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SPECIAL NOTIGCE.
SMOKE ABATEMENT APPLIANCES.

PERMANENT EXHIBITION AND SALE ROOMS,
GARFIELD BUILDINGS, 150 HOLBORN BARS, LONDON, EC.

Conducted under the Personal Management of Mr. WILLIAM STOBBS.

These commodious premises have been opened to supply the want of a
CENTRAL DEPOT in a convenient position for the KXHIBITION and SALE of
appliances necessary to the Abatement of the SMOKE NUISANCE, of Patented
Articles, and other Goods.

GRATES, STOVES, KITCHENERS, HEATERS, STEAM
BOILERS, FURNACES, SMITHS' FORGES, AND
OTHER APPLIANCES FOR BURNING SMOKELESS COAL,
AND BITUMINOUS COAL SMOKELESSLY,

SEIOVWIT TIN  ACTIOI.

Gas Heating and Cooking Stoves, and all Classes of Domestic Warming and
Cooking Appliances, Stoves, &c., for Public Buildings, and
Smoke-Preventing Appliances for Factory and other Industrial Purposes.

THE WILSON PATENT STEAM SAFETY ALARM

CAT BE SEEIN DAILY IIT ACTIOIN.

THE ST. JOHN’S PATENT GAS APPARATUS.

The attention of Inventors and Manufacturers is invited,
and all communications will be promptly dealt with.

WILLIAM STOBBS & CO.

Garfield Buildings, 150 Holborn, E.C.



15 PER GENT. LESS FUEL BURNT,

And PERFECTION and ECONOMY in COOKING by USING the
B AT EIINE

Treasure Cooking Range.

UNSURPASSED FOR DURABILITY.
MAY BE PILACIEID ANYWHERIL.
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Was awarded to the Patentee, after nearly One Thousand Tests of a
variety of Ranges, for best Smoke-Preventing and Coal Burning, by the Smoke
Abatement Exhibition, Ladies’ Committee, South Kensington.

(Vide Tives, July 18th & 19th, 1882.)

ALSO '

THE GRAND PRI!IZE BY THE EXHIBITION

(FIRST SILVER MEDAL).
CHEAPEST COAL MOST SUITABLE,

ILLUSTRATED PRICE BOOKS POST FREE.
T. J. CONSTANTINE, 61 Fleet Street, E.C.




ANTHRACITE COAL.

GARNANT BIG VEIN ANTHRACITE COAL
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OF THE

SMOKE ABATEMENT COMMITTEE
1832

WITH REPORTS OF THE JURORS OF THE EXHIBITION
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SMOKE ABATEMENT EXHIBITION, 1882.

REPORT OF THE COMMITTEE.

IN presenting the following series of Reports the Executive Committee would briefly
direct attention to the labours that have preceded their own, and to the nature of the
work they have endeavoured to continue.

Complaints as to the deleterious and obnoxious character of smoke evolved during
the combustion of coal appear to have followed its gradual substitution for wood as fuel.
Sir Hugh Platt, writing about the year 1594, was probably the first to suggest suitable
admixtures of coal and other substances which gave less irritating smoke than coal alone.
Evelyn’s eloquent protest in his Fumifugiwm, printed in 1661, is well known, as is also
his proposal €that by an Act of the present Parliament this infernal nuisance (of smoke)
be reformed.” Various attempts to abate the nuizance were made from time to time,
perhaps the most important being that of Benjamin Franklin, who, in 1745, attacked
the problem from the point of view of the domestie fire-place ; while in 1795 James Watt,
as is pointed out in the Report of the Jury on Fixed Boiler Appliances, suggested the
use of smoke-consuming boiler furnaces in which cold fuel was introduced behind an
incandescent mass.

In the hope of obtaining the most economical utilisation of heat, the question was
investigated in the first decade of the present century by Count Rumford, who said that
he never ¢ viewed from a distance the black cloud of unconsumed coal which hangs over
lLondon without wishing to be able to compute the immense number of chaldrons of coal
of which it is composed.’

In 1819 the national importance of the smoke question was admitted in a very
practical way by the appointment of a Select Committee of the House of Commons, ¢ to
inquire how far persons using steam engines and furnaces could erect them in a manner
less prejudicial to public health and comfort.” The Committee reported that ¢ so far as
they had hitherto proceeded they confidently hope that the nuisance, so universally and
so justly complained of, may at least be considerably diminished, if not altogether re-
moved." In 1843, another Select Committee ¢ inquired into the means and expediency
of preventing the nuisance of smoke arising from fires or furnaces.” The list of witnesses
examined by the Committee comprised the honoured name of Faraday, and, as their
Report. points out, ¢ they received the most gratifying assurances of the confident hope
entertained by several of the highest scientific authorities examined by them that the
same black smoke proceeding from fires and private dwellings, and all other places, may
eventually be entirely prevented.” They concluded by recommending ¢ that a Bill should
be brought into Parliament to prohibit the production of smoke from furnaces and steam

engines.’
B



2 REPORT OF THE COMMITTEE.

In May 1845 yet another Select Committee of the House reported ¢that in the
present state of knowledge and experience upon the subject, it is not desirable to extend
the provisions of an Act beyond furnaces used for the generation of steam.” In August
of the same year, Sir Henry de la Beche and Dr, Lyon Playfair reported to Lord Canning
¢ that it cannot for a moment be questioned that the continued emission of smoke is an
unnecessary consequence of the combustion of fuel, and that, as an abstract statement,
it can be dispensed with.” They add, however, ®it is useless to expect, in the present
state of our knowledge, that any law can be practically applied to the fire-places of common
houses, which, in a large town like London, contribute very materially to the pollution
of the atmosphere.’

It is difficult now to realise a state of things, as regards the evolution of dense volumes
of smoke from boiler furnaces, such as that described by the witnesses examined by the
Parliamentary Committees, as the legal enactments which were the result of their labours
did much to lessen the evils complained of. In the ease, however, of domestic fire-places
the question has remained without material change until the present day, although the
rapid growth of the Metropolis materially adds to the gravity of the smoke nuisance.

The present effort to reduce the smoke nuisance is net directed exclusively to the
suppression of smoke from the furnaces employed in factories or the fires of industrial
works generally, as the object in view is the reduction of smoke from all sources,
especially from dwelling-houses, the aggregate quantity of smoke from which is very
considerable

The Committee are satisfied, as one result of their labours, that a large number of
persons, representing all classes and interests, are now fully sensible of the importance
of the subject, and, further, they find abundant and satisfactory evidence, in London and
in the chief provineial towns, of anxiety to adopt any improved appliances for burning
fuel, or any smokeless forms of fuel, when their merits have been fairly proved.

The Committee felt that, before attempting to stimulate and encourage inventors,
manufacturers, and others to bring forward improved appliances, it was necessary to
ascertain what the present state of our knowledge of the subject really is. The
following series of reports mark the stage of progress already reached, and afford a firm
basis for future work. The Committee have, therefore, directed the reports to be printed.

The origin of the present Smoke Ahatement movement, dating from action taken by
Mr. Ernest Hart in the National Health Society, and by Miss Octavia Hill in the Kyrle
Society, has already been so fully set forth in the pages of the official catalogue of the
Exhibition that it need form no part of this brief account of the Committee’s aims and
work.

The Smoke Abatement Exhibition may be said to have resulted from the several
important public meetings which have marked the history of this movement, notably
a public meeting at the Mansion House, summoned by the Smoke Abatement Com-
mittee, nominated jointly by the above Societies. This meeting was held on January 7,
1881, under the presidency of the Lord Mayor, when the Right Hon. G. J. Shaw-
Lefevre, M.P., First Commissioner of Works, the late Dean of Westminster, Sir U. K.
Shuttleworth, the President of the Royal Society, and others, eminent in literature,
science, and art, addressed the meeting and supported the movement ; a public meeting
was held by the Kyrle Society, at which the President, H.R.H. the Duke of Albany,
referred with warm approval to this movement as part of the Society’s work, and a
regolution in support of it was passed by the meeting. Shortly afterwards a largely-
uttended meeting was held at Grosvenor House, by permission of the Duke of West-
minster, President of the National Health Society, at which H.R.H. the Princess
Louise (Marchioness of Lorne) was present, when high scientific and medical evidence
was borne by Dr. Siemens, F.R.S., Sir Henry Thompson, and Mr. Spencer Wells, to the
importance of the question. The Committee then proceeded to complete arrangements,
by the permission of Her Majesty’s Commissioners for the Exhibition of 1851, the Lords
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of the Committee of Council on Education, and of the Counecil of the Royal Horticultural
Society, for an Exhibition to be held in the buildings erected for the International
Exhibition of 1862, of improved fire-grates, furnaces, kitcheners, cooking, warming, and
other apparatus of all kinds, devised to prevent smoke, or to consume smokeless fuel ;
the Exhibition to include varieties of bituminous and anthracite or smokeless coal, and
special fuel for household fires and furnaces. In the catalogue, the various exhibits
were classified and arranged under sections., Arrangements were also made for the
fitting-up of some buildings for the purpose of testing the efficiency of grates, stoves,
and other appliances suited for domestic use; and trials of various fuels and boiler
appliances were also provided in the Exhibition Buildings and in the Royal Albert
Hall, and at certain factories in which facilities were offered by the proprietors. It
was resolved that the testing of apparatus should be made as far as possible under the

following conditions :—

TesTs oF APPARATUS AND FUELSs.

1. Domestic heating appliances—viz., grates, stoves, and kitcheners, and
kitchen open ranges—to be tested for heating power, cost, convenience, quality
of combustion, and their comparative freedom from smoke and noxious vapours.
Various fuels and new appliances for the utilisation of anthracite and other smoke-
less coals to be tried. Gas heating-apparatus, in which great improvements have
recently been made, to be tested and compared.

2. Furnaces and apparatus for industrial purposes, with which greater difficulty
presents itself. Trials of some of the more recent improvements in boiler apparatus
were to be made with the special object of testing the combustion of fuel and the
prevention of smoke, having regard also to evaporative performance,

The Committee engaged the services of Mr. D. Kinnear Clark, M.Inst.C.E., to
organise and conduct the tests, under the direction of the Executive Committee.

The Committee felt—and their view was confirmed by very numerous expressions of
opinion, as a result of extended correspondence with persons of experience representing
all classes in London, the provinces, and abroad—that such an Exhibition and testing,
carried out under the direction of a Committee of Experts, would be of national value—

1. By tending directly to a better utilisation of coal and coal products.

2. By determining practically and scientifically the means which are actually
available for heating houses, as at present (and as may be) constructed, without
producing smoke.

3. By enabling the Committee to examine the subject generally, and report,
for public information, upon the relative adaptability of the various coals and
appliances to the different requirements of every class of the community.

4. By affording reliable information upon which to base sufficient and equitable
amendments of the existing laws regarding smoke.

5. By enabling the Committee to ascertain and make known the comparative
value of existing appliances for the utilisation of gas for the purpose of heating,
and generally bringing together the available material for determining how far
smoke may be prevented, and testing inventions but little known.

The Executive Committee, having been charged by the General Committee with the
task of undertaking the details of arranging the Exhibition, Professor W. Chandler
Roberts, F.R.5., drew up a scheme for t%:e chemical testing in connection with the
mechanical tests of grates and stoves. The Committee proceeded to communicate with
the leading colliery proprietors and other persons connected with the production of eoal and
other fuel, and with the manufacturers of domestic grates, heating apparatus, stoves, &e.,

B 2
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and also with the makers of boilers and furnaces for industrial purposes. Invitations
to exhibit were widely sent out throughout the manufacturing districts of Great Britain,
America, France, Germany, and other foreign countries, and communications explaining
the objects were addressed to the municipal bodies of the principal towns interested.
The Board of Trade was communicated with, and granted special protection to new in-
ventions under the powers conferred upon them by the ¢ Protection of Inventions Aet,
1870." The assistance of foreign countries was sought, and with this view the aid of
Earl Granville, the Secretary of State for Foreign Affairs, was solicited, and was most
kindly and readily accorded. His Lordship forwarded particulars of the Exhibition,
and directed communications to Her Majesty's representatives in France, Germany,
Belgium, Sweden, and at the Hague and Copenhagen, with instructions to communicate
with the Governments to which they were respectively accredited, and to request that
publicity might be given to the objects of the Exhibition. By a later communica-
tion from his Lordship, the Exhibition Committee were informed that instructions had
been directed to Her Majesty’s representatives at Paris, Berlin, and Washington, to sug-
gest to the Governments to which they are respectively aceredited that a properly quali-
fied person should be sent to report upon the Exhibition and the trials connected with it.

The Earl of Kimberley, the Secretary of State for the Colonies, also gave his assistance
to the Exhibition Committee, by forwarding particulars of the Exhibition to the Governor-
General of Canada, and further directed that certain inquiries should be made into the
system of heating towns and villages by steam, in accordance with the request of the
Smoke Abatement Committee.

The kind advice of Sir Philip Cunliffe Owen, and the assistance of Mr. G. R. Redgrave,
and subsequently of Mr. James Richards, of the Royal Albert Hall, whose experience in
matters relating to Exhibitions is well known, were obtained in making the necessary
arrangements,

The formal opening of the Smoke Abatement Exhibition at South Kensington
took place on November 30, 1881, when the Lord Mayor, who was accompanied by the
Sheriffs and Under-Sheriffs, presided at a meeting held in the Albert Hall. There was
a very large attendance of persons interested in the movement, including Her Royal
Highness the Princess Louise (Marchioness of Lorne), and His Excellency the Marquis
of Lorne, Governor-General of Canada, and other distinguished visitors. The meeting
was addressed by His Excellency the Marquis of Lorne, the Right Hon. G. J. Shaw-
Lefevre, M.P., Lord Aberdare, the Right Hon. H, Childers, M.P., Dr. Siemens, and others.

The Exhibition was primarily divided into two classes of appliances: applicable
respectively to DOMESTIC and to INDUSTRIAL purposes. Objects exhibited in Sections A,
B, and C were entirely for domestic, and those in Section D for industrial use. Sec-
tion E was reserved for various fuels suitable for either domestic or industrial purposes,
or both ; and Section F for foreign exhibits of all classes.

Section letters were placed at the head of each page in the Official Catalogue, and
an enumeration of the ohjects ranged under each Section was inserted at the head of
such Section.

References were given under each entry to the locality of the exhibits, which were
determined by the division of the galleries into measured blocks, which were distin-
guished by Roman numerals i. to xxvii. ; beginning at the southern end of the Western
Arcade (entrances in Queen’s Gate), and ending at the southern end of the Eastern
Arcade (entrances in the Exhibition Road).

The Exhibition included exhibits from the United States, France, Germany, Holland,
Belgium, Sweden, and other countries; and for all domestie purposes a considerable
number and variety of exhibits were shown, and chiefly in action. Special attention
was directed to the industrial appliances, which included Smokeless Pottery Ovens and
(Gas Kilns, Dr, Siemens’ Regenerative Gas Furnace, Gas Engines, and several applica-
tions of the principle of mechanical stoking to steam boilers, free from the disadvantage
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of admitting cold air to the furnace. The production and application of combustible
gases, other than ordinary coal gas, formed a prominent feature in the Exhibition.

With regard to fuels, anthracite, the smokeless and semi-bituminous coals of South
Wales, and the bituminous ecoals of Northumberland and other districts were both
exhibited and shown in use. Patent fuels were also exhibited.

Various systems of Electrie Lighting were shown, together with the special appli-
ances necessary for developing electricity. Also the Siemens’ Electric Furnace and
Electric Railway.

The object of the Exhibition being to encourage improvements, the Committee, so far
as practicable, continued to admit suitable exhibits during the period of the Exhibition.

The endeavour was made to render the Exhibition instructive by demonstrations of
the principle and mode of action of various machines and appliances, and exhibitors
were afforded every reasonable facility in this respect, and abundant oppertunity was
furnished to them, at econvenient times, for giving such explanations as might be neces-
sary. Furnaces and machinery were, as far as practicable, shown in action.

The Exhibition was kept open at night at times which were advertised, and the fol-
lowing series of lectures on scientific matters conneected with the objects of the Exhibi-
tion, and on the appliances themselves, were delivered from time to time :—

¢ Abatement of Smoke in relation to Heating and Ventilation,” by Captain Deuglas
Galton, C.B., F.R.S.

* The Abatement of Smoke,’ by Mr. Ernest Hart.

* Waste in Combustion,” by Prof. Chandler Roberts, F.R.S.

¢ Smoke Abatement in connection with Glass and Pottery Bwrning,' ¢ Smokeless
Baker's Ovens,’ by Mr. W, J. Booer (Leeds).

¢ Economy of Fuel,” by Mr. F. Fletcher (Warrington).

¢ Lighting, Heating, and Ventilating,” by Mr. W. Sugg.

*The Effect of Coal-smoke upon the Human Organism,’ by Dr, J. W, Fothergill.

¢ Varieties of Coal in relation to the question of Smoke Abatement, with special refer-
ence to the probable discovery of Coal at workable depths under London,’ by Prof. Judd.

¢ Steam Boilers and the Prevention of Smoke,’ by Mr. Holroyd Smith, M.LM.E.

A course of popular readings: ¢ Improvements in Domestic Grates and Kitchen
Ranges,’ by Mr. E. J. Powell.

¢ Vitiated Air,’ by Dr. Neale.

¢ Anthracite : its Uses and Economy,” by Mr. C. H. Perkins.

¢ Smokeless Baker's Ovens, and the Advantages of using Gas as a Fuel,” by Mr. W,
J. Booer.

¢ Bread-Baking and Smokeless Ovens,” by Mr, William Lawrence.

Prizes and medals have been awarded to the best exhibits, and the arrangements
under which these have been awarded are now made known. Among the liberal domors
for this purpose is Dr. Siemens, who offered a Prize of 100 gunineas. A Ladies’ Prize
of 100 guineas, divided into two sums for the best Domestic Open Grate and best
Kitchener, was given. The Society of Arts offered a medal; the Manchester Asso-

ciation for Controlling the Escape of Noxious Vapours added a prize of 501 ; and further
prizes were awarded.

The fﬂliﬂwing is a list of the gentlemen who kindly undertook to aect as Jurors:

Prof. Abel, C.B., F.R.8.; Mr. A. T. Atchison, M.A. ; Lord Alfred Churchill ; Mr.
Wm. R. E. Coles, C.E.; Mr. Thomas Cundy; Mr. T. W. Cutler, F.R.LLB.A.; Mr. W.
Eassie, C.E.; Col. Festing, R.E. ; Prof. Frankland, LL.D., F.R.S.; Capt. Galton, C.B.;
Mr. R. Harris; Mr. Charles Heisch ; Mr. Charles Hunt; Mr. T. W, Keates; Prof.
Chandler Roberts, F.R.S.; Dr. Siemens, F.R.S,, LL.D. ; Mr. G. H. Trollope ; Mr. Gre-
ville Williams, F.R.S. Mr. D. Kinnear Clark, M.Inst.C.E., Testing Engineer.
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The Exhibition was formally closed on Tuesday afterncon (February 14) by a
Meeting of Committee and Exhibitors, which was held in the Albert Hall, under
the presidency of the Chairman, Ernest Hart, Esq. There was a large attendance of
exhibitors and members of the Committee.

At this meeting it was announced that there had, up to the time of meeting, been
made altogether 249 tests, many of them of a detailed and costly character: 27 tests of
steam-boiler appliances, 42 tests of coal samples, 128 tests of open grates and stoves,
and so on through the whole list. A great amount of work had been done, and done
with great care, and special thanks are due to Dr. Siemens, Professors Frankland
Abel, Roberts, Col. Festing, R.E., Mr. Atchison, Messrs. Harris, Heisch, Cutler, and
the other Jurors, who have given gratuitously their best care and their most valuable
time, in carrying out the work of the juries, as well as forwarding the objects of the
Exhibition generally.

Among the distinguished visitors who attended the Exhibition and manifested great
interest in the exhibits were H.R.H. the Prince of Wales, the Marquis of Lorne, the
Empress Eugénie, and H.R.H, the Princess Louise, who honoured the Exhibition with
two visits, The Duke of Westminster also visited the Exhibition and deputed Mr. Cundy
(one of the jurors) to report to him on any appliances or new inventions or contrivances
for existing grates which might be successfully introduced for the abatement of smoke in
the houses on the Westminster estate. The Duke of Sutherland paid numerous visits to
the Exhibition, as did other large landowners, The members of the House of Commons
attended very numerously, and they had the satisfaction of receiving the Right Hon.
G. J. Shaw-Lefevre, M.P. (First Commissioner of Works), who went very carefully into
the details of what he had seen and gave instructions that a certain number of exhibits
should be purchased for trial at the public offices. Among the visitors were deputies
from the principal Foreign Governments—Monsieur Trélat, the eminent President
of the Society of Civil Engineers in Paris, and Monsieur Hirsch, from the French
Government ; Dr. Gustav Wollf and Herr F. Siemens, from the German Government;
Mr. John Hopkinson, F.R.S., Commissioner from the American Government; Monsieur
H. Studer for the Swiss Government, and Commissioner for the Austrian Government.
Those gentlemen will make reports on what they have seen here, so that the knowledge
of the exhibits will extend to other countries. The Marquis of Lorne specially re-
quested that a detailed account of the testing should be supplied to the Government
of Canada.

At the meeting at the close of the Exhibition, due acknowledgment was made by
the assembled exhibitors of the labours of the Committee.

Professor Abel proposed, on behalf of the meeting : ¢ That the best thanks of the
meeting be Eiwn to Mr. Emest Hart, the Chairman of the Committee, for the valuable
services he has rendered to Smoke Abatement generally, and for the carrying of the
scheme of this Exhibition to a successful issue.

The Exhibition has been attended by the Royal Commissioners on Technical Eduea-
tion, the Institute of British Architects {(who came in considerable numhersg, the Insti-
tution of Civil Engineers (also in large numbers), the Institution of Mechanical En-
gineers, and the Members of the Coal and Iron Trades Institute. Also large deputa-
tions attended from builders and architects ; and, in addition, the builders of London
sent their workmen in large bodies. The Corporations of the various towns have shown
great interest in this Exhibition, and a considerable number of the Mayors and other
public officials attended personally; and further, the Corporations of Manchester,
Birmingham, Sheffield, Oldham, and Leeds, sent official deputations, who have gone
through the Exhibition, and who will make reports of a practical character, and present
recommendations to their respective corporations. The following is a list of the Foreign
Countries and Colonies represented by their deputies: France, Germany, United States,
Switzerland, Austria, Hungary, Sweden, Denmark, the Netherlands, China, Canada,
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and Australia. The total number of visitors to the Exhibition was 116,000; of these
46,000 were admitted by payment, and 70,000 persons to whom was given free admission.

The testing alone has involved an expenditure of about 1,0004. ; for, besides the
testings at South Kensington, extensive testings have been made elsewhere. 130 tests
have been made of grates and stoves, 27 tests of coal-burning kitcheners, 32 tests of
gas heating-apparatus, 20 tests of gas cooking-stoves, 4 tests of the Dowson Guas
Producer and applications of the gas, 4 tests of heating apparatus, 27 tests of steam-
boiler appliances, 1 test of a gas engine, and 45 tests of fuels; making the total
number 290 tests. The Committee were very much indebted to the National Training
School of Cookery, South Kensington, especially to Mrs. Charles Clarke, the lady
superintendent, for sending her staff and assisting at practical trials of the kitcheners.

The exhibits have been thoroughly cited and illustrated in all the industrial papers.

As a result of the visit to the Exhibition of a deputation from the city authorities
of Manchester, on Jan. 11, it was arranged to practically transfer the Exhibition, so far
as it could be transferred, to Manchester, the Corporation having lent the market build-
ings for the purpose. To this end the Committee, its chairman, and its hon. secretary
energetically co-operated. This Exhibition was opened on March 17, with an influential
committee, consisting, among others, of the Earl of Derby, the Bishops of Manchester
and Salford, Sir Humphrey de Trafford, Bart., &c., with the Mayor of Manchester as chair-
man, Mr. Francis Greg as chairman of the Executive Committee, and Mr. Fred. Scott
as Secretary. It was thought desirable to conneet the two exhibitions together, and
H.R.H. Prince Leopold and the Duke of Westminster (the joint presidents of the
South Kensington Exhibition) expressed their official approval of the step, by becoming
presidents of this provineial Exhibition.

The testings at Manchester were conducted by Mr. I). Kinnear Clark on the same
bases as those conducted at South Kensington, a separate report on which is ap-
pended. Medals have been awarded in accordance with these results.

The Manchester Exhibition closed on May 6. It proved highly successful, as shown
by the Report of the Manchester Committee, appended.

The Committee trust that the opportunity which has been afforded by these Exhibi-
tions of various appliances in action, and of improved fuels, and the trials carried on, will
result in the extensive adoption by householders and manufacturers of the most suceess-
ful and useful of the improvements shown, and that the impetus thus given to industrial
energy and scientific ingenuity will bring about yet further improvements in the art and
practice of heating, without unnecessary production of smoke. The Committee hope,
alzo, that the Exhibitions have proved of advantage to many exhibitors who incurred
no small amount of labour and expense in bringing their exhibits before the public in
the way recommended by the Committee.

The following is the list of awards made in connection with the Smoke Abatement
Exhibition at South Kensington ; for details of which see the Jurors’ Reports.

Open Grates for Bituminous Coal.—To Brown & Green (Under-fed Grate), gold
medal ; Clark, Bunnett & Co. (Ingram’s Grate), silver medal ; E. H. Shorland (¢ Man-
chester* Ventilating Grate, G. L. Shorland’s patent ), silver medal ; E. R. Holland ( Under-
fed Grate), bronze medal; H. E. Hoole (Radiating and Reflecting Grate, with Side
Hopper), bronze medal ; M. Feetham & Co. (Basket Dog Grate), bronze medal ; J. M.
Stanley (Hopper-fed Grate), bronze medal; T. E. Parker (¢ Vencedor’ Grate), bronze
medal ; W. I. Henry (Smoke Filtering Appliance), bronze medal; Doulton & Co.
(Tile Grate), hon. mention ; Rosser & Russell (Grate), hon. mention ; Geo. Haller &
Co. ( Kohlhofer Hot-air Stove), hon. mention.

Open Grates for Smokeless Conl.—To the Coalbrookdale Co. (¢ Kyrle ’ Grate), silver
medal ; Yates, Haywood & Co. (Ventilating Grate), silver medal ; Michel Perret (Grate),
bronze medal.
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Close Stoves for Bitwminous Coal.—To C. B. Gregory (Stove), silver medal ; John
Cornforth (¢ Little Wonder’), silver medal ; R. W. Crosthwaite (with Gregory’s improve-
ments), silver medal; J. F. Farwig & Co. (Stove), bronze medal ; James Dunnachie
(Stove), bronze medal ; Rev. H. J. Newcombe (Stove), hon. mention.

Close Stoves for Smokeless Fuel.—To W, Barton (Stove), bronze medal ; F. Lonholdt
(Stove), bronze medal ; Musgrave & Co. (Stove), H. J. Piron (Stove), bronze medal ;
Harry Hunt (Stove), bronze medal.

Kitcheners,—To T. J. Constantine, silver medal; Eagle Range Company, silver
medal ; Radiator Range Company, silver medal; Brown & Green, silver medal ; Falkirk
Iron Company, silver medal; Newton, Chambers & Co., bronze medal ; W, Stobbs,
bronze medal ; M. Feetham & Co., bronze medal.

(7as Oven.—To Thompson Brothers, a gold medal for their patent kiln and baker's
oven, being a distinetly new application of the use of coal gas, and one caleulated to
largely promote the abatement of smoke.

(tas Cooking-Stoves.—(a) Stoves suitable for families of about twelve persons.—
To H. and C. Davis and Co., silver medal; to Beverley and Wylde, silver medal ;
J. Wright & Co., silver medal; Stark and Co., silver medal, in recognition of the
principle adopted by them of burning the gas outside the oven in which the cooking
is carried on; Billing and Co., bronze medal; Leoni and Co., bronze medal; C.
Wilson, bronze medal; Waddell and Main, bronze medal. (B) Stoves suitable for
large establishments; Slater and Co., for excellence of material and workmanship, silver
medal.

(GFas Heating-Stoves.—(c) Close stoves, from which the heat is conveyed into the
apartment by conduoction from pipes or chambers, through which the heated pro-
ducts of ecombustion pass.—Toe Stark and Co., for Cox’s ventilating gas stove,
a silver medal ; the Sanitary and Economic Supply Association of Gloucester, for
Dr. Bond’s Euthermie ventilating stove (pattern a), a silver medal. (p) Open stoves
or combination fires, in which gas is burned in combination with solid materials,
and the heat radiated into the apartment.—Waddell and Main, for gas-and-coke
fire (Dr. Siemens’ principle), a bronze medal ; G. Wright and Co., for gas-and-coke
fire (Dr. Siemens’ prineiple), a bronze medal. (E) Gas baskets or fires, from which
the heat is conveyed by radiation.—To Leoni and Co., for hanging gas fire, a bronze
medal.

(fas Producer.—To the Dowson Economic Gas Company, Limited, for their gas
producer and the application of the gas to various industrial purposes, a gold medal.

Apparatus for Heating by Air, Water, and Steam.—To W. & S. Deards, bronze
medal ; W. Stainton, bronze medal.

Mechanical Stokers,—To George Sinclair, a silver medal; T. and T. Vicars,
a silver medal ; The Patent Steam-Boiler Company (Knap’s stoker), a bronze medal ;
The Chadderton Ironworks Company (M‘Dougall’s stoker), a bronze medal; James
Proctor, a bronze medal.

Fire-bridges.—To Chubb and Co., for their cast-iron semicireular fire-bridge,
a bronze medal ; Ireland and Lownds, for east-iron tubular fire-bridge, a bronze medal.

Fire-bars and Fire-grates.—To the Wavish Patent Fuel Economiser Company, for
the application of vertical grates in steam-boiler furnaces, a silver medal ; J. Farrar and
Co., for Barber’s under-feeding stage grate, a bronze medal; J. Collinge, for Blocksage’s
external inclined grate, a bronze medal.

Furnace-door.—To W. A, Martin & Co., for a balanced fire-door, a bronze medal ;
the Great Britain Smoke-Consuming Company, a bronze medal.

Boiler Setting.—To Livet’s Patent Improved Boilers and Furnace Company, for
Mr. Fountain Livet's method of setting boilers, and his fire-bars, a silver medal.

Chimmney.—To E. GG, Wéry, Paris, for his atmospherie smoke-consuming chimney, a
bronze medal.
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Dr. Siemens' Prize of 100 guineas ¢ for the best method or arrangement for utilising
fuel as a heating agent for domestie and industrial purposes combining the utmost
economy and freedom from smoke and noxious vapours”—The Dowson Economic Gas
Company, 50 guineas; The Falkirk Iron Company, for their gas-and-coke-burning
kitchener, 50 guineas.

Ladies’ Prizes of 50 guineas, for kitchener and open grate.—Prize of 50 guineas
divided between T. J. Constantine, for his * Treasure’ kitchener, and the Eagle Range
Company, for their kitchener. For open grates, no award made.

Society of Arts Medal.—C. B. Gregory, of Beverley, New Jersey, U.S8.A,, for his
smoke-burning furnace, and for its various applieations to steam boilers and other indus-
trial and domestic purposes.

The following is the list of awards made in connection with the Manchester
Smoke Abatement Exhibition :—

Open Grates and Close Stoves.—T. E. Parker, for his smoke-preventing grate,
being an improvement upon the grate exhibited by him in London, for which he was
awarded a bronze medal, silver medal ; Jaffrey & Co., for their smoke-consuming grate,
being an improvement on the Kaio-Kapnos grate, which was awarded a silver medal in
London, silver medal ; J. Wadsworth, for his close ventilating stoves, burning coke and
burning gas, silver medal ; the Falkirk Iron Company, for improved coke-and-gas fire and
asbestos-and-gas fire, modifications of Dr. Siemens’ principle, silver medal ; W. Thornburn,
for his hot-air petroleum stove, honourable mention; E. H. Shorland, for the Man-
chester close stove (G. L. Shorland’s patent), bronze medal ; James Moore, for his
system of boiler-seating with perforated bridges and steam-jets for the prevention of
smoke and for economy of fuel, bronze medal ; J. Hampton, for his fire-proof smoke-
consuming bridge, bronze medal ; B, Goodfellow, for Johnson's smoke-and-fume washer,
honourable mention ; Hydes & Wigfull, for the ¢ Tortoise * laundry stove, bronze medal.

Kitcheners and Cooking Stoves,—Elliott, Alston, and Olney, for Senking’s cooking-
stove, silver medal ; K. W, Crosthwaite, for close-fire range, having Gregory’s furnace,
silver medal ; Waddell & Main, for improved gas cooking-stove, silver medal ; Charles
Wilson, for impoved gas eooking-stove, gilver medal.

Steam Boiler Appliances—R. W. Crosthwaite, for Gregory’s smoke-burning
furnace, applied to an upright boiler, silver medal; E. Bennis, for his mechanical
Stﬂeléfi‘, silver medal ; Thomas Henderson, for his furnace-front and fire-door, bronze
medal.

Furnace for General Heating Purposes.—Michel Perret, for his multiple-staged
furnace, silver medal.

For details of the Awards see the following Reports of the Juvors.



:{;i !-;:
.-l"' anil A | *1‘%
2 .,f_p Ir“,l.-—w!ﬁl Wy iyl
F Py uu‘l_ '
vl ...uumw

L

= e

N
hl!.
.:_

2 T ) .""'"- ¥ P‘ i f'q. "FI‘ |

- ¥ I.J!i ll! L i
." A i ’|‘ ) "ﬂ"l* fi
T ictade e DAL r-ut-#u k

S i . Rt [T » .,. iq_‘ ".1*' J
; 3 e e S AL ¢ .'-| .
Mt AT - i it s ALy LY
it e Res SCTMDB AN u,,d.r@; - f'“f,f' b

v - Tra g

) TR B A il R

£ TP S f*
L 3 ’-1?11- l;#'l*“ -5-‘. L5 '1
o b .
' ) o 30t - Wi
e L 1nh%iﬂ?
TR RS WA 1_':'".1_|r




11

REPORTS OF THE JURORS.

I. REPUORT OF THE JURORS ON OPEN GRATES AND CLOSE STOVLES.

HE elass of grates and stoves was, as might have been expected, the largest in the

Exhibition, and that in which there was the greatest difficulty in determining
the relative merits of the different objects.

There were many well-considered efforts for diminishing the smoke from bitumi-
nous coal, and several examples of grates were shown in which endeavours were made 1o
increase the efficiency of the fuel. Few of these, however, displayed any actual novelty.
Grates and stoves for burning anthracite were well represented, and visitors thus had
full opportunity of comparing, as far as is possible in an exhibition, the merits of smoke-
less eoal and of appliances, in most cases involving some mechanical complication, for
burning bituminous coal smokelessly ; and the general impression must, we think, have
been that, although the smoke difficulty is far from solution yet, a good deal of
thought has been given to the matter, and that, attention having been now so much
directed to it, there are hopes of still further improvement.

In recommending the awards that should be made, we have considered that one of
the chief essentials of a grate or a stove should be that no noxious fumes should be given
off into the apartment, and another—in the case of open fire-places—that there should be
abundance of radiant heat. Subject to these considerations, we believe that apparatus
to be most worthy of recognition in which the ratio of heating power to the amount of
smoke produced is the greatest. Other considerations are: combination of heating with
ventilation ; economy of fuel and labour; simplicity of construction and of working ;
cheapness and durability ; adaptability to existing arrangements; appearance; and
these will doubtless influence purchasers considerably in their choice. But we are of
opinion that—in determining our action as to awards in this—which is a Smoke Abatement
Exhibition, and not an ordinary show of grates and stoves—these latter considerations
ghould have small weight as compared with the main point of ratio of heating power to
smoke given off. It is, therefore, on the results of the testings of heating power and
visible smoke as carried out by Mr. Kinnear Clark, and of perfection of combustion
as carried out by Professor Chandler Roberts, that our recommendations chiefly depend.
We may remark thal a eareful examination of the tabulated results of these tests
shows a substantial correspondence between the two sets.

The open grates are naturally divided according to whether they are fed (a) from
the hottom or gide, (b) from the top with an up-draught, (¢) from the top with a down-
dranght ; and, again, whether they are intended for bituminous or smokeless coal. TLe
gtoves, also, may be intended for bituminous or smokeless fuel.

Armott's well-known stove, which has been in existence for half a century, was shown
by F, Edwards & Son. The nearest to it in prineiple was that shown by the same exhibitors,
in which the bottom of the grate is fixed, but the fuel burns downwards, and a counter-

c 2
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balanced shutter in front of the bars determines the level at which air is admitted to
the fire, and consequently that of active combustion. The results of the testing, how-
ever, were disappointing, as they showed that the fuel was not burnt to advantage, and
considerable amount of smoke was produced.

Somewhat similar in principle are the hopper grates. The best results were given
by those of H. E. Hoole and of J. M. Stanley, which we have recommended for bronze medals.

Of the arrangements for direct under-feeding, that of Brown & Green appeared to
be the best, from a practical point of view; and it also gave the best results in the
testing of any grates for bituminous coal. We have, therefore, recommended it for a
gold medal.

E. K. Hollands® under-fed grate also gave fairly good results. There is some objee-
tion to the presence of mechanism in this grate, and we had no means of determining
whether this would be liable to get out of order. The prineiple is, however, good, and
we have recommended a bronze medal for this grate,

The system of under-feeding appears to be generally effective in reducing the
amount of smoke, and, as the live coals are at the top, there is powerful radiation from
it, which is not much reduced, as is the case in top-fed grates when fresh coal is put on.

The system of downward-draught with ordinary hand-feeding at the top is adopted
in several grates, and in a few the results of the testing have been so satisfactory as to
enable us to recommend awards; but we believe the system to be wrong in prineciple.
The upper surface of the coal in the grate, and the back and cheeks of the fire-place,
ure necessarily cooled by the draught, and can radiate little or no heat to the room, and
the combustion of the gases takes place in a position from which no heat can be radiated
into the room. The heat derived from this portion of the combustion must, therefore,
he wasted, unless it can be utilised to warm air or water, and so be distributed. More-
over, there were instances in the Exhibition where down or back-draught had produced
rapid destruction of the bars, &e., of the grate ; and, as so much of the combustion takes
place out of sight, mischief may go on unnoticed.

With regard to the next subdivision, which may be said to include all ordinary
grates, and in which the fuel is supplied at the top, and the draught is upwards, we
would call particular attention to the pattern of a grate devised by Captain Douglas
Galton, C.B., about twenty-two years ago, for use in barrack rooms, and adopted for that
purpose by the War Office. On account of the position occupied by Captain Galton,
with regard to the movement, this grate was not shown in competition, and was,
therefore, not tested in the testing house, which is unfortunate, as it might at least
have served as a standard of comparison, and we believe it to be certainly one of the
most effective of the grates in the Exhibition. General Morin, in his well-known work
on ¢ Heating and Ventilation,’ states that in his experiments he found that, for a given
quantity of coal, three times as much heat was utilised in the room, as in the case of
any other open fire-place which he tried.

This economy of coal and consequent diminution of total smoke produced is
effected prineipally by using what would otherwise be wasted heat at the back of the
fire-place to warm fresh air, which is afterwards admitted to the apartment. The direct
diminution of smoke also appears to be, to some extent, effected by arching the fire-
brick back partly over the fire, thus forming a kind of baffle, underneath which heated
air from behind the grate is introduced, to aid in the combustion of gases given off by
the coal.

In no other grate are these two principles combined. The latter is more fully
developed in Barnard, Bishop & Barnards’ ¢ Glow fire;’ but the results of the testing
of this grate were not so satisfactory as to warrant the recommendation of an award.

Of the ¢ ventilating ’ grates in which the former prineiple is used, the best appeared
to be E. H. Shorland’s ¢ Manchester ’ grate for bituminous coal ; that of Yates, Haywood
& Co., for anthracite; and the * Ingram’ grate, shown by Clark, Buunett & Co., which
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ﬁava satisfuctory results both with Wallsend eoal and anthracite ; to each of which we
ave recommended the award of a silver medal.

An apparently very good ventilating grate was also shown by Robert H. Griffin, but,
as this was not tested (we understand at the desire of the exhibitor), we have not
been able to make any recommendation with regard to it.

We have recommended for * honourable mention ’ G. Haller's Kohlhofer stove, which
may be used as a ventilating grate, and Rosser & Russell’s firebrick ventilating stove.

Of other open grates, we consider the best to be the Coalbrookdale Company’s ¢ Kyrle’
grate for anthracite, and M. Feetham & Co.’s basket dog-grate, for which we have proposed
silver medals. The latter gave, with Wallsend coal, very good results as far as heating
and visible smoke were concerned ; but this was one of the few instances in which con-
siderable efficiency was attained notwithstanding the somewhat incomplete combustion
shown by the tests made by Professor Chandler Roberts, This grate has a down-draught.
We have also recommended a bronze medal for T. E. Parker’s ¢ Vencedor® grate, for the same
reasons. It is, however, a little doubtful whether this should not have been placed
in the class of stoves, as, although it has an cpen front, it stands clear of the chimney
opening, thus giving off heat to the room from the back, top, and sides, as well as the
front.

Michel Perret’s grate for anthracite developed great heating power and radiation,
the tests showing that the combustion of the fuel was fairly perfect. This grate is, as far
as we know, a complete novelty. The recess of the fire-place is lined with firebrick at the
sides, back, and top, a narrow slit of 21 inches wide being left at the front edge of the
top for the escape of the products of combustion. The fire is made in an open iron
basket grate, set against the back of the recess, and supported on iron legs. The whole
of the interior of the recess becomes very much heated, and there is a powerful radiation
from it. A possible objection to this grate would seem to be that, under adverse
eircumstances, the products of combustion might be diffused into the apartment.
This, however, we had no means of testing. We have considered it deserving of a
bronze medal.

The principle of W, I. Henry’s Smoke-purifyer is, we believe, novel, The grate was
somewhat deficient in radiant power, but the arrangement for getting rid of smoke
appeared to answer fairly well; and we have, therefore, recommended a bronze medal.

Among the close stoves the most remarkable was that exhibited by C. B. Gregory,
of Beverley, New Jersey. In the form shown, it was, perhaps, rather more a ¢ furnace’
than a stove applicable to domestic purposes. It was enclosed in a cubical casing
of cast-iron, lined with firebrick, The fresh fuel is charged into a steeply inelined
hopper of firebrick, and falls upon a horizontal grate. Air is admitted to the fuel at
the lower part of the hopper, and through the grate. Air is also admitted at the front;
it. passes along the sides in contact with and heated by the hopper, and is discharged at
the throat of the furnace in two streams from opposite sides, meeting and mingling with
the half-burned gases from the fire. Complete combustion is thus effected. When
tested with an hourly consumption of 21 lbs. of Wallsend coal, no visible smoke
was produced, a result not attained by any other apparatus. Its heating power,
as will be seen by a reference to the tables, was very great, too great, in fact, to be
satisfactorily tested in the largest of the rooms at the disposal of the committee.
R. W. Crosthwaite exhibited an Armstead’s stove with Gregory’s improvement,
which gave excellent results. So did J. Cornforth’s ¢Little Wonder’ stove, the
bottom bars of which are hollow, air heated by passing through them being admitted at
the back to support combustion and prevent the formation of smoke. For each of these
three stoves we have recommended a silver medal.

J. F. Farwig & Co.’s ¢ Calorigen’ stove and J. Dunnachie’s ¢ Star’ stove gave good
results with bituminous coal, and we have recommended bronze medals for them.

Among the stoves for burning smokeless fuel there were two, that of Franz Linholdt,
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and the * Crown Jewel’ of Harry Hunt, both of which we have recommended for bronze
medals, in which a somewhat novel feature, the ¢ base burning® arrangement, is intro-
duced, which appears to give satisfactory results in improving the efficiency of the fuel.
The former is also provided with a good automatie feeding arrangement, and the supply
of the fuel can be so regulated that combustion is maintained with a very small
expenditure, and the fire will burn for twenty-four hours or longer without attention.
Visible smoke was, however, at times emitted during the tests, even when anthracite
was used, and for this reason we have not considered it entitled to a higher award.

We have also recommended for bronze medals the ¢ Premier’ stove of W. Barton,
Musgrave & Co.’s well-known slow-combustion stove, and that of H. J. Piron, of Hodiment
( Belgium).

A stove exhibited by the Rev. H. J. Newcome, in which the smoke is made to
traverse horizontal iron pipes, and in which a considerable portion appears to be
deposited as soot, and which impart heat to the room, gave results so far satisfactory as
to entitle it to honourable mention.

We also recommend for honourable mention Doulton & Co.’s ¢ Tile’ stove, which,
though it has no special arrangements for getting rid of smoke, gave fairly good results
in this respeet, and was very efficient as regards heating power,

The following is the list of awards recommended in this seetion :(—

LIST OF AWARDS,
(FRATES AND STOVES.

(a) Open Grates for Bitwminous Coal.

To Brows & GREEN, Luton, Beds., for Under-fed Grate, Gold Medal,

To CrLark, BusNert & Co., Rathbone Place, Oxford Street, for Ingram’s Grate,
which gives good results, both with Wallsend and Anthracite, Silver Medal,

To E. H. SHORLAND, St. Gabriel’s, Manchester, for ¢ The Manchester Ventilating
Grate,” G. L. Shorland’s patent, Silver Medal.

Te E. R. HorLraxps, Newington Green, London, for Under-fed Grate, Bronze
Medal,

To H. E. HooLE, Sheffield, Radiating and Reflecting Grate, with Side Hopper,
Bronze Medal.

To M. Feeraam & Co., Clifford Street, London, for Basket Dog Grate, Bronze
Medal.

To J. M. StasLey, Rhyl, for Hopper-fed Grate, Bronze Medal.

To T. E. PARKER, Battersea Park, for ¢ Vencedor ° Grate, Bronze Medal,

To W. I. Hexry, for Reeve & Henry's Smoke-purifyer, Bronze Medal.

To Dovvroxy & Co., Lambeth, for Tile Grate, Honourable Mention.

To Rosser & RussgnL, Charing Cross, for Fireclay Grate, Honourable Mention.

To GrorGE HALLER & Co., Lime Street, for Kohlhofer Hot-Air Stove, Honourable
Mention.

() Open Grates for Smokeless Fuel.
To TuE CoaLBroOKDALE CoMPANY, Coalbrookdale, for * Kyrle ' Grate, Silver Medal.
To Yartes, Haywoop & Co., Upper Thames Street, for Back and Side Draught
Ventilating Grate, Silver Medal.
To M. PERRET, Paris, for Radiating Stove, Bronze Medal.
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(e) Close Stoves for Bituminous Coal.

To C. B. GrEcory, Beverley, New Jersey, for Smoke-Burning Furnace, Silver
Medal.

To Jonx CornroRTH, Birmingham, for the ¢ Little Wonder * Stove, Silver Medal.

To R. W. CrosTHWAITE, Upper Thames Street (with Gregory’s improvement),
Silver Medal.

To J. F. Farwic & Co., Queen Street, London, for ¢ Calorigen’ Stove, Bronze Medal.

To J. Dusyacaig, Coatbridge, for Star Heating-Stove, Bronze Medal.

To Rev. H. J. NEwcoMmE, Barnet, for Air-Warming Stove, Honourable Mention.

(d) Close Stoves for Smokeless Fuel.

To W. Bartox, Boston, for ¢ Premier ' Gill Stove, Bronze Medal.

To Franz Lixuovpt, Frankfort-on-the-Maine, for Anthracite Ventilating Stove,
Bronze Medal.

To MusGgrave & Co., Belfast, for Slow-Combustion Stove, Bronze Medal.

To H. I. Pirox, Hodimont, Verviers, for Hot-Air Stove and Ventilator, Bronze
Medal.

To Harry Hunt, Newington Green Road, for ¢Crown Jewel® Stove, Bronze
Medal.

For a description of each article that was tested in this section, and particulars of the
resulls of the tests, see Mr. Clark's Report, page 46,
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IT. REPORT OF THE JURORS ON COAL-BURNING KITCHENERS.

THERE was considerable variety in the design of kitcheners burning coal, nineteen of
which were submitted for testing., Several of them were specially designed for burning
bituminous eoal without smoke, others for burning anthracite, others for burning eoke,
with the aid of gas, and others were distinguished by special -::Untruam,ﬁs for economis-
ing fuel.

Referring to the report of Mr. Clark, the Testing Engineer, it appears that the con-
ditions varied conziderably for different kitcheners, with regard to dimensions as well as
to eapacity. Yet it is satisfactory to observe that the kitcheners which were the most
economical in fuel were amongst the largest. Though Mr. Engert’s and Brown & Green’s
kitecheners made the least smoke, in burning bituminous coal, they were not low in eon-
sumption of fuel. It appears to the jury that those exhibitors whose kitcheners eom-
bined most effectively the conditions of economy of fuel, low smoke-shade, and quality
of work, were the following, to whom they recommend awards :—

LIST OF AWARDA.

KITCRENERS.

To T. J. ConsTaNTINE, Fleet Street, for Treasury Range, a Silver Medal.
To THE EAGLE RANGE axD Fouxpry CoMpany, Fleet Street, a Silver Medal.

To TueE RapiaTor RANGE Company, Cannon Street, whose kitchener is of novel design,
and combines facilities for front-roasting in conjunction with oven-roasting, a Silver

Medal.

To Brown & GREEN, Luton, who adopt a novel method of under-feeding, with means of
roasting in front, a Silver Medal.

To Tue FaLkirg Iron Company, Upper Thames Street, who adopted a novel meodifi-
cation of Dr. Siemens' system of gas-and-coke fire, for roasting and baking, a
Silver Medal.

To Newton, CHaMBERS & Co., Sheffield, for their Thorneliffe Range, a Bronze Medal.
To W, StoBps, Pimlico, for the Anthracite Range, a Bronze Medal.
To M. FeetaaM & Co., Clifford Street, for their W.F.8. Kitchener, a Bronze Medal.

For a description of each avticle that was tested in this seclion, and particulurs of the
results of the tests, see My. Clark’s Report, page 96.
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III. REPORT OF THE JURORS ON GAS COOKING-STOVES AND GAS
HEATING-STOVES.

Tae display of apparatus for the application of coal gas to cooking and heating

oses was very extensive and complete, not only reflecting great credit upon the
exhibitors, but also proving to demonstration the great capabilities of coal gas as a
substitute for solid fuel in the household, the workshop, and the manufactory. Especially
is this of importance when it is remembered that no other kind of fuel ean promise
more for the abatement of smoke ; none being so readily or even universally accessible,
and at the same time, when properly used, so absolutely smokeless in its character, and
convenient of application. To the public it will be of interest to know that the advantage
of cleanliness and convenience may be largely secured, not only without pecuniary loss
as compared with the cost of coal, but in many instances with positive gain.

For cooking purposes there were exhibited stoves of every size and capacity, from
the small griller, suitable for cooking a simple chop, to the large roaster, adapted to
the requirements of the most extensive establishments, the most numerous being stoves
suitable for every-day use in families of about twelve persons, from which a selection
was made for practical testing. As compared with previous gas exhibitions it was
noteworthy that a considerable advance had been achieved, in style and finish no less
than in completeness and adaptation to the varying necessities of the kitchen. For in-
stance, with scarcely an exception, all the medium-sized cooking-stoves were adapted
for grilling ; this operation being effected upon the top, and by means of the same
burners that are provided for boiling purposes; so that with an almost inappreciable
consumption of gas a breakfast may be cooked in a very short space of time, and the
labour and expense of fire-lighting altogether avoided. The trials of the cooking
stoves were supervised by Mrs. Charles Clarke, the Lady Superintendent of the
National Training School for Cookery, South Kensington, who kindly volunteered to
asgist at the tests, details of which are given in the report of the Testing Engineer.
The stoves submitted to the jurors for examination were uniformly satisfactory, although
exhibiting a wide range of consumption, some requiring for the same description of work
fully three times as much gas as others. The general tendency, however, amongst manu-
facturers is evidently towards the study and application of economieal prineiples ; in
which some have been already conspicuously successful, while still leaving room for
further improvement. The fact that a 12-1b. joint can be cooked in London at a cost
of very little more than a penny for gas, with a prospect that this may reduced, ought
to prevail with many a householder to try gas cooking, if only as an auxiliary to Fis
present appliances.

Without doubt there is a great future before gas as a heating agent, and too much
publicity cannot be given to the various uses to which it can beapplied. For so simple
a purpose as ironing, the laundress may be materially assisted by such an arrangement
as was exhibited, for keeping irons continually hot while in use by means of u
gas jet. For the rapid heating of water for ‘the supply of baths and other domestic
purposes gas was shown to lend itself with great facility, the action of the heaters
consisting of the application of the gas to a stream of water on its flow from the
pipe or cistern to the point of use, the temperature being raised in proportion to the
quantity of gas used and the volume of water delivered.

D
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Heating-stoves were represented by almost every conceivable form, from the
suspended fire basket to the elaborate and scientifically constructed ventilating stove.
The latter class claim special attention, as being calculated in an eminent degree to
promote sanitation. A ventilating stove when properly constructed and put in action
may be made to secure a constant ingress of warmed fresh air, and thus any desired
temperature may be maintained in a room without sensible variation for almost any
length of time, and without the trouble of attendance and regulation. At the same
time the products of combustion are carefully got rid of—a point of great importance,
and upon which it is impossible to lay too much stress; especially as it is a condition
which may in all cases be satisfactorily fulfilled without much waste of heat. For
cooking-stoves a cheap hood of wrought iron placed overhead, and communicating with
a flue or with the outer air, effectually prevents annoyance from the escaping products
of combnstion, or the smell given off while cooking is going on.

The tests which were made with the various heating-stoves exhibited, show that
any room of moderate dimensions may be effectually warmed with a consumption of gas
not. exceeding from 10 to 15 feet per hour.

Gas fires are deservedly becoming popular on account of their cleanliness and
convenience, requiring no attendance when alight, and thus saving in many instances
a very appreciable sum per annum in servants’ wages. They are not, however, so
economical in point of consumption as heating-stoves, their effect depending mainly
upon the amount of radiant heat which they are capable of producing, so that probably
not more than one-third of the total heat produced by the combustion of the gas is
made available in this form; nevertheless improvements conducing to greater economy
were observable in gas fires, a very fair effect being in some instances produced with
a consumption of not more than 18 to 20 feet per hour. As a matter of course gas used
in this way cannot be so economical as solid fuel, with which it compares favourably
only when the heat evolved by it can be completely utilised ; and the desire of the publie
for a cheerful, clean, and at the same time economical fire has been sought to be met by
combining with gas some form of solid fuel. A noticeable feature of the Exhibition was
the frequent adoption of the form of fire introduced by Dr. Siemenps, consisting of a
combination of gas and coke or gas and anthracite coal, evineing considerable attention
to the principle on the part of the exhibitors. The jurors, however, were not convinced
by any of the examples shown, that any distinet advantage is the result of such a com-
bination beyond the fact that, by the occasional aid of a gas flame, the combustion of
coke may he sustained more satisfactorily than when used alone and under less favour-
able conditions as regards draught. As a smokeless and comparatively inexpensive fire,
they have regarded the combination as one deserving consideration. At the same time
they would urge the convenience of gas when used as a simple fire-lighter, a very useful
device for which was exhibited by Messrs. Strode & Co.

The application of gas to manufactures was mainly represented by a form of
tinman's stove exhibited by the Lancashire Gas Meter Company, in which the prineiple
of the blowpipe is introduced with considerable advantage, and by the exhibits of
Messrs. Thompson Brothers of Leeds. This firm for the first time publicly exhibited
their gas kiln for burning pottery and stained glass, and for annealing and bending
glass. The jurors were led to the opinion, as the result of their examination, and
inquiries respecting this kiln at the manufactories where it was in use, that it isa
highly suceessful example of the application of gas in the ordinary way to an entirely
new field, in which it contrasts most favourably with solid fuel. The furnace is eapa-
ble of being raised to a temperature of upwards of 2,000° Fahrenheit ; and it appears
from the statements of the users—namely, Messrs. Powell & Co. of Whitefriars, and
Messrs. Britten & Gilson of Union Street, Southwark—that whereas, with the old method
of a muffle, heated by solid fuel, a single fire occupied the whole day, the gas kiln
can in the same period be fired as many as six times. There is thus a very important
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advantage gained in the saving of time, since the different colowrs used in glass-
staining have to be separately burnt in; but in addition to this the saving of labour
is appreciable, while the cost for fuel remains the same, or, if any variation, less,

Messrs, Thompson Brothers also exhibited a small baker’s oven, heated by gas upon
similar principles, which gave every indication of proving a success. It is needless to
observe that a great improvement is thus in prospect over the present wasteful, labor-
ious, and even barbarous system of firing bakers’ ovens, which produces vast quantities
of smoke, and materially pollutes the atmosphere.

There was a considerable variety in the display of gas engines, giving satisfactory
evidence of the activity of invention in this direction. It cannot be too generally
known that the direct application of fuel in a gaseous form for conversion into motive
power is far more economical than the use of the same fuel for the production of steam
in a boiler ; and the remark applies, only in a less degree, to a majority of cases in which
ordinary illuminating gas is employed in connection with engines of moderate power ; nor
need it be regarded as a mere matter of speculation as to whether or not the gas engine
will displace the steam engine, seeing that such displacement has already commenced, and
that in every town of importance the number of such engines may be counted by hundreds,
notwithstanding the comparatively short time that has elapsed since it was brought by
the labours and inventive genius of Otto and of Crossley to its present state of com-
parative perfection. The jurors, not having had an opportunity of examining minutely
and testing the various gas engines exhibited, are not in a position to make any award
for them.

Improvements in the use of gas for illuminating purposes formed a conspicuous part,
of the Exhibition, notably the lamps of Messrs. Sugg & Co. at the entrance in the
Exhibition Road and near the lecture-room, and those of Messrs, Siemens in the
conservatory. Great advances have been made of late years in this direction, and
burners are now made that give a largely increased amount of light for the same
consumption of gas over those that were to be obtained a few years ago, although 1n
too many instances the old burners and globes are still in use, and most of them are
not giving the amount of light that is due to the gas consumed. In connection
with burners, regulators of various forms and types were exhibited, These are very
useful instruments, and their adoption is caleulated to bring the use of gas into more
general favour, as by them the supply to the burners is adjusted to the correct quantity
and kept uniform.

As the supply of gas for illuminating purposes and its regulation cannot be con-
sidered as directly conducive to the abatement of smoke, the jurors did not consider
themselves justified in making any awards to the Exhibitors of apparatus having this end
in view, although they at the same time feel that much valuable and praiseworthy work
was shown by many Exhibitors.

From the large amount of gas apparatus exhibited, and the attention that is now
being given to its manufacture, it would appear that the use of coal gas as a fuel is likely
to spread largely, and to become one of the readiest and most practicable means of
abating the smoke nuisance in London and other large towns.

The jurors have divided the coal-gas exhibits into two grand divisions:

1st. Cooking-stoves.
2nd. Heating-stoves.

They have subdivided the cooking-stoves into

(@) Stoves suitable for families of about twelve persons.
(b) Stoves suitable for large establishments.

And the heating-stoves into—

(¢) Close stoves, from which the heat is conveyed into the apartment by
D2
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conduction from pipes or chambers, through which the heated products
of combustion pass.

(d) Open stoves, or eombination fires, in which gas is burned in combination
with solid materials, and the heat radiated into the apartment.

(¢) Gas baskets, or fires, from which the heat is conveyed by radiation.

For a general description of the exhibits, see the reports of Mr. D. K. Clark, Testing
Engineer to the Committee,

In making the awards for the cooking-stoves, the jurors have considered chiefly the
amount of gas required to do a certain amount of work, and the manner in which the
work was done, at the same time bearing in mind the workmanship and construetion of
the stoves, their finish and probable durability, coupled with price, also the facilities
for doing the work, and any special features with which each one was eredited.

And, for the heating-stoves, the amount of gas and other fuel consumed in a given
time, coupled with the temperature to which the air of the apartment was raised, the
ventilation produced, and the means of removing the produects of combustion, also the
general appearance of the stoves, their workmanship, and adaptability for domestic use.

The following is the list of awards recommended in this section :—

LIST OF AWARDS.
(ras OVEXN.

To TroMmrsoN BroTHERS, Leeds, a Gold Medal for their Patent Kiln and Baker's
Oven, being a distinetly new application of the use of Coal Gas, and one
calculated to largely promote the abatement of smoke,

(Gas CoORING-STOVES.
() Stoves suitable for families of about twelve persons.
To H. & C. Davis & Co., Camberwell, Silver Medal.
To BEVERLEY & WYLDE, Leeds, Silver Medal.
To J. WriGHT & Co., Birmingham, Silver Medal.
To J. C. Starg & Co., Torquay, Silver Medal, in recognition of the principle

adopted by them of burning the gas outside the oven in which the cooking
is carried on.

"To Biuuing & Co., New Oxford Street, Bronze Medal.

To 8. LEont & Co., New North Road, London, Bronze Medal.
To CrarLES WiLson, Leeds, Bronze Medal.

To WappELL & Maix, Glasgow, Bronze Medal.

(b) Stoves switable for large establishments.
To J. Stater & Co., Holborn, Silver Medal, for Excellence of Material and
Workmanship.
Gas HEATING-STOVES.
(¢) Close stoves, from which the heat is conveyed into the apartment by conduction from

pipes or chambers, through which the heated products of combustion pass.

To J. C. StaRK & Co., Torquay, for Cox’s Ventilating Gas Stove, a Silver Medal.
To THE SaniTARY AND Ecoxomic SuppLy Associarion, Gloucester, for Dr. Bond's
Euthermic Ventilating Stove (Pattern A), a Silver Medal.
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() Open stoves, or combination firves, in which gas is burned in combination with
solid maferials, and the heat radiated into the apariment.
To WappeLL & Maix, Glasgow, for Dr. Siemens’ Gas-and-Coke Fire, a Bronze
Medal.

To G. WricHT & Co., Rotherham, for Dr. Siemens’ Gas-and-Coke Fire, a Bronze
Medal.

(e) Gas baskets, or fires, from which the heat is conveyed by radiation.

To 8. Leont & Co., New North Road, London, for Hanging Gas Fire, a Bronze
Medal.

For a description of each article that was tested in this section, and particulars of the
results of the tests, see Mr. Clark’s Report, page 102,
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Two systems of generating combustible gases from solid fuels were exhibited. The
Wilson Gas-producer, exhibited by Bernard Dawson, is a vertical chamber, about 10 feet
deep, kept nearly full of small bituminous coal. A mixture of air and steam, comprising
20 parts of air to 1 part of steam by weight, is delivered into the lower part of the
chamber, the air being induced by two small jets of steam. The fuel is resolved into
the combustible gases, carbonie oxide and hydroearbons, in the manner of the ordinary
gas furnace ; and the cost of production of the heating gas is, it is said, less than a
halfpenny per 1,000 cubic feet, This statement was not submitted to proof by any
form of test; and it remains to observe that the gas-producer exhibited by the Dowsen
Economic Gas Company, for the production of cheap gas, was tested with good results.
- It was proved that the cheap gas could be produced at a cost, including general charges,
of 4d. per 1,000 cubic feet, and that it was successfully and economically applicable, not
only as a heating agent, but also a motive power.

The jurors recommend that the following award be made : —

To TrE Dowson Ecowomic Gas CoMmpany, Great Queen Street, Westminster, for
their system of producing Cheap Gas; and the applicability of the gas as a
generator of heat, and as a motive agent, a Gold Medal.

For a description of the Dowson Gas-producer, and particulars of the vesults of the
tests, see Mr. Clark’s Report, page 112.
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V. REPORT OF THE JURORS ON APPARATUS FOR HEATING ROOMS AND
BUILDINGS BY HOT AIR, HOT WATER, AND STEAM CIRCULATION.

THE jurors have confined their attention to the Hot-Water apparatus exhibited, which
alone was subjected to tests sufficient to establish the relative efficiency of different appa-
ratus. Three systems of warming by hot water were tested — distinetly different from each
other, and affording instructive contrasts :—Franklin, Hocking & Co.’s system, consisting
of two eircuit-lines of hot-water pipes, placed near the walls ; Deards’ system, consisting of
a coil of water-tubing which formed the fire-place, and was connected with a cistern, and
in which water was rapidly heated and circulated ; and Stainton’s, in which, also, a coil
of water-tubing formed the fire-place; and in which, with an extensive coil in the middle
of the room, the heated water was circulated under very high pressure, and, of course, at
a high temperature,

The drift. of the evidence points to the greater efficiency of the smaller circulating
piping ; and the jury recommend that the following awards be made :—

LIST OF AWARDS.

To W. & S. Dearns, Harlow, Essex, for their Coil Heating-Apparatus, a Bronze

Medal.
To W. Sraivton, Liverpool Street, King’s Cross, for his Frost-Proof Hot-Water

Apparatus, a Bronze Medal,

For a description of the articles that were tested in this section, and particuluars of the
results of the trials, see Mr. Clark's Report, page 115.
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VI. REPORTS OF THE JURORS ON STEAM BOILER APPLIANCES,

From the point of view of the Exhibition, this class of appliances are of special
interest, as it was by their aid that the first efforts were made to abate the nuisance
arising from smoke. James Watt appears to have suggested (1783) the use of smoke-
consuming boiler furnaces, fed with cold air; but in 1801 Roberton adopted an
arrangement. devised by Watt, in which cold fuel was fed behind the incandescent mass
on to a slightly inclined grate. On the other hand, Darcet in France, and Parkes in
England, seem to have been the first to attempt the solution of the problem by an alter-
native scheme, which involved the admission through the fire-bridge of a stream of
heated air, with a view to complete the combustion of the smoke and gaseous products;
while a third scheme was patented in 1837 by Fairbairn, who provided two grates, and
so arranged the stoking that when one furnace is in full combustion, the gaseous pro-
ducts from the other pass over a mass of inecandescent fuel, the direction of the combus-
tible gases and smoke being alternated from time to time.

Numerous plans for the prevention of smoke followed the efforts of James Watt,
but in this country the question does not seem to have assumed public importance
until 1829, when a Select Committee of the House of Commons specially considered the
effect of factory furnaces in relation to public health; and in 1843 another Committee
inquired into the *means and expediency of preventing the nuisance of smoke.” Since
that time the use of mechanical appliances for lessening the production of smoke has
gradually increased.

Great progress has been made since the beginning of the century in the use of
waste gases of blast and other furnaces for heating steam boilers, and knowing how much
has been done in this direction, the jury cannot refrain from expressing their disappoint-
ment that no form of boiler furnace was submitted to them in which fuel is converted
into gas before it is used for heating the boiler.

The jurors find that much misconception prevails as to the economy attending the
combustion of smoke. It is urged, even by modern authorities, that the combustion of
smoke is not economical, because the excess of air which it is necessary to introduce
through the fire to effect the combustion of smoke has to be heated, and the heat so
applied more than balances that produced by the combustion of the smoke. As regards
actual sooty smoke, the solid carbon in which probably does not exceed 1 per cent. of
the amount in the fuel burnt, this view may be correct, but the completion of the com-
bustion of invisible carbon present in the gaseous products, as carbonic oxide or as hydro-
carbons, is certainly remunerative, and the tests made by Mr. D. Kinnear Clark show that
increased efficiency, measured by evaporative power of the fuel, was obtained by the use
of many of the various appliances exhibited.

The jurors also find a widespread belief that a careful stoker can attain by skilful
treatment of the beiler fire all the effects that a mechanical smoke-consuming appliance
will yield, and the uniformity with which ¢mechanical stokers” act has often been
urged as a reason against their use. With reference to this point, the jurors comsider
that marked advance is shown by the care taken in devising appliances to meet the
requiremnents of daily practice, and they are satisfied that mechanical appliances

e
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may readily be adjusted so as to meet the changing needs and conditions of the furnace,
and that they are, in the end, less costly than the skilled labour required to produce
equal results by hand-firing.

MECHANICAL STOKERS.

Mechanical stokers are designed with the following objects: viz., the substitu-
tion of mechanical power for the manual labour of the stoker, the delivery of a small
and continuous supply of fuel to the furnace in the place of the larger quantities cast
in by hand from time to time as required, and the constant movement of the fire-bars by
which the adhesion of masses of clinker to the bars is prevented, thus permitting at all
times the free access of air beneath the fire to promote combustion.

The use of mechanical stokers is of the greatest importance in abating smoke,
Not only is the saving of labour very considerable and the saving of fuel most marked,
but in nearly all the forms shown in the Exhibition and tested while in operation, smoke
was during their working either entirely avoided or much reduced in amount, but most
of them require occasional assistance by band, thus showing that they are still open to
further improvement.

The mechaniecal stokers exhibited are divisible into two classes, viz. :

I. Those delivering the coal in the front of the fire, where it is gradually coked
and pushed backwards over the fire-bars.

II. Those which operate by spreading or scattering the fuel over the whole
surface of the grate.

In Class I. we have the following :—

Vicars' PATeNT SELF-STOKING SMOKELESS FURNACE.

In this the alternate fire-bars are lowered and drawn towards the front of the boiler,
and then the whole of the bars travel forward together, The feed of fuel is effected by
pushing the coal in from hoppers placed in front of the boiler, and down which it passes
to the faces of the plungers or rams. The fire-bars have a stroke which can be adjusted
from 0 up to 4”. The motion is derived from an over-head shaft, provided with an
eccentric at each end, working a ratchet wheel and pawl by which a horizontal shaft on
the front of the stoker is made to revolve. The bars take their motion from the horizontal
shaft by means of cams. The cams are so designed that one set of alternate bars is
lowered, drawn towards the face of the furnace, and raised. The other set of bars then
goes through the same movement, and the eycle is completed by both sets of bars being
thrust back into the furnace together. The speed of the horizontal shaft and fire-bars
can be adjusted from 30 to 120 revolutions per hour by varying the travel of the pawl
on the ratchet wheel. When required, the furnace can be fired by hand through a door
between the rams.

SivcLAIR'S MECHANICAL SELF-ACTING STOKER.

In this the coal is fed into the furnace from a hopper, as in Vicars's, but the feed is
varied by the adjustment of the stroke of the ram from 14" to 4”. The fire-bars are in
five sections, each section consisting of three bars, the outer bars being flanged and the
centre one being of the herring-hone section. The far end of the centre bar is bevelled,
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and rises on a eross bearer as it is pushed back, so as to break up clinkers forming at the
further end of the furnace. The motion of the fire-bars and the ram is taken from a five-
throw crank shaft placed in front of the boiler, from each of which a short connecting
rod gives motion to a section of three bars. The shaft is driven by a spur wheel and
pinion and a belt pulley, and can be thrown out of gear by a clutch. The speed of the
crank shaft is one revolution in 1} minute. There iz no means of varying the ratio of
the speeds of crank shaft and driving pulley. During the time this stoker was being
tested the quantity of water evaporated per pound of coal was much lower than in some
other forms exhibited, but on the other hand, the boiler being only temporarily erected
was not set in brick-work or coated, and the coal employed was of a very inferior
description. The excellence of this stoker was shown by the complete absence of smoke,
and by the efficient manner in which it dealt with the heavy masses of clinker formed.

Knar's Mecuaxicar Stoker.—Exhibited by the Patent Simﬁ; Boiler Company.

In this mechanical stoker the hopper from which the fuel is fed is provided with a
slide, by which the supply to the crushing and feeding roller may be varied or entirely
cut off, After passing the roller the eoal falls down an inclined plane to the front of the
pusher, which delivers it on to the dead plate and thence to the fire-bars, five of which are
movable and six fixed. The movable bars are hooked al the front end and rest on
a cross bar, to which a reciprocating motion is given by a pair of side levers working on
a pivot, and which also give motion to the pushers. The entire mechanism is simple
and well arranged, and is net liable to get out of order, but when tested it did not
entirely prevent smoke.

McDovearr's MEecHANICAL StoRKER.—Exhibited by the Chadderton Ironworks
Company, Limited.

This is somewhat similar in arrangement to Sinclair’s. The whole of the bars are
movable, and rest at their front end on a horizontal shaft of Bessemer steel. The shaft
consists of a succession of cranks or eccentries of -inch throw, turned on three centres
pitched at angles of 120 degrees apart. The far ends of the fire-bars rest on a bevelled
cast-iron bridge, causing each bar to rise or fall as it is pushed forward or withdrawn.
Each bar rests at its front end on its own eccentric or erank, thus its motion is one
third of a revolution before or after that of each of its contiguous bars. The motion of
the crank shaft is derived from pulleys of three speeds. The ram or pusher is of a less
depth at the centre than at the sides, by which means the supply of fuel is kept lower
at the centre. The coking plate upon which the fuel is first passed projects a short
distance into the furnace, to facilitate coking, and is provided with apertures for the
admission of air, thus the fuel is readily ignited before reaching the bars.

In Class II. we have :—
James Procror’s MECHANICAL STOKER AND MovasLe FIRe-BARS.

In this a single hopper is placed between the two flues of the boiler. A ram
at the bottom of the hopper pushes the fuel alternately to the right and left along two
horizontal passages leading to a shovel box at each end, facing the flues. From each
box a shovel, actuated by the release of a spiral spring, projects the coal into the
furnace. The shovels are withdrawn to a different extent in each of three successive
strokes by three cams giving a different degree of extension to the springs, thus
imparting a different velocity of projection to the coal and causing it to fall on a portion
of the furnace varied for each of three successive strokes. The springs can be adjusted
to give the impulse required, and the impact of their recoil is softened by buffers. A
flap door is provided for hand-firing when required. The fire-bars are rocked by a hand
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lever in front of the furnace. When tested this stoker showed a light but continuous
smoke, which was less than half that produced during hand-firing.

Holroyd-Smith’s (Knowles and Halstead) and J. Newton and Son’s mechanical
stokers, are deseribed in Mr. Clark’s Report, pages 130, 131.

FIRE-BRIDGES, FIRE-BARS, FURNACE-DOORS, STEP AND INCLINED
GRATES, &c.

The system of admitting air through a perforated fire-bridge, at a sufficiently-
elevated temperature to effect the more or less complete combustion of the fuel, is so
well known that it is not necessary to dwell on the principle. It may be added, however,
that the Committee are of opinion that any system by which air is introduced with a view
to complete the combustion either of gaseous or of solid fuel, that has been imperfectly
burnt on the grate of the furnace, is objectionable, and is not likely to lead to the most
economical results; and, further, in cases in which the amount of air introduced cannot
be controlled either automatically or by hand, waste may arise in two ways: either
sufficient air may not be admitted, in which case fuel will be wasted ; or too muech air
may pass through the furnace, and thus lead to waste of heat.

Cast-1roN Fine-pripgE.—Ezhibited by Chubb & Co.

A hollow cast-iron bridge is applied at the back of the fire-grate of internally-fitted
boilers. Its end elevation is semicireular, and it is faced on the side next the fire with
a thick tile of fire-clay. Two semicircular cast-iron wedges are so placed between the
external walls of the bridge as to leave three transverse slots, each about an inch wide,
through which streams of heated air are supplied to the flame as it passes over the
bridge, the semicirecular form of which promotes the admixture of the air with the
combustible gases and smoke. There isalso a fourth slit, a lateral one, opening through
the wall of the bridge nearest the fire. Air is admitted from the ash-pit to the bridge,
the supply being regulated by two valves, one of which gives access to the lateral slit.
The tests to which this appliance was submitted showed that smoke of a low degree
of density was only emitted for a few minutes, and that during 98+4 per cent. of the
time no smoke could be detected.

TusvLar Fire-Brivge.—Exhibited by Ireland & Lownds.

It conmsists of a number of cast-iron tubes bent thus T}, the horizontal limhs
of which are laid on the masonry of the fire-bridge of the furnace, while the other hangs
down on the side next the fuel, and reaches below the fire-bars to the ash-pit. Air
enters from the ash-pit, and is delivered at the upper end of each pipe through a
horizontal grating. The air, after being heated by transmission through the pipes,
thus meets the combustible gases from the fuel. The appliance proved efficient in
consuming the smoke of a very bituminous coal, the pressure of steam being materially
increased by its use while the amount of fuel eonsumed was diminished.

VERTICAL GRATES IN A BoILER Furnace.—Exhibited by the Wavish Patent Fuel
Economiser Company.

A tube runs nearly along the axis of the fire-place of a Cornish boiler, and water
circulates through this tube. On each side of the tube, but at a lower level, a nearly
solid horizontal plate is arranged. These level dead plates extend the whole length of
the furnace, and sloping grates rising from them serve to support the water tube. In
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charging the furnace, these sloping grates are almost entirely covered with fuel, which
reaches half up the tube. Air enters through the sloping grates, and the result is
complete prevention of smoke when hard steam coal is used.

Ax ¢ Usper-rep’ Staer Grate.— Exhibited by James Farrar & Co.

This is a modification of the well-known ¢step’ grate devised for burning
bituminous coal in a fine state of division. The steps on which the fuel rests are arranged
in four stages, each of which is 9 inches above the other. The first, second, and third
from the top are formed of plates 3} feet wide, terminating, on the fuel side, in grates
partly horizontal, and partly inelined thus,™ . The fourth and lowest stage is a
horizontal grate, and on it clinkers and ash are eollected. The important feature of
the appliance consists in the facility with which the incandeseent fuel covering the steps
may be ‘under-fed ' by placing fine *slack’ coal on each of the stages, and by pushing
the fuel gently inwards. As is usual in step-grates, the fuel falls gradually from the
top to the bottom of the series of steps, so that an inclined bed of fuel is readily
formed. The tesls showed that no smoke whatever escaped from the chimney.

Orvis's Steam InjectoR.—Ewxhibited by the Great Britain Smoke Consuming Company.

It has long been recognised that the efficiency of the system of injecting air by means
of a steam jet, with a view to completing the combustion of fuel, depends on the
mechanical intermingling of the air and gaseous products of combustion which is thus
brought about. The tests showed that, in burning Welsh coal, the evaporative power
of the fuel was increased by the use of the appliance, whilst the smoke evolved was of a
low degree of density.

Brocksage's SMoxe-ConsuMER AXD FueL-EcoNouiser.— Exhibited by John Collinge.

It consists of an inclined grate, external to the boiler, and set in a fire-place of fire-
resisting clay slabs, These become strongly heated, and, by heating the air, completely
effect the combustion of smoke,

Bavraxcep Door.— Ezhibited by W. A. Martin & Co.

Of the numerous forms of furnace-doors exhibited, the jurors consider that this door
possesses the greatest merit, The supply of air can be readily adjusted by its aid, and the
test showed that the appliance was efficient in preventing smoke.

Liver's Merwon or Serting BoiLers.— Exhibited by the Livet Boiler and Furnace
Company.

The system consists in providing the boilers with flues which gradually enlarge as
they advance from the fire-place. The products of combustion after leaving the fire tubes
of Cornish or Lancashire boilers are conducted back to the front by a lateral flue of
larger sectional area than the internal tube or tubes collectively. The gases then pass
back again by a second lateral flue of still larger sectional area than the first. Two
capacious chambers are placed, one at each end of the boiler, for the collection of dust
and carbon, and the sectional area of the chimney enlarges towards the top. It is
asserted that, by Mr. Livet’s arrangement of enlarging flues, the draught is improved,
and, in consequence of the retarded veloeity of the current, a greater proportion of heat
is absorbed by the boiler than would be the case in & system of flues of uniform section.
Satisfactory evidence was afforded as to the increased evaporative power of the fuel
attending the adoption of the system, which also proved useful in preventing the evolu-
tion of smoke. The fire-bars are wedge-shaped in section, and being of unusual depth,
have been divided into an upper and a lower portion in order to protect them from
fracture by expansion.
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AtmosPHERIC CHIMNEY.—Exhibited by E. G. Wery.

M. Wéry's system of promoting draught and combustion, by spirally-directed
currents of cold air in the chimney, was original ; and it proved very effective.

The following is the list of awards recommended in this section :—

LIST OF AWARDS.

MECHANICAL STOKERS.

To Georce Sivcrair, Albion Works, Leith, a Silver Medal.

To T. & T. Vicars, 29 Seel Street, Liverpool, a Silver Medal.

To T Parent Steam Boirer Co. (Kxar's), 28 Heneage Street, Birmingham, a Bronze
Medal.

To Tue CusapperroN Irosworks Co., LimiTep, 10 Mark Lane, London, E.C. (M*Dovearr’s),
a Bronze Medal.

To James Procror, 5 Albion Terrace, Burnley Lane, a Bronze Medal.

Fire-Bripges.

To Cuuss & Co., of 28 New Bridge Street, London, E.C., for their Cast-iron Semi-
circular Fire-Bridge, Bronze Medal.

To Ireranp & Lowsps, of 46 West Street, Leek, Staffordshire, for their Cast-iron
Tubular Fire-Bridge, Bronze Medal.

Fire-Bars anp Grates.

To Tue Wavisa Parest Fuen EcoNomiser Company, 110 Cannon Street, London, E.C.,
for an Application of Vertical Grates in Steam Boiler Furnaces, Silver Medal.
To James Farrar & Co., Old Foundry, Barnsley, for Barber’s Under-Feeding Stage
Grate, Bronze Medal.
To Jonw Corringe, Wallshaw House, Oldham, for Blocksage’s External Inclined Grate,
Bronze Medal.
Fornace-Doors anp Firrines.

To W. A. Martiv & Co., Pocock Street, Blackfriars Road, London, E.C., for a Balanced
Fire-Door, Bronze Medal,

To Tue Grear Britaiy Suoxe Consvyivg Company, St. Stephen’s Chambers, Telegraph
Street, London, E.C., for Orvis's Steam Injector for Consuming Smoke, Bronze
Medal.

BoILER SETTING.

To Liver’s PATENT IMPROVED BOILERS AND FUkrNACE Company, Short Street, Finsbury
Pavement, London, for Mr. Livet's Method of Setting Boilers, and for Fire-Bars,
Silver Medal.

CHIMNEY.

To E. G. WERy, Paris, for his Atmospherie Chimney, Bronze Medal.

For a description of each article that was tested in this section, and particulars of
results of tests, see Mr. Clark's Report, page 118.
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VII. REPORT OF THE JURORS ON KILNS AND OVENS.

1. Mixtons' Smokeless Pottery Oven or Kiln was represented by a large drawing,
showing in full detail the design and construction of the oven as in operation at the
works of the exhibitors, at SBtoke-on-Trent.

The patents of General H. Y. I. Scott, granted in 1868. and 1869, were used
by Messrs. Mintons, and subsequently improved by them. In the earlier ovens,
the fuel was burned in feeders or mouths, disposed partly on the outer circum-
ference of the oven, and partly under the walls. On this system, much of the heat
radiated from the fuel, and contained in the gaseous products of combustion, was lost
in heating the brickwork., In Messrs. Mintons’ patent of 1873, the old feeders are
dispensed with, and the combustion of the coal is entirely effected inside, or in the hold
of the oven, so that the heat is directed on the saggers containing the ware, and economy
of fuel is effected. Besides, by the addition of a second chamber on the top of the oven,
means are provided for utilising the heat that passes from the oven, for hardening
printed ware, or for firing articles of pottery for which a low heat is necessary.

The feeders, of which there are a considerable number ranged round the oven, are
constructed on the prineiple of the gas furnace, in which the coals are piled on a grate
in a bed of considerable depth, from which the ecombustible gases, carbonie oxide and
hydrogen, are discharged. These are met by regulated supplies of air introduced in the
upper part of the furnace, for the purpose of effecting their complete ecombustion, with
an extended eirculation of the flame. The flues leading to the outer chimney are free
from inflammable gases, and they hold a sufficient proportion of free air to constitute a
highly oxidising mixture, securing richness of colour and glossiness in the glazed ware.
Taking into account that Mintons’ oven holds more goods than old ovens of equal
diameter, it is reckoned that the saving of fuel effected by Mintons’ oven is not less
than 40 per cent.

A deputation of the Committee— consisting of the following members: Dr. Siemens,
F.R.8., LL.D., Col. Festing, R.E. (Science and Art Department), Wm. R. E. Coles, C.E.,
accompanied by their engineer, D. Kinnear Clark—visited Mintons’ works on
December 28, 1881 ; and they inspected the under-mentioned ovens :—

One earthenware biscuit oven,
Two earthenware glost ovens,
Omne china biscuit oven.

They also inspected a large tile oven at the Campbell Tile Company’s Encaustic and
Floor Tile Works.

The ovens were firing in various stages, without the slightest trace of smoke from
the summit.

2. James Dusnacuie’s Continuous Regenerative Kiln, for burning hricks, pottery, &e.,
patented in 1881, was inspected in operation at the Glenboig Star Fireclay Works on
June 6, 1882, An actual test for consumption of fuel was not made ; but, from the
results of examination and inquiry, it would appear that the saving in fuel may be
estimated at fully 50 per cent. ; and that the saving in time of <full firing’ is equally im-
portant. The kiln is constructed to burn gaseous fuel, obtained from two producers,
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each of which is capable of decomposing 4 cwt. of slack per hour, Ten ovens are
placed in circuit, and are so connected that the hot gaseous products of combustion from
an oven ‘ on full fire ' are passed into and through the next oven in advance, where the
fresh bricks are dried by the heat, and prepared for full fire. From the preceding oven,
a supply of heated air for supporting combustion at a high temperature in the oven on
full fire, is obtained by passing the air for eombustion through the piles of hot bricks
which are left to be cooled before being withdrawn. By this arrangement, a twofold
source of economy is opened—the heating of the air for combustion by the residual heat
of the oven full of burnt bricks, and the drying of the fresh bricks by the hot products
of combustion, which pass from the oven on full fire, on their way to the chimney.

The Regenerative Kiln is practically smokeless. It is adapted for burning the
most refractory bricks and blocks; but it can be adjusted to burn ordinary building
bricks. The working cost for personal attendance upon the kiln appears to be about
the same as for that of the ordinary system; but the saving of labour connected with
the supply of fuel to the producers, and from the better internal arrangement of the
works, is considerable.

3. TaoMpsoN BrRoOTHERS' Smokeless Gas Oven, for burning stained and painted glass,
enamel colours, and pottery; for coffee-roasting, baking, and annealing. The fuel is
gas, applied atmospherically. For baking bread, the gas is applied, not within the oven,
but externally. The gas is made to pass round the oven, commencing at the top, passing
down the sides, and under the floor, to a flue at the back. The construction of the oven
is simple, as there are no furnace-doors, fittings, bars, nor ashpit. According to the
results of a test made February 6, 1882, the oven, being cold, was lighted ; and in the
course of an hour and a half the temperature was raised to 350° F., for doing which 270
cubic feet of gas were consumed. The gas was then shut off, and the dampers closed ;
and two hours later the temperature had risen to 600°% in consequence simply of the
transmission of heat from the flues. Three hours after turning off the gas the tempera-
ture was 450°; eight hours after, it was 320°; and 22 hours after, it was 140°. The gas
was again lighted, and in one hour, consuming 180 cubic feet of gas, 300° of temperature
was attained. The gas was then turned off. Bread was baked in 55 minutes, and, when
it was drawn, 350° of temperature remained. Six hours after the gas was turned off
there were 250° of temperature. Thompsons’ gas oven has already been noticed in Re-
port I11. of the Jurors. It is here noticed specifically with respect to its employment for
baking. Itsheat-retentive power, in maintaining high temperatures for a great length of
time after the supply of gas has been turned off, is a feature sufficiently remarkable to
deserve further analysis.

For burning glass and pottery, the gas is laid on inside the oven, and flames u
from each side, across the arch, over the entire length and breadth of the kiln. At the
works of Messrs. Britten and Gilson, Southwark, gas kilns have been erected, one of
which, holding 12 square feet of glass (4 feet by 3 feet), is fired at a cost of 1s. 214d., for
fuel and attendance ; whilst a muffle-kiln previously used, cost, for coke and labour, 4s. 3d.
The gas kiln can be fired six times in twelve hours ; the muffle-kiln only once in twenty-
four hours. (Plate 65.)

In concluding this notice of kilns and ovens, it may be observed that they comprise
respectively—perfection of combustion on a large and practical scale ; utilisation to a great
extent of heat otherwise wasted, and great increase of efficiency for operations involving
extremely high temperature; and an admirable application of the heating power of
gas for purposes hitherto carried out in the elumsiest manner by the combustion of coal.

It appears to the jurors that it would materially promote the development and
extension of these inventions, affecting important industries, if they were submitted to
full and precise tests, for future publication,



32

VIII. REPORT OF THE JURORS ON ACCESSORY EXHIBITS.

THERE was a variety of articles exhibited which, though useful and important, were not
recognised as directly conducive to the abatement of smoke, and as such, eligible for
receiving awards, Self-acting Gas-valves or Governors belonged to this class; and
of these there were a few of established merit. There was the Regenerator Gas Lamp
of the Siemens Patent Gas Light Company—a ]mlp of exc eptmn;ll brillianey and power.
(Plate 66.) There were several gas-burners and minor applications of gas for smoothing-
irons and soldering-irons. Chimney ventilators and smoke curers were exhibited in
considerable variety, and of these T. B. Papier’s Chimney Ventilator may specially be
mentioned. The ¢ Holus® Spray Ventilator, exhibited by E. Moritz, was an elegant
contrivance for supplying moist, eool air to a room in warm weather.

The Silicate Cotton, or Slag Wool, exhibited by C. Baatsch proved to be of a high
degree of efficiency in resisting high temperatures, and in its non-conducting qualities.
It was applied to several boilers in the Exhibition, and to the steam eylinders of the
engines employed to generate the power for Dr. C. Wm. Siemens’ Eleetric Furnace. It
was also employed as the non-condueting medinm encasing the crucible of this furnace.
A. Haacke & Co. also exhibited a non-conducting composition, W. Berkefeld’s Fossil
Meal, which could be laid on the surface of boilers, &e., like plaster, only requiring to be
kneaded with hot water before being used. The Fossil Meal consists of the purest
silicious earth (Diatomacea), mixed with hair and some gluten, forming a plastic
material. It was applied to the Vertical Steam Boiler exhibited by George Green.

Dr. C. William Siemens' Electric Furnace, exhibited by Siemens Brothers & Co.,
was frequently exhibited in operation, It consists of an ordinary crucible of plambago
or other highly refractory material placed in a metallic jacket or outer casing, the inter-
vening space being filled up with a bad eonductor of heat,—in this instance, slagwool.
A hole is pierced through the bottom of the crueible for the admission of a rod of
iron, platinum, or dense earbon, such as is used in electric illumination. The cover
of the crucible is pierced for the reception of the negative electrode—by preference a
cylinder of compressed carbon. It is found in practice, that a cwrent of 100 webers,
having a resistance of 50 ohms, and representing 6 horse-power of energy, melts Hr
kilogrammes of steel in a qlmrtnr of an hour, in a hot crucible. This is equivalent to
6 kilogrammes melted per hour, with 8 kilogrammes of coal used under boilers, or
1:3 kilogrammes of coal per kilogramme of steel ; or 1-3 pounds of steel per pound of enal.

The Compagnie Générale des Conduites d’Eau exhibited a Coke Breaker : a machine
for breaking up coke and assorting the broken coke into various sizes. The coke to be
broken is delivered into a hopper, from which it descends and is broken between two
series of toothed dises, revolving on two parallel shafts, thence falling into a revelvin
eylinder of plate-iron, perforated with holes of successively enlarged diameter. The
cylinder is slightly inclined ; and the coke, travelling slowly downwards, is sifted into
five lots of coke of different sizes. The production is four tons per hour; the power
required, one and a-half horse-power.



33

IX. SPECIAL PRIZES.

Dr. SiEmens' Prize.—0One Hundred Guineéas.

For the best method or arrangement for utilising fuel for domestie or industrial
purposes with the least production of smoke. Divided, and awarded—

To T Dowsox Ecovomic Gas Company, Great Queen Street, Westminster, for
Gras Producer and several applications of the Gas, Fifty Guineas.

To Tae FaLkink Iro¥ Company, Upper Thames Street, for Gas-and-Coke-Burning
Kitchener, Fifty Guineas.

Lapies’ PrizE.—Fifty Guineas.

For Smoke-Preventing Domestic Open Grate.
Competition kept open.

Lapies’ Prize.—Fifty Guineas.

For the best Smoke-Preventing Coal-Burning Kitchener. Divided, and awarded—
To T. J. ConsTANTINE, Fleet Street, for ¢ Treasure * Stove, Twenty-five Guineas.
To THE EAGLE RaxGE CoMmpaxy, Fleet Street, Twenty-five Guineas.

Sociery oF ArTs.—Silver Medal,

For the best Smoke-Preventing Coal-Burning Furnace. Awarded—

To C. B. GreGory (Beverley, New Jersey), for Smoke-Burning Furnace adapted
to Domestic and Industrial Purposes, and tested for Stove, Kitchener, and

Steam Boiler,
MANCHESTER AsSSOCIATION FOR CONTROLLING THE EscCAPE oF NoxIous Varours.—Fifty
LPouwnds.
For Appliance for Preventing Smoke in Steam-Boiler Furnaces.
Competition kept open.



34

CHEMICAL, REPORT

ON THE GASES WITHDRAWN FROM FLUES T0O WHICH THE GRATES
AND STOVES WERE ATTACHED.

By Professor W. Cuasprer Roserrs, F.R.S.

LTHOUGH elaborate experiments have been made from time to time with a view
to ascertain the nature of the gases generated in furnaces, but little attention has
been devoted to the composition of the gases given off from stoves and grates.

The first researches on chimney gases are due to Péclet ! who published some
analyses in 1828, but his results and those of different experimenters who followed him
were open to the objection that the samples taken for analysis were only small
fractions of the total gases in the flues, and, as they were not taken with sufficient
frequency, they eould not represent the mean composition. This grave defect was how-
ever remedied by M. Scheurer-Kestner in an elaborate research on the composition of
the flue gases of boiler furnaces, which will always form the basis of future experiments
in this direction.

A series of experiments conducted by this distinguished chemist in conjunction
with M. Meunier in 1868, on the combustion of fuel in boiler furnaces showed the
difficulty of burning fuel completely on the grate of a furnace, and the analysis of
the gases, made by them, led to the conclusion :—that the products of combustion
always contain unburnt constituents even in the case of a thin layer of fuel and an
excess of air of more than 50 per cent., that is to say, with volumes of 15 cubic metres
of air for every kilogramme of coal burnt instead of 8 to 10 cubic metres. They also
showed that the mean proportion of unburnt hydrogen reached 20 per cent. of the total
amount present, which pointed to the fact that hydrogen is more difficult to burn, even
under favourable conditions, than earbonic oxide, and that with a thin layer of inecan-
descent fuel the unburnt carbon in the gas exists more often in the form of a hydrocarbon
than of carbonic oxide.

In any such experiments it is impossible to collect the gases over water, as their
relative proportions would be changed by the unequal absorption of the constituents,
but by an ingenious device M. Scheurer-Kestner was enabled to aspirate continuously by
water and to draw off, from time to time, subsidiary but representative samples in a
small receiver containing about 3 litres of mercury. Such a mercury receiver is shown
in the diagram, p. 36, and its insertion after the first chloride of calcium tube rendered it
possible to withdraw a small measured volume of dry flue gas at fixed periods. I may
incidentally mention that comparatively few of such subsidiary samples were withdrawn,
but the appliance will, it is hoped, play an important part in the continuation of the
work deseribed in this report.

It must be borne in mind that the chemical question to determine in the case of the

I Teaité de la ehalenr, t. 1. p. 2099, (1528).
: Mémoires extraits du Bulletin de la Socidté Industrvielle de Mulkowss. Lacroiz, Pars, 1875, See also

Sohenrer-Kestner, Recherches sur leg produits guzenx de la combustion de la houwille,  dnn. de Chim. et de
Phys. t. xx. p. 66. 1870
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stoves and grates exhibited at an exhibition opened with a view to ¢abate the nuisance
arising from smoke ’ is to ascertain, lst, to what extent the various appliances exhibited
are smokeless, and 2nd, how far the absence of smoke really implies perfect eombustion,
The important point is therefore to determine how much carbonie anhydride (CO,) is pro-
duced in each ecase, or, in other words, how much ecarbon is completely burnt, how much
escapes as hydrocarbons or as carbonic oxide, and how much appears in the form
of *soot.’” The soot is unimportant when compared with the other products of imper-
fect combustion, as the amount of fuel lost as soot is known to be small, and it is
easy to ascertain by inspection whether much or little smoke is emitted from any
particular appliance.

In the following experiments, the importance of securing a representative sample
of gas was never lost sight of, but it must be remembered that a high degree of
accuracy is not possible in the case of open grates, as the conditions vary from time to
time with the amount of air entering above the fuel and diluting the flue gases.

After much consideration I determined to adopt continuous aspiration through a
series of weighed absorbents, and, encouraged by the approval of Dr. Frankland, I sub-
mitted the following plan to the Committee. I believe the method I am about to
deseribe differs from any hitherto adopted by the fact that evidence as to composition
was elicited from the entire sample of gas withdrawn from the flues of grates and stoves
during a considerable period of time.

A slow stream was drawn during several hours through a ecopper tube extending
across the entire diameter of the flue, this tube being provided with a fine longi-
tudinal slit which rendered it possible to draw the gases uniformly from the entire
diameter of the section of the ascending current. In order to keep the slit free from
soot a fine copper slip was caused to slide along it by means of a rod which could readily
be worked externally to the flue. I should add that this form of tube for withdrawing
the gases was suggested by M. Scheurer-Kestner in his classical series of experiments
to which I have already alluded.

The position in the flue from which the gases are withdrawn is by no means a
matter of indifference, at least in the case of very hot stoves burning anthracite,
With a view to collect soot, it should of course be as near to the incandescent fuel as
possible, but M. Cailletet showed ! that the gaseous products from furnaces must not be
collected immediately after being liberated from the fuel, for a current of gases from a
mass of incandescent fuel may contain notably more ecarbonie oxide than the same gases
do when cold ; that is, by slow cooling combination of carbonic oxide and oxygen takes
place. He gives the following analyses in proof of this ; both samples were withdrawn
from the same point, and their temperature was above 500° C. Sample 1. was, however,
rapidly chilled by withdrawal through a cooled tube, while 11, passed through a hot
metallic tube which facilitated partial recombination of the gases,

L IT.
Oxygen . i - . ; . : . : 765 1-21
Carbonic oxide . : : : : ; ; g 321 1-42
Carbonic aphydride . . . . . . . 742 1502
Nitsogank e EaM N B . . s e RETR £2-35

100:00 10000

The point from which the gases were withdrawn in the flues at South Kensington
was in each case 10 ft. from the ground, and I believe the gases which reached this
point passed into the atmosphere without change. The thermometer and anemometer
were also inserted close to the tube through which the gases were withdrawn.

After many preliminary experiments conducted in the Laboratory of the Mint, the
following series of tubes was adopted, the general arrangement being shown in the
accompanying drawing.

U Buil. Sve. Chim, Paris, t. vi. (1866) p. 104.
F2
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The effluent gases passed first thmu%h a tube loosely filled with asbestos to retain
the solid particles of carbon or soot. They then passed through a U-tube filled with
chloride of calcinm to absorb water, and thence through three U-tubes filled with
soda-lime to absorb carbonic anhydride, a plug of chloride of calcium heing placed at the
further end to prevent any loss of moisture.

The above tubes were placed on the external wall of the chimney close to the point
where the copper tube issued from the flue. The gases were then led through a glass

. tube to one of porcelain filled with cupric oxide heated to redness by means of a small
furnace.

The complete combustion of the remaining gases was thus effected, the carbonic
oxide being burnt to carbonic anhydride, and the hydrocarbons and free hydrogen to
aqueous vapour and carbonic anhydride. The water was retained in a U-tube filled with
chloride of caleium, and the carbonic anhydride in two other soda-lime tubes—the residual
gases, oxygen and nitrogen, then passed to the water aspirator, a chloride of calcium
tube being interposed to prevent any moisture from the aspirator penetrating to the
system of tubes.

After the residual oxygen and nitrogen had had a sufficient time to mix by diffu-
sion in the aspirator, samples were in some cases sealed up in glass tubes, with a view
to future examination.

The above method would be comparatively simple if a pure form of carbon were the
only fuel used, as the question would then mainly be to determine the relation between
the carbonic oxide and carbonic anhydride produced by combustion ; when, however,
coal containing any bituminous matter is employed the asbestos tube will retain, in
addition to the free sooty earbon, liquid and solid hydrocarbons. The asbestos tube also
retains moisture either originally present in the fuel or the air, or in the mortar used
in fixing the grate, in addition to the agqueous vapour which is produced by combustion
of hydrocarbons. At the end of each operation it was necessary, therefore, to heat
the asbestos tube gradually to about 200° C. This was at first done by means of a
bath, but subsequently by the aid of a gentle flame, the aspiration being continued ;
g0 that the water and volatile solid hydrocarbons (if any were present) were thus
driven forward and caught in the first chloride of calcium tube, while the gaseous
hydrocarbons were expelled and burnt to carbonic anhydride and aqueous vapour by the
glowing cupric oxide.

A tube containing ashestos might have been placed—as in M, Scheurer-Kestner’s
experiments—inside the flue, where the heat would have been in most cases sufficient to
drive forward water and hydrocarbons ; but it appeared to be better to place it outside,
as the heat of the effluent gases in the chimney would certainly vary greatly with the
different stoves or grates, and serious complications in the results might thus have been
introduced.

No attempt was made to effect the condensation of the aqueous vapour by a Liebig’s
condenser, or other method of cooling, for, if the gas were cooled hefore passing to the
asbestos, carbon would certainly be deposited with the condensed water and hydrocarbons,
and, if the condenser had been placed after the asbestos tube, water and hydrocarbons
would still be retained in the latter.

At the outset three methods of taking the samples presented themselves :—

(1) To draw through a certain fixed volume into the aspirator.

(2) To continue the aspiration for a definite period without regard to the volume
of gas collected, or

(3) To combine these two methods, adjusting the rate of flow so that the volume
collected in a given period of time iz approximately constant.

Now it will be evident that in the open fire-place much of the air in the flue does not
come in contact with the fuel at all, and that the dilution of the produects of combustion
by air varies with the rapidity of the draught. The displacement of a fixed volume of
water in the aspirator would not then represent or indeed bear any relation to the volume
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of gases absorbed by the reagents in the U-tubes, as the composition and temperature
(and therefore density) of the gaseous column in the flue is continually varying.

If, on the other hand, the time be maintained constant, and a sufficient period be
allowed to ensure a fair sample of the gas being taken, then the absolute volume drawn
throngh will not be of importance, as the point to determine is the relative proportion
of the produets of complete and incomplete combustion as indicated by the inereasze of
weight of the respective absorbents. If, however, the volumes drawn through are very
variable, errors of weighing would introduce irregular variations of the results. The
third method was therefore adopted.

The aspiration was in each ease continued for three hours from the first lighting of
the fire. The average volume of the gas drawn through the tubes (4 cubic foot or
14 litres) was rather more than o555 of that passing up the fiue, this l:cing a-larger
proportion than that employed by Scheurer-Kestner, who took ah-::-ut 5555 of the
gaseous products. In some cases the volume of the carbonic anhydride, absorbed in the
tubes and weighed, was about half a litre, the other gases being in proportion.

In stating the results, the amount of carbon completely burnt to carbonic anhydride
is taken as the unit of comparison (1,000); the carbon as carbonic oxide, and the carbon
in the hydrocarbons are then expressed as thousandths (eolumns 6 and 7), and they repre-
sent the proportion of fuel more or less wasted as eompared with that completely burnt.

The following are the analyses of the bituminous coal and the anthracite
employed :—

Bituminous, Wallsenid Anthracite
I 1. [ 1L
HEEhON o o i et e IR 8343 = 02358, g 02:30, 3
Hydrogen . SR 512] = 2107| g e ey
Oxygen and "ht:lrhgen ' ; : : BT | = 4678 g — =
Sulphur . . =3 e . 1-15 [ 1 0-122 5 S
Ash . BRI T A e 193 - r:rusJ T {}-Eﬂ' %
Moisture . ; ; o : : . — = 0107/ 2 — 5
100-00 100-000 =
Caoke : - : . : ' : G7-1 per cent. -— 91 per cent.

One objection to the method is that it does not distinguish between the half-burnt
carbon existing in the flue gas as carbonic oxide, and the earbon present as hydro-
carbons ; for the combustion of these products is completed by the red-hot oxide of
copper, and the carbonic anhydride contributed by each is ultimately weighed in the same
soda-lime tube.

An attempt was made in some preliminary experiments to employ euprous chloride
with a view to absorb carbonic oxide, but the use of a moist reagent introduces many
difficulties, and, as the results were unsatisfactory, it was abandoned.

The inerease in weight of the first set of chloride of caleium tubes has been ignoved,
for, as they retain any moisture present in the fuel or in the air passing up Lﬁrg ﬂu:h
they do mot afford a trustworthy indication of the weight of water produced by the
combustion of hydrocarbons or hydrogen in the fuel.

It should be further pointed out that the figures given in column 8 do not solely
represent soot, or even the more solid particles of coal, as the asbestos tube will also
retain fine ]mt‘tlcles of ash drawn up by the draught as well as fine dust from the
mortar used in setting the stove. I regret that Fllw asbestos plug, blackened by the
adhering soot, was not in all cases separately burnt in oxygen with a view to determine
the exact proportion of earbon it held, but I believe from the results of special experi-
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ments that at least 84 per cent. of the increase in weight of the asbestos tube repre-
sents soot.

It must be remembered, however, that all solid particles of which the remainder
consists would escape into the atmosphere and would constitute ¢ smoke.’

The results of the experiments are shown in the tables, and the following con-
siderations appear to flow from them. The 85 cases given in the tables show that the
relation by weight between the carbon completely burnt to carbonic anhydride and that
present in the form of hydrocarbons or carbonic oxide varies between the limits of
1000: 4 and 1000: 375. There were however only nine cazes in which a ratio of
1000 : 200 is exceeded, and but three in which the ratio is less than 1000: 10,

In 17 cases given by M. Scheurer-Kestner in his experiments on the nature of the
gases of boiler furnaces, this relation varied from 1000: 10 to 1000 :211, the result
being mainly dependent on the amount of air introduced to effect the combustion.

With reference to the hydrogen it is to be observed that in the 17 experiments
with boiler furnaces given by M. Scheurer-Kestner, the proportion of carbon completely
burnt to carbonie anhydride to the hydrogen present either in the free state or as hydro-
carbons varies from 1000: 3 to 1000 : 16.

In the experiments at the exhibition the ratios obtained vary from 1000: 8 to
1000 : 259, ratios which are mueh higher than the above, although they correspond with
certain analyses made by M. Foucou! on the gases escaping from the furnaces of loco-
motives. It would seem, therefore, that an open fire-place need not compare unfavour-
ably (from the point of view of effecting the complete combustion of carbon) with the
boiler-furnace in which there is a larger mass of incandescent fuel ; but it must be re-
membered that the appliances exhibited were in most cases specially designed for
effecting complete combustion, and further, that the stoking was in all cases effected
with great care, so as to ensure as favourable results as possible.

On the other hand, although in the ease of the boiler furnaces tested by M. Scheurer-
Kestner the stoking was conducted with the most scrupulous attention, still the re-
frigerating action of a mass of water in the boiler must have impeded the union of
oxygen and the combustible gases.

With regard to the relative proportion of carbon present in the form of earbonic
oxide to that as hydrocarbons, I have already pointed out that experiments conducted
as these necessarily were, cannot be expected to afford evidence on the point. I
believe far more of the partially burnt carbon in the flue gases to be present in the
form of hydrocarbons than as carbonie oxide, a view which is quite in accordance with the
results already obtained by M. Scheurer-Kestner in the case of the effluent gases of boiler
furnaces.

In order to afford some evidence as to the proportion of carbonic oxide to hydro-
carbons, I append the result of an analysis kindly made by Dr. Perey Frankland on a
typical sample of gas from an ordinary form of open fireplace, in which the feeding
with coal was condueted so as to give as tmperfect combustion as possible. The sample
of gas was ccllected in the mercurial receiver to which [ have already alluded (p. 34).

By wolume
Carbhomie anhydrides, i vl 0 - il Ge w0 d 0 o 07O
Marsh gas (CH,) . : : : . ; . ; : : 0-36
Hydrogen Ly - : : ; : - : L 0-29
Carbonie oxide., : : . ; : ; : ; . ; 001
Oxygen : : : ; ‘ : ; . : . . 1985
Nitrogen . ; : B OUES S i - : . 7879

L00-00

T Méimmre sur la combuslion, par M. Petitpierre-Peillon, 1868. Chez MM. Lacroix ot Baudry ; quoted by
Groner. Traité de Métallurgic, 1. 1, p. 436. Paris, 1875,
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In this the relation by weight between the carbon as earbonic anhydride and that
present as carbonie oxide and as hydrocarbon, is as 1,000 : 529. It will be observed,
however, that the produects of eombustion being here diluted with an enormous volume
of air, were present in relatively very small quantity, consequently this large proportion
of unburnt and partially burnt gaseous products must not be taken as conclusively
proved.

PrororTioN oF CAREON WASTED AS SOOT.

This, I need hardly observe, is a question of much interest. FEarlier experiments
have indicated the limits within which this proportion of soot will probably be com-
prised. M. Delezenne estimated in 1855! that the proportion of carbon that escaped
combustion in this form might be taken at 5 per cent. of the total weight of fuel
burnt in the grate, and that 6,320 kilogrammes of soot fell in twelve hours on the town
of Lille. But, as Emile Burnat, quoting Payen, pointed out in a valuable paper on the
combustion of smoke in boiler furnaces,” the amount of finely-divided carbon produced
in a certain lampblack factory is only 3 per cent. of the coal burnt, and therefore the
amount of earbon in ordinary smoke must be much lower.

In 1858 Mr. John Grahamn estimated 3 that very black smoke does not contain more
than - per cent. of the carbon of the coal burnt, and the accurate experiments of
M. Scheurer-Kestner already quoted showed that in boiler furnaces the loss of earbon in
the form of soot never exeeeds 1 per cent. of the fuel burnt, while the mean loss is
probably between § and § per cent. A case however is recorded, in which a coal
containing 69 per cent. of carbon (burnt with an inadequate supply of air) thus lost an
amount of carbon as soot equal to 2:03 per cent. of the fuel burnt.

As might be anticipated, the amount of soot is greater in the case of an
open fire-place than in a boiler furnace, but the evidence afforded by the results of the
tests made at the Exhibition, while possessing much interest, does not, nnfortunately,
render it possible to give a precise answer to the question, for the fUIl{:mug Teasons.

Some of the soot must have been deposited in the flue before it reached the point at
which the withdrawing tube was inserted ; and there is reason to fear that in the with-
drawal of flue gas laden with soot through any form of slit or orifice in a tube, the
gaseous and solid portions may mnot enter in exactly the ratio in which they exist in
the chimney.

In many cases the flues were carefully swept before and after the trial, and the soot
was collected and weighed. In an extreme case, in an open fire-place, no less than
21 per cent. of soot, compared with the fuel burnt, was found in the flue at the end of the
trial. In the case of three close stoves of careful construction rather less than } per
cent, was found, while in some ecases it fell to } per cent., and in one case to -l per
cent. OF course these numbers do not include the amount eseaping into the air.

I may perhaps add that in a preliminary experiment made with an ordinary open
fire-place conneeted to a chimmney by means of a sheet-iron pipe 6 feet long and 9 in.
diameter, 17 1bs, of bituminous coal were burnt in three hours, and no less than 061
per cent. of the fuel burnt was collected in the pipe in the form of soot, while the soot
that passed into the chimney was not collected. This 0:61 per cent. of soot, after drying
at 100° C., yielded, on distillation at 300° C., 12 per cent. of an oily strong-smelling
mixture of hydrocarbons.

The Wallsend coal employed in the tests, an analysis of which is given on p. 38,
gives, on distillation in a elosed vessel, as eoals of its class do, more than 30 per cent. of
volatile matter., The products of the distillation of such a coal are very varied, and
include many dense hydrocarbons, such as anthracene or chrysene, that would not be
driven off at a temperature of 200° C. The figures given in column 8 will also inelude

1 Bulleting de la Socicte dencovragement, 1856, p. 473,

* MWempives extvaits du Balletin de la Socidté Tndustrielle de Mulkouwss, p. 11, Paris, 18756
* Mewmoivs of the Literary and Philosoplical Society of Manchester. 1860,
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such hydrocarbons. It wonld not have been safe to heat the asbestos sufficiently high to
drive these all forward, for the point of inflammation of finely-divided carbon would soon
have been reached ; and, moreover, soot contains many at least of such hydrocarbons,
which pass into the atmosphere and give to “smuts’ their disagreeable adhesiveness.

In some extreme cases the operation was continued for a sufficient time to give an
abundant deposit on the asbestos plug, which, with its adhesive soot, was burnt in
oxygen, and the resulting carbonic anhydride and water collected with the following

result :—

I. I1. 111, IV.
Carbon . - : . 840 924 B85 il
Hydrogen - : : o2 33 | 42
Oxygen, Nitrogen, and in-
organic matter  (by 8 4-3 54 97
ditterence) . ) Lok e s Ee?
1000 1000 1000 1000

Viewing the experiments generally, the increase in weight of the ashestos plugs
was but small, varying from a barely perceptible increase to ;% of a grain, but there
conld have been no serious error in the manipulative part of the work, as will be
evident from an inspection of the amount retained by the asbestos plug when aunthracite
or coke was burnt, the small amounts of matter eaught being probably mainly derived
from the wood used in lighting the fires to start the combustion of the anthracite or coke,

If it be admitted that the asbestos plug has retained dense hydrocarbons that would
not necessarily have passed into the air, I believe that the results caleulated on the
fuel would still be too high ; I have therefore preferred to give the actual weighings
exactly as they were obtained, for if they be taken in eonnection with the amounts of
fuel burnt, they are at least comparative, and form a valuable adjunct to Mr, D,
Kinnear Clark’s scale of smoke-shade, which does not take into account the amount
of fuel burnt. Future experiments, with the aid of a ¢ trompe’ that will remove large
volumes of flue gases laden with soot, must determine what the true amount of earbon
lost as soot really is.

It is hoped, however, that the results will be of interest if they be taken in connec-
tion with the tests as to temperature and velocity of the effluent gases made by Mr. D,
Kinnear Clark, the engineer by whom the mechanical tests were conducted, and I
trust that the Committee will be satisfied that the scheme above described was the best
that could be adopted in view of the fact that one hundred appliances were submitted
for testing in the limited time during which the Exhibition was open. This series of
chemical tests must be regarded as preliminary, as it will be very desirable to select
certain of the stoves and grates, and to subject them in the same testing-house to a
rigorous examination, ineluding a complete analysis of the flue gases; for I consider
that the work already done has merely rendered it possible to seleet certain typical
appliances which deserve more detailed examination.

It will be evident that, in each case represented in the following Tables, the more
perfect the combustion is, the smaller will be the numbers in columns 6 and 7. When
certain special experiments have been made the considerable mass of figures gathered
during the course of the tests, but not recorded in the Tables, may be expected to afford
other important information as to the amount of waste in combustion and the way in
which wasted heat is distributed.

With respect to the actual conduct of the manipulative part of the work, I should
state that the preliminary experiments were made by my assistant Mr. W, F. Ward,
_and, on his appointment as chemieal adviser to the Tasmanian Government, the work
was econtinued by Dr. E. J. Ball, on whom the burden of the manipulation has fallen,
and to whose care and skill [ am much indebted.

G
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TaeLe I.—RESULTS OF CHEMICAL TESTS OF GRATES AND STOVES.

Ko,
af
Last

—

19

26

29
S0

Weight
af

matber
retained

by
nEhestos
in gr.uiu:-

0045

0-045

0030
0070

0070
0-200

0-016
0915
0080
0065
04040

0-060
-0

0110
0-030

0-050

0-195

Crass I.  Open Grates, having ordinary bottom grids and wpward drawght.
To ever; ﬁungﬁs
1004 | of Carbon
No. partsof (as 00, there
af . Carban | are of Hy-
test- | Wame of exhibitor Deseription * Hature of fuel &8 00y | drogen free
ATNE= ther® are and Com.
T ofCarban| hined with
s CxHy| Carbon in
+C0  ehe gossons
stats
2 3 4 5 a8 i
1 | J. G Gray . | Open grate, perforated loose back . | Wallsend 76 24
A mixture of
Barnard, Bishop - Wallsend/ =
cite. .
The British Sani- | (Basket grate, inclosed in sheet)| -
4 { tary Co. . | { iron and glass, heating air . j| Wallsend . | 143 o1
o | M Parret - : {Ha:i:ghrzﬁhm-mtﬂ firebrick llnmgr Coke . .| 45 o
65 | J. Wright & Co. :Hf%'] nic v&nﬁlu.hng stove . « | Wallsend 49 G5
E M. Perret . . I:FJM ; Bl e Ant.hru.ﬂzfa : a0 48
g - < ike hefore) BOT L Wallsen 254 111
3 | T. Potter & Sons {D?ﬁ;ﬁ;m {}fnbwater PlPﬂ‘] ““"} 3 . | 230 5
a ‘:Parceval&"ﬁ'&it-i iParlm:r stove, for hﬂat.mg and I"m'} g
macott . eooking, air heated ” o
4|7 Naoh, o | (UDRLETS: down-draught L -1 . | 168 | 219
Fresh-nir opening in hearth, fluted
2 | W.P. Taglor ! and pcrfapra.mdghnck : J' L - | 48 259
The Radiator C-umhu:ita.un chamber at back of -
2 | Range Co, FI - ] " {8 30
Enmet. grate, firebrick hmug,
- blower, heating fresh air, and
G | A.B. Verrier . { dmwmg foul air from u‘pp-ar} ” 168 29
rt of room .
(€ hmct grata,’ ﬁthnEk llzmrlgl::i
| blower, heating fresh air, an
8 L l drawing foul air fmm uppver} at 138 4
part of room
2 | Rosser & Russell | Fireclay back, ﬂuteﬂ, air heated 5 . | 38 52
Kohlhofer's hot-air  stove, air-
5 | G. Haller & Co. chamber above and at sides, up D B4 —_
and down pipe flues . .
1 !PE;?:;;"J!&? "B’"} Banitaryetove . . . . o .| 54 17
8 Rt o Anbetire ey R T T
The Manchester grate, 3. L. Shor-
4 | E, H. Shorland . land’s patent. Air heated, and - 23 —
J e carried off in pipea . .
1 ﬁ'm' 2 ““‘} Plaingratads - © o wr o o - . | 164 52
1 r:"::lth ) e }| Air-cylinder in heart of fire . - »” 78 97

0-085

Coal
burnt
per hour

Total
AVEF-
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smoke
shade

(Alr.
Clark)
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| 1bs. oza.

3 14}
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3 134

6

3 6
6 2}

3 93
4 154
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4| 2-6
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192
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{}.

39
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35

4-8
26

! See note to table, p.

45,
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TasLe .—RESULTS OF CHEMICAL TESTS OF GRATES AND STOVES—(eontinued).

Crass IT. Open Grates, having solid floovs, adapted for slow combustion and wpward draught.
‘T evary |
Toe evory] 1000 parts {
1000 of Carbon | Weight Tﬂtn.f!
Mo, parts of Jas OO, there| of aver. |
No. | of Carbon | are of Hy- | matter | Ooal | ape |
af | test- Name of exhibitor Deseription Natnre of fucl ns 00, [ drogen free| retained | burnt |smoke
test | ing- there are| apd eom- by per hour | 8himds
b iLikis] af Carbon | binesd with | ashestos {Alr.
a8 OxHy | Carbon in |in grains Clark)!
+C0 | the gaseous
slate |
1 2 3 4 8 8 7 B8 g | 10]
Ibs. Gzs,
Barnard, Bishop . a apla.
a2 & Baraards }| Glow fire, brick slabs . Wallsend a0 79 |0085 |2 24i8
34| 3 i . Bartlet grate, brick slabs . {Wallsendand | 157 | g4 0205|215 |30
T
B - " poo o o |{Mekimasndy 205 | 208 |oos0 |8 551
h
36 | 4 {158 ot ety | Abbotsford grate , Wallsend . 275 | 95 |0185 [2 &) 42
38 | 2 | Doulton & Co. . | Fire-place of firebrick slabs . ., .| 48 70 0040 | 3 luj, 1-3
80| 4 | J. B Petter . | Nautilusgrate . ' ” . | 83 66 |0070 | 2 4 |39
41 | 6 | F.Edwards&Son | Dr. Arnott's grate - 1 W . | 238 68 o160 | 8 9 [31
42 | 5 w _w + | Downward burning grata . . " . | 175 46 [0-175 | 3 1s§ 23
45 | 2 | Frost & Winfield | Fire lumps and batlle roofs . . » o N 58 |0045 | 3 Bj|44
Barnard, Bishop s &
260 A S e Rarnarda /| FoW B o . b s » 195 | 81 [0105|2 1|24
Crass III. Open Grates, under-fed :—Supplied with fresh fuel beneath the incandescent
fuel, with wpward drawght.
63 | 4 | E. R. Hollands .| Under-feeding, with movable grate I“;:II_E;ia"d} 103 er |00156 | 2 9326
556 | 3 | Brown & Green . | Tnder-feeding, with tray in front . | Wallsend a2 41 2020 [ 40321
66 | 4 | W.S. Melville . | Under-feeding, shovel - - 06 60 (0095 | 2 44|42
¢ Prinecess Louise,” G. L. Shorland’ 5 LA (3
57 | & | E. H. Shorland , |{ patent, undﬁr-fteedmp; by shovel } ” 114 41 0065 |2 7|30
58 | 3 Yn.ﬂt;e EDI_'IH':’T{'M} Under-feeding, with movable grate " 145 16 |0080 |3 4 |23

Crass IV. Open Grates, to which fresh fuel is supplied from the back, or the sides, or hoppers.
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TaeLe L—RESULTS OF CHEMICAL TESTS OF GRATES AND STOVES—(continued).

Crass V. Open Grates, having a downward, a backward, or a lateral draught.

To every
Ta every] 1000 paris
e | of Carbon ‘I:'r'el¥]t|! Tuatal
M, parts of (as OO, there] o aver-
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of | test-| Nameof exhibitor Dheseription Hatore of foel as 00, | drogen free| retained| burnt |[smoks
test | ing- there are| and com- hy per bour| shads
i Tep I} of Carbon| bined with | asbestos (Mr.
i CxHy | Carbon in (in grains Clark
+ 00 | the gascous
; state
1Bt 3 4 5 & T 8 B 10
Kvrl frebrick Tini 1 lhs, ops
yrle grate, hrebrick liming and )
ga | 4 [{The GqﬂIBMUk'} floor, bacleward draught at | Anthracite 42 98 (0005 | 1 1100
t dale Co. bottom ) E
r{]a, ain T. E—t i Downward  draught, air heated . ; :
62 | 3 ymk& g i bk ; } Wallsend il 141 0040 | 2 9 |18
Smole-burning I'E""'Iat.!:!r Jﬂbmnsfl
ol I s { patent; downward and back-|| Wallsend 40 | 53 |oo035|5 4|32
Y e ward r'lmu;;ht', tubular air—'lmm]
. M. Feetham &| Ventilating dog grate, fire basket, » = 2
23 { Co. i { downward dr'mght : J L 213 34 0045 | 4 134 1-2
Hurst grate; downward and hﬂ.c‘l’- na= z
i i 2 35 { ward dranght, air hentcd } 2 e o 0036 1.9 4 |14
741 3 . - Do, + | Anthracite 113 166 trace | 2 3 |13
Yates, Haywood , [ | Bedmayne's ulnnt 'In'u:":m ard | ; ! :
TajR { & Col . I draught, mhii Iinur, air heated ' Wallsend Lo 48 (0136 | 4 Bf 47
Eedmayne's watent, backward . : |
77 | 4 28 - e Jht. sotil Toar. aix Meated || Anthracite 49 59 |00 |311|08
{Crane's anthracite grite, firebrick |
T0 | 3 | Deane & Co. back and sides, downward || Wallsend 23 — 0020 | 8 0OF 38
dranght
r]}mughn backwards and down- :
20 | 4 | J. Moora . . = hmtlng | b a8 66 0060 | 3 4|25
‘Kensington"  back and 51-1&1 . : sl
Bl | 2 | Steel & Garland ! draughts into flue, air heating ! i 125 13 0000 | 3 9§37
a3 4 || {OlhDametety (TaER hefﬁg aoting SN - 31 | 35 |[o110]5 11138
83 | 4 o T Do, rln . | Anthracite 16 41 005 | 4 153 00
84 | 2 | Steel & Garland | Kanamgton, as above . . % 177 219 0010 | 6 3400
£
85 | 8 | Brown & Green. [{*Ltton register grate, Mw“"d} ; 78 | 43 [o005 |2 900
Reave & Henry's ‘smoke purifier, |
86 | 3 | J.T. Reeve hob grate, backward draught, | Wallsend 128 174 |0045 |1 6§16
and filter chamber . J
88 | 2 | T. E. Parker Downward and backward ﬂmught i 7 8 |0050 |38 7422
89| 3 - T The same grate, but lessairadmitted - 44 60 (0035 |3 2|24
90 | 8 | J. Cornforth . {“ﬁi‘i‘;:gh:'r‘bm Bod, Jesard) :: o5 | 50 |0130 |4 13335
o} Deara 3 .| DurT::ujrallgllt water henlmg appa—l = a7 a9 o T (g |
— | 4 | T. E. Parker . | Down draught hot air . : . — a4 00 - | —
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TasLe .—RESULTS OF CHEMICAL TESTS OF GRATES AND STOVES—(continued).
Crass VI Close Stoves.
Tos £Very
To every| 1000 parts
10 of Carbeon | Wedght Tata!
Ho. paris of |as OO, Ui of ] P
Ha. of : Carbon | are of Hy- | matter Coal aga
of | test- Name of exhibitor Deserlption Nature of fuel as O, | drogen fre | petained| barot (smoke
test | ing- ”L".h' ape| and eom. Ty |per Ispazr| <himels
c0Om ol Carbon | hinesd wt_L'Ii n:.'l'mst.m- M,
a8 Cay | Carbon in |in grain: Clark)
400 | the gasenis
SEnte
1 | = 3 4 5 8 7 8 8 |10
iba. ozs.
096 | 8 | Musgrave & Co. | Slow combustion stove . - . | Coke . .| 61 37 |[0000 | 2 3300
o7 | 2 |(Rev-H. J.New-t| mypular air warmer . . Wallsend 49 | 20 00603 7|20
(. Portwa ‘& {Tortoize stove, slow combustion =~ : W
B3 1 Son . b~ heating and laundry stove . j| Coke . i 41 0010 | 2 0400
101| 2 | Doulton & Co. . | ‘ipﬂmzﬂﬁ of stomeware, ir)| pr, g cteam . (224 | 86 (0070 |1 1 (10
02| 4 | H. Hunt . ‘Economy ’ pnrtahla hmtmg ‘stove | Anthracite 475 53 — |2 B |08
04| 4 iYﬂ.‘t’Eﬂ.nIIﬂJ Wﬂﬂa} ¢ Miser' stove, two Pﬂla_ra. Wallzend 110 38 175 | 1 l:ié. 4-5
1Wa| 2 | J. Cornforth ¢ Little Wonder ' stove . 5 ' 7 a9 0035 | 3 12 |07
R W. Cros)|(Armstead’s stove No. 3, deliver- _ - P ;
1081 6 11" thwaite . H ing hot air to burn the gases . | Anthracite - 86 [0-020 | 4 14} 0B
111 5 | W. Stobhs . f‘n'st.ul ventilating grate . = . | 96 83 0005 [ 2 0} 08
(i Crown Jewel’ burner hﬂ.": e | @ »
113] & | H. Hunt i Sn i % . | 114 66 (0005 |2 600
d
115| 4 | Van der Harst . | Charcoal stove . . . { C“S’h'j‘f;’fgl L 180 33 — |01 loo
Hucknall
117| 8 | Brown & Green . | ‘Twin' stove . : . [ hituminous} a0 04 | 0030 | 3 124| 3]
coal .
118| & {'I F. Farwig &J' ‘ Calorigen ’ stove, air heating Wallsend . | 114 34 0080 | 2 1241 1-2
1200 5 | J. Dunnncl:m ‘Star’ heating stoves, firebrick o .| 34 L 0030 | & 01 2:5
122| 5 | W. Barton. “ Premier' stove . - Coke .| o6 o 0025 | 3 103 0-0
123] 5 | F. Linholdt Anthracite stove, air I1E:‘mng « | Anthraecite . | 132 106 trace | 1 43, 1-5
25| 5 T Anthracite stove, air heating * ; c . 14 43 trace | 3 12400
126| & | H.J. Piron Hot-air stove and ventilator . i .| 85 63 0005 | 6 10 |00
127| 6 [{Fy v O} Armstead-Gregory stove .| Wallsend 16 | 30 [ooso|7 2ios
12| 8 | Brown & Green. | Closestove, with reversible draught | Huclnall .| 71 52 0070 | 4 15)|2-4
— | & | Churchill . Cold air : - : - . | Wallsend 254 119 0050 | — | —
— | 2 | Deard - ( Water coil) SR Anthracite . | 99 M O0006 | — | —

I Slow combustion.

* Rapid combustion,

Nore.—The numbers and deseriptions correspond with those given by Mr. Clark.
Under-feeding cousists n placing eold fuel under that which iy HllE‘ﬂ.fI\l’ ignited.
A coking box is a closed receptacle in which the fuel is gradually heated, the volatile products of the
distillation being usually made to pass through the fire,
A downward draught canses the produets of eombustion and air to pass downward through the incan-
descent fuel, before entering the Hue at or below the level of the grate.

A backward draught

with or below the surface of the fire, while a Jeteral draught enters the flue at the side,
Air heating implies that fresh air is heated by the appliance before entering the room. In some
cases, such as Nos. 88, 89, 90, 105, and 108, attempts are made to effect the consumption of smoke by
hem.mq' air before it mixes with the pmdu{-ta of combustion in the flue.
In the so-called base burner, the draught is brought directly down from the fire-place of a close stove,
and cireulates round the base,
In slvw combustion ignition of the fuel is maintained by the admission of as little air as possible.

passes horizontally through the fuel, and enters the flue at a point either level
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REPORTS OF THE TESTING ENGINEER.

—_————=

I. REPORT ON TESTS OF OPEN GRATES AND CLOSE STOVES
FOR HEATING, 1881-1882.

(Seale of Snioke-Shades.—See Frontispiece.)

THF.'. tests of open grates and close stoves were conducted in the testing-rooms in
the grounds of Her Majesty’s Commissioners at South Kensington.

The testing-rooms were built in a row, lying north and south. They are five in
number, of which Nos. 1, 2, 3, and 4 are 15 feet square and 15 feet high to the
eaves, with an additional elevation of 2 feet to the ceiling, formed within the truncated
sloping roof, The total capacity of one of these testing-rooms is 3,600 cubie feet.

No. 5 room is at the extreme south end. It is 30} feet long by 15 feet wide, and
15 feet high to the eaves, and has a capacity of 7,320 cubic feet.

The walls and the floor of each room are constructed of solid conerete 6 inchesin
thickness. Each of the smaller rooms has one window, 3 feet wide and 74 feet high, and
a doorway 3% feet wide by 64 feet high ; both in the east or front wall. The doors of
each pair of rooms are protected by a cabin enclosure having an outer door by which the
influence of changeable weather eould be in a great measure controlled. The chimneys,
in concrete, one in each room, were built in the west wall. They were round, and
averaged 8% inches in diameter. They were prolonged upwards by zine pipes 6 inches in
diameter ; making a total height of 25 feet from the floor-level.

Observations were made for the temperature of the external air, the temperature of
the test-room, the power of the grate or the stove for radiating heat, and the velocity of
draught and temperature of the gaseous products in the chimney. Hygrometrical
observations, also, were made for a time; but they were not considered of sufficient
moment for the immediate purpose of the tests, and were not continued.

For noting the general temperature of the room, twelve thermometers were sus-
pended from the four walls, three to each wall, at levels above the floor respectively
6 inches, 6 feet, and 14 feet. An attempt was made, in addition, to measure proportion-
ally the radiating powers of the grates and stoves under trial ; and, for this purpose, a
stand was placed on the floor at a distance of 6 feet from the grate or stove, on
which three pairs of thermometers were suspended, those of each pair back to back,
at three different levels, respectively 1 foot, 5 feet, and 10 feet above the floor. One of
each pair directly faced the grate or stove, and was exposed to the direct action of the
radiated heat. The other indicated simply the temperature of the swrrounding atmo-
sphere of the room. The difference of the temperatures thus indicated was taken asa
measure of radiated heat : not absclutely, of course, but relatively, as a means of testing
approximately the comparative radiating powers of the exhibits. Observations of
temperature were usually taken at intervals of half an hour.
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The temperature in the chimney was measured by a mereurial pyrometer suspended
in the chimney at a height of 10 feet above the floor-level ; and the velocity of the
draught was measured by a Biram’s anemometer specially constructed and adapted to
the situation, so that, whilst the wheel was inside the chimney, the indications could
be read on the dial outside.

The fuels used were bituminous coal (Wallsend ), anthracite, and coke. The eomposi-
tion of the coals is given in the Chemical Report by Professor Chandler Roberts, page 38.

For the purpose of noting the shades of smoke discharged from the chimney,
smoke-coloured glass, of graduated tints, was tried ; but ultimately a scale of ten shades
of smoke was adopted, illustrated by the frontispiece ; regularly inereasing in density
from a faint indication, or diseoloration of the atmosphere, to a black-brown shade.
The order-number of the shade was noted from time to time during each test, and the
average of the numbers noted was taken as a proximate measure of the average density of
the smoke.!

The duration of the tests extended usually to five hours, oceasionally to six hours,
and for still longer periods, commencing at or about 10 a.M. each day. Given quantities
of wood and coal were weighed out to the article to be tested, at the commencement of
the test, and the balances left uncharged and unconsumed at the end of the trial, were
weighed back. Each exhibitor was allowed, for the most part, to conduct the test in his
own way ; and he or his deputy was present during the whole of the time of trial.

Grates are here distinguished from stoves, broadly as open fire-places or open grates
versus closed fire-places or stoves. The use of the term ¢stove,” originally applied to
close fire-places, has been extended by exhibitors to open fire-places. To keep clear the
significance of the classification, therefore, grates are deseribed as open grates, and stoves
as close stoves.

Fifty-nine open grates and thirty-three close stoves—ninety-two altogether—were
submitted for testing. The open grates were divided into five classes. Close stoves
were placed as Class 6. One hundred and thirty tests of open grates and close stoves
were made and recorded.

TapLE II. CLASSIFICATION OF GRATES AND STOVES, WITH TESTS.

Clnss Diescription of clnss x“':m;ﬂgﬂ:'“ Number of tests
T o having ordinary bottom grids, and upward draugh
pen grates, having ordinary bottom grids, and upward draught.
W e 20 32
2 Open grates, having solid floors, adapted for ‘slow combustion,’
and upward draught. (Table IIL.) . : : . : 11 20
3 Open grates, under-fed : supplied with fresh fuel beneath the
incandescent fuel, with upward draught. (Table II1.) . : (] G
1 Open grates, to which fresh fuel is suEplie.d from the bacl, or
from the sides, or from hoppers. (Table ITL) : . . 6 a
5 Open grates, havin% a downward, or a backward, or a lateral
draught. (Table II1.) . - : . : ; : : 17 a7
Open grates, total . o . - : - - ; 59 04
6 Close stoves, (Table ITIL.) . : : . - : - | 33 36
02 130

! For the purpose of establishing communication between the observer of smoke-shades outside the
building, and the attendant on the grate or stove within, an cfficient scheme of telephonic communication
was kindly prepared by Mr. C. Spagnoletti, Member of the Bociety of Eleetricians ; and, thongh it could not
be made available at the last Exhibition, it may do valuable service on future oceasions,
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DESCRIPTION OF THE GRATES AND STOVES THAT WERE TESTED.

Crass L—-OPEN GRATES HAVING ORDINARY BOTTOM GRIDS
AND UPWARD DRAUGHT.

No. 1. J. G. Grav.—A perforated iron back is laid into an ordinary grate ina
sloping position, so that the bottom of the grate is partly covered by it. Air from below is
thus admitted into the fire, partly upwards, and partly forwards from the back. (Plate 1.)

No.2. Barwarp, Bisgor & Barvarps.—The € Anthracite Grate;’ having a lining of
firebrick, sloping backwards; vertical bars in front, and a sliding blower. The bottom
grid is inelined downwards towards the front.

No. 3. Toe BriTisa SAniTary Company.—* Carrick’s Ventilating Stove Grate.” A
radiating fire-grate, in which a fire basket is placed in an enclosed chamber, which forms
the stove, constructed of sheet-iron at the back, and of glass panes at the front. Heat
is radiated from the fire all around, and is transmitted throngh the glass easing into the
room. HBehind, it is transmitted to air in a chamber which is admitted at the bottom,
and 1s discharged into the room at the upper part. It is said to be specially safe, and to
be a preventive of ¢blow-downs." There is a glass door in front, which may be opened
when required. The hot gases from the upper part of the apartment are drawn down
through the fire-place. (FPlate 1.)

No. 4. MicaeL PeErrer.—* Radiating Stove,’ to burn anthracite. Back, sides, and
floor of firebrick ; also a firebrick slab to form a roof, sloped slightly upwards =o as to
assist in radiating heat, The grate consists of bars forming the bottom and the front.

No. 5. MicHEL PERRET.—* Radiating Stove.” The same as No. 4, burning coke.

No. 6. J. WricHT & Co.—¢ Hygienic Ventilating Stove.” Draught passes upwards
into an inner dome divided by a vertical partition, over which the gases pass and
descend on the other side to the flue. The door and the back of the fire are surrounded
by an air-chamber into which external air is admitted, and from which the warmed air is
delivered into the room. (Plate 2.)

The same as No. 4, burning anthracite.

No. 7. MicHEL PERRET.

No. 8, MicHEL PERRET.—The same as No. 4, burning Wallsend coal.

No. 9. J. WriGHT & Co.—* Hygienic Ventilating Stove, as above, No. 6, smaller size.

No.10. T. Porter & Sons.—*Thermhydric Ventilating Grate,” surrounded by a water
cistern at the back and sides. There are two groups of upright pipes, one at each side of
the grate, into which, at the upper end, water passes from the upper end of the hoiler,
descending through the pipes to the lower part of the boiler, encased in a chamber supplied
with air from the outside, which is heated, and passes off into the room. Excessive
temperature of heated air is thus obviated. (Plate 2.)

No. 11. PercevaL & WestmacoTT.—¢ Parlour Stove, adapted for cooking and
heating. The fire-place is of cast-iron let into a cistern for hot water, by which it is
enclosed at the back and sides, with a clear interspace of half an inch. The gaseous
products pass upwards to the right and the left through eurved flue-pipes, called
retort-flues on account of their form tapering upwards, and meet overhead on the way
to the chimney. An oven is placed over the fire between the branched flues, and the
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whole is enclosed in a rectangular casing, into which air is admitted, and from which it
is delivered warm into the room. The upper part of the fire-place above the front bars
may be closed with a pair of doors which act as blowers when the fire is lighted. Air is
admitted to the fire through holes in the sides and the back, and through the bottom
grid, which is provided with a slide by which it can be closed as required. (Plate 2.)

No. 12,  James SuutH.—Anthracite or coke 1s burned with bituminous eoal, which is
charged into an open chamber at the back, and is gradually coked by the heat of the
fire. The fire is made up with anthracite, and the coke of the previous day is laid upon
it, high enough to cover the entrance to the coking chamber, whence the distilled gases
pass throngh the burning fuel.

No. 13. W. Poorg & Co.—* Triumph* Stove. Self-contained, with sheet-iron
back. Upper part in front above the bars may be closed by a blower. Lined with fire-
brick. The grate bars are set so closely together that the ash accumulates and forms a
close bed acting as a solid bottom. (Plate 4.)

No. 14. W. Poore & Co,—* Triumph * Stove, as above.

No. 15. Tromas NasH.—The draught is led from the upper part of the grate down
outside the back by a pipe dipping into a box, whence it rises into the flue. Soot is
deposited in the box,

No. 16. Taomas Nasu.—The same as No. 15.

No. 17. W. P. TavLor.—External air is introduced through a grating in the
hearth in front of the fire to supply the draught. A fireclay back is formed with upright
gills on the outer side, and is perforated to allow air passing up between the gills to enter
amongst the burning fuel.

No. 18. Tae Raprator RanGe Compaxy.—The ¢ Radiator’ Fire-grate. A small rect-
angular combustion-chamber is hooked to the back of an ordinary grate, into which the
gaseous produets pass throngh openings at the lower part, covered by the burning fuel,
whence they pass into the flue. Stray gases escape at the upper part into the flue. A
small auxiliary chamber is formed on the front of this combustion-chamber to receive
gases rising from the fuel, with air, and discharging them into the first chamber,

- No. 19. A. B. VeErriER.—* Comet’ Grate, Has a hood formed in two parts, which
may be pulled down in front of the fire to quicken the dranght. The draught is partly
diverted through the back, which is of firebrick, into a chamber. This chamber 1s en-
closed in an iron chamber, into which fresh air is admitted. The air is heated, and
ascends into the room. Foul air is drawn off from the ceiling to the lower part of the
grate and passes through the inner chamber, just noticed, into the chimney. (Plate 3.)

No. 20. A. B. VERRIER.—* Comet ’ Grate. The same as No, 19,

No. 21. Rosser & RusseLL.—Fireclay stove. All of firebrick, exeept a narrow
section of grate, forming the front part of the floor. The back is deeply fluted. The
draught passes up in the flutes, and is reversed downwards behind the back of the grate,
whence it is carried off to the chimney. Fresh air is heated within the firebrick sides
of the grate, which are hollow, and is delivered into the room.

No. 22, W. P. TavLor.—Air-opening in hearth in front of grate, to supply it, as in
No. 17.  Also air-opening into the fire through a brickwork back, between the bricks.

No. 23. G. HauLer & Co.—Kohlhofer's Hot-Air Stove. The products of com-

bustion pass up and down a number of large pipes grouped within a sheet-iron casing,
into which fresh air is admitted. The air is heated and delivered into the room. (Plate 5.)

No. 24. PerceEvaL & WEsTMacoTT.—* Sanitary Stove,’ designed to be of fire-tiles ;
but made of iron in this instance. An upright square stove, having an outer casing of

H



a0 TESTS OF OFPEN GRATES.

sheet-brass enclosing an air-space on all sides and on the top. A taper flue rises from
the roof of the fire-place into the chamber formed above it, whence the gases escape
through a nozzle at the back to the chimney. (Plate 4.)

No. 25. Tee Rapiator RanGe CompaNy.—The ¢ Radiator® Fire-grate. Same ag:
No. 18.

No. 26. E. H. SHorLAND.—The ¢ Manchester® Grate, G. L. Shorland’s patent. An
ordinary grate, with firebrick lining. Narrow slit through back, 2 inches by } inch, for
air to enter into the body of the fire. Fresh air is admitted from below, over the back and
sides, which are gilled, and rises into two pipes to supply other rooms with warm air.

No. 27. A. C. ENGERT.—The ¢ Solo’ Grate. A grate of barrel form, occupying three
fourths of a cirele, in vertical transverse section, with quadrantal bars forming the front
and part of the bottom. The back and the backward half of the bottom consist of a
solid semicircular plate, which radiates the heat into the room. It is adjustable circum-
ferentially so as to regulate the opening through the grate-bars, the access for air, and
the rate of combustion. The grate is fed, at intervals, with fresh coal at the back, which
is pulled forwards towards the front as required, to replenish the fire.

No. 28. R. H. GriFFI¥.—The sides, back, and floor of the fire-place are of iron,
perforated, so that air enters into the fire-place on all sides. The back and flanks of the
grate are of cast-iron, with shallow gills east on the back surfaces, filled up flush with fire-
elay to 1 inch in thickness. The roof also is coated with fireelay. External air is
admitted into a chamber behind the grate, and is warmed, and then delivered into the
room at the upper part.

No. 29. J. WavisH.—An ordinary grate was tested, for the purpose of comparison
with the same grate when fitted with Mr. Wavish’s system,

No. 30. J. Wavisu.—The ¢ Economiser.’” The bottom of the grate of No. 29 was
closed by an iron plate, on the centre of which a vertical hollow eylinder, perforated, was
fixed. The air entering the cylinder from below was delivered heated into the heart of
the fire. (Plate 6.)

No. 31. J. Wavisg.—Ordinary grate, as in No. 29.
No. 32. J. WavisH.—The ¢ Economiser.” As in No. 30.

Crass IL—OPEN GRATES HAVING SOLID FLOORS, ADAPTED FOR *SLOW
COMBUSTION'® AND UPWARD DRAUGHT.

No. 33. Banrnarp, Bisor & Barvarps.—*Glow-Fire, Everitt & Barnard’s
Patent. Firebrick lining and floor. Air admitted from ashpit, passes up behind back,
and through an opening over the fire, under a baffle or slab of firebrick, above t.hre
fire, The air is to mix with and consume gases rising from the fire. The gases and air
pass out to the chimney through an opening at the front of the baffle. (Plate 6.)

No. 34. BarNARD, BisHoP & Barnarps.—* Bartlet’ Grate. Firebrick lining and
floor. High and shallow. The front bars are vertical, S]ﬂpi]]?; outwards at the lower part, so
that fuel falls freely as it is consumed, and all the *living fuel’ is presented at the front.
(Plate 7.)

No. 35. BARNARD, Bisnor & Barxarps.—¢ Bartlet’ Grate, as in No. 34.

No. 36. DErwENT FouNpry Conmpany.—¢ Abbotsford > Grate, Firebrick lining and
firebrick floor laid upon the hearth. (Plate 10.)

No. 37. Mansuapt, Warsox & Moorwoop.—*¢ Harleston ” Grate. The fire-place has
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fireclay backs, sides, and floor. The stove is not recessed in the wall, but is placed in front
of the chimney jambs, and so it projeets into the room. It is surrounded by a canopy at
the sides and the upper part, being a hollow projection of angular section, forming part of
an air-chamber around and behind the grate. The external air enters the chamber at
the level of the floor, and is warmed, and ascends and is delivered through apertures at
the upper part into the rcom. (Plate 8.)

No. 38. Douvrton & Co.—*Tile Grate Formed of fireclay, on a fireclay
hearth. The fuel is laid on the hearth, guarded by a grid in front, which stands on the
hearth, and can be placed in any position required, The back is sloped forward on the
hearth. The fuel, piled up against the back, burns away mostly at the upper part,
where the current of air strikes on the top of the fuel, on its way to the chimney. The
heap of fuel partly projects into the room; and heat is radiated freely. The flanks
of the fire-place are splayed, so as to further promote radiation of heat. (Plate 9.)

No. 39. J. B. PeErtER.—* Nautilus’ Grate. Placed in the chimney recess. The
floor and the back form, in cross section, a continuous curve, and are of solid fireclay.
Curving upwards, they form a convolution, which is continued in metallie plate, whence the
gaseous pr::)ducts pass off horizontally to the right and the left, and meet in the chimney,
(Plate 10.)

No. 40. StEEL & GARLAND.—* Wharncliffe’ Grate. The stove is set in front of
the chimney jambs, and is formed with a hollow canopy, like that of No. 37, made with
gills on the inner face, to augment the warming surface. Fresh air is admitted into a
narrow air-chamber at the back, and is delivered through openings at the upper part
into the room. (Plate 11.) :

No. 41. F. Epwarps & SoN.—Dr. Arnott’s Grate. Slow combustion. Fire is
made up for the day on a grid, movable vertically by a serew motion. It is lit at the
top, and burned downwards, and is elevated as required, so as to maintain one level of fire.

No.42. F. Epwarps & SoN.—* Smoke-preventing Slow-combustion Grate.! Solid
floor. The fire is made up for the day, lighted at the top, and burned downwards. A
movable blind is in front, enclosing the fuel, and lowered as required, to admit air for
burning down the fire. When coal is very dirty, a grid is placed as a bottom. Air
is heated behind the grate, and delivered into the room at the front.

No. 43. F. Epwarps & Son.—* Slow-combustion Grate,” The same as No. 42,
No. 44, J. B. PErTER.—* Nautilus’ Grate. The same as in No. 39.

No. 45. Frost & WiNFIELD.—The grate is made with firebrick lining and floor ;
also firebrick roof slab, or baffler, nearly horizontal. Cold air from the ashpit ascends
behind the back, and passes through holes in the back—at the bottom into the fire, and
at the upper part above the fire. These horizontal currents meet currents of air from the
front—through the fire and above the fire—for the purpose of effecting the eombustion
of the fuel, as well as of the gases which rise from it. The gaseous products above the
fire pass up partly through holes in the baffle slab, and partly round the front of the
baffle, into the chimney.

No. 46. BarvarDp, BisHor & BArNARDS.—* Glow-Fire.,” The same as No. 33.

No. 47. T. MrrcHELL—Common grate, lined and floored with fireclay, The buck
and the side linings were formed with an overhang at the upper part.

No. 48, T, MircHELL.—The same common grate, in ordinary condition, to compare
with No. 47.

No. 49. T. MircHELL.—The same common grate, lined with fireclay, overhung, as
in No. 47, with open grid bottom.
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No. 50. T. MircHELL.—The same eommon grate, lined and floored with fireclay.
The back and the sides were formed straight, without overhang.

No. 51. T. MircHELL.—The same common grate, lined with fireclay, flat as in
No. 50, with open grid bottom.

No. 52. T. MircHELL.—The same common grate, in ordinary condition, as in
No. 48.

Crass IIL.—OPEN GRATES, UNDER-FED: SUPPLIED WITH FRESH FUEL
BENEATH THE INCANDESCENT FUEL,

No. 53. E. R. Hovrraxps.—Under-fed Grate. A movable grid, to uplift the
burning fuel, and make room for fresh fuel beneath it; after the fresh fuel is laid

in, the movable grid is withdrawn, and the fuel settles down on the permanent grid.
(Plate 11.)

No. 54. H. ToompsoX.—* Smokeless Stove.! An ordinary grate, having a solid
cast-iron bottom. The front is movable upwards. To stoke, a separate plate is intro-
duced at the bottomn under the fuel; the fuel and the front of the grate arve raised
together by a simple lever-action, and space is made for fresh fuel delivered from a
shovel. The plate is then withdrawn, and the first position is resumed.

No. 55. Brown & GREEN.—‘ Smoke-consuming Register Stove.” Fuel is placed
on a trough at the front of the grate, level with the bottom, and is pressed into and
helow the fire by means of a hoe-shaped feeder. The back of the grate is inelined forward

at the bottom, so as to narrow the area of the grid, and cause the fuel to slide forward
as it burns away. The back is slotted, to admit air to the fire. (Plate 12.)

No. 56. W. 8. MeLVILLE.—A taper-pointed hollow shovel, to supply fresh fuel
beneath the fire. The fuel is contained in the body of the shovel, and is pushed into
the fire by a piston inside.

No. 57. E. H. SHorRLAND.—¢ Princess Louise,’ G. L. Shorland’s patent. Fire-

brick lining and floor. Under-fed, by means of a taper box-shovel, to admit which the
front bars slide upwards.

" No. 58. Yares, Havwoop & Co.—The lower part of the grate is movable, and
is removed for feeding fresh coal from below, whilst the ineandescent fuel is temporarily
upheld. The bottom is then replaced, and the temporary support withdrawn, and the
fuel settles down together.

CLass IV.—OPEN GRATES, T0 WHICH FRESH FUEL IS SUPPLIED FROM
THE BACK, OR THE SIDES, OR FROM HOPPERS.

No. 59. A. C. FNGERT.—An ordinary grate, having a coking box at the back,
filled with fresh eoal, which is pushed gradually into the body of the fire, as required,
by means of a movable plate; and the gases are gradually distilled and consumed.
(Plate 12.)

No. 60. A. C. ENGERT.—Grate with coking box. Same as No. 59.

No. 61. MusGravE & Co.—* Ulster’ Smokeless Stove Grate. Sides and floor of
firebrick. A hopper is constructed at the back of the fire, to hold a supply of coal,
which descends as it is burned away, and passes into the fire-place at the back through a
large opening at the lower part of the hopper. The fuel is loosened as required, and
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pushed into the fire by means of a lever. Fresh air is admitted at the back of the
grate, and is delivered warm into the room. A perforated rolling curtain, made to slide
up and down, acts as a blower, whilst permitting the fire to be seen through it. (Plate 13.)

No. 62. Tae CosLEROOKDALE CoMpPaNY.—* Gassius’® Grate. The floor is solid, of
firebrick. The lower part of the front consists of three horizontal bars, and the upper
part of twelve vertical firebrick slabs, § inch thick, presented edgewise. The bars are
enclosed by mica plates in front. The fuel is fed from a hopper receptacle at the back,
at a low level. The combustible gases rise between the fire-tiles.

No. 63. J. M. StanLEY.—The grate is fed from a hopper at the front. The sides
and back of the grate are of firebrick. The gases are burned as they are distilled into
the incandescent fuel below. The draught is carried through four openings at the
bottom—two through the back, and one at each side—whence it passes through tubes
or pillars, by which they are conducted into adjoining rooms for heating purposes.
Fresh air is warmed behind the grate and delivered into the room. (Plate 13.)

No, 64, J. M., STANLEY.—Same as No. 63.

No. 65. H. E. HooLE.—* Radiating and Reflecting Grate,” Coal is deposited in
a small hopper at each side, forming hobs, and passes throngh an opening at the lower
part of each hopper into the fire, occasionally assisted by the use of the poker. The
fire-place is encircled by a polished reflecting surface of the form of a truncated cone.
(Plate 13.)

No. 66. ArcHiBALD SMmITH & STEVENS.—Russell’s ¢ Wonderful * Grate. TFresh ecoal
is supplied from a hopper above the grate, at the front, passing backwards and downwards,
and delivering the coal at the back of the grate. The grate stands forward, so as to present
two open sides as well as the front, for radiation. (Plate 15.)

No. 67. ArcHIBALD SMITH & STEVENS.—* Wonderful ' Grate. Same as No. 66.

Crass V.—OPEN GRATES, HAVING A DOWNWARD, OR A4 BACKWARD, OR
A LATERAL DRAUGHT.

No. 68. THE CoaLBROOKDALE CoMPaNY.—* Kyrle * Grate, Parker’s patent. Firebrick
lining and floor. The draught is mostly downwards through an opening at the lower
back corner into the flue. There is also a backward draught through an opening in the
(baﬁk, just )abmfa the fire, which meets the backward draught ascending from the bottom.

Plate 14.

No. 69. Capray T. E. CLARKE.—* Ventilating Grate.” Downward draught throngh
the bottom, returning through a pair of pipes, one at each flank, into the chimney,
External air is admitted behind the grate, in a chamber enclosing the back of the

grate and the pipes, and is delivered warm into the room. Or, air from the room may
be passed in and heated. ;

No. 70. Capraix T, E, CLAREE.—¢ Ventilating Grate.” Same as No. 69.

No. 71. Toe DErweNt Fouspry ComraNy.—Jobson’s ¢ Smoke-burning Register,
having firebrick lining. The draught ascends, and is reversed down a pocket flue
at the back, at the lower end of which it meets with currents of air passed from the
front through tubular fire-bars, and there heated, for burning the smoke. The draught
also, in part, descends between the fire-bars, and meets and mingles with the descendin
draught at the back, with the air from the fire-bars. The united eurrents pass off to the
chimney by a back flue, corrugated and gilled, in which the draught is regulated by
means of a swing damper. Fresh air is admitted into a warming chamber at the back
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of the grate, which is gilled, and enclosed with sheet-iron ; and is passed off into the
room at the upper part.

No, 72. M. Feeraam & Co.—°Smoke-consuming Dog-Grate,” on the Hurst
principle. (See No. 73.) Hollow gill-cheeks, with a nozzle at the back. Downward
draught through the sides to the under side of the grate.

No. 73. M. FEeTrHAM & Co.—The ® Hurst * Grate. Designed for slow combustion :
hollow iron back and cheeks made with horizontal gills, to form a zigzag course for the
draught upwards within them. The draught passes out by three ways: downwards, and
principally, through the grate, into the ashpit, which is closed, whence it passes off by
an opening through each cheek, and upwards within the cheek. The stray smoke
passes off through the back just above the fire, and descends to the bottom, where it is
split, and whence it rises right and left to the upper part of the grate, Here the three
currents meet, and they pass to the chimney. Fresh air is admitted behind each side
at the lower part, and ascends to the upper part, where it is discharged into the room.
The backs of the sides are made with upright gills to facilitate the warming of the
ascending currents of fresh air.

No. 74. M. FEETHAM & Co.—The * Hurst * Grate, Same as No. 73.
No. 75. M. FeerEaMm & Co.—The ¢ Hurst * Grate. Same as No. 73.

No. 76. Yartes, Havywoop & Co.—Redmayne's Grate. Firebrick sides, back, and
floor. The dranght passes horizontally through the back and sides, which are perforated,
and it descends into a smoke-box below the floor ; thence it passes up through pipes into
the chimney. The pipes and the back are enclosed in a chamber, into which fresh air is
admitted. The air is heated, and it passes into the room at the upper part. |(Plate 21.)

No. 77. Yares, Haywoop & Co.—Redmayne's Grate. Same as No. 76.

No. 78. Deaxe & Co.—Crane’s Anthracite Grate: Firebrick back and sides.
Downward draught through epenings in the sides into the ash-box; thence upward
behind the back to the chimney. An opening in each side, at the upper part, to let
off stray gases, which are led down behind the sides into the common flue. (Plate 15.)

No. 79. DEeANE & Co,—Crane’s Anthracite Grate, Same as No. 78.

No. 80. Josern MooRe.— Ordinary Grate. The draught is principally taken down-
ward through the bottom grid. Just above the fire, the dranght also passes through a slot
in the back into the flue. The air of the room enters at the bottom behind the grate,
through the sides, and is delivered warm into the room at the upper part. A sliding
blower is in front. (Plate 16.)

No. 81. STEEL & GARLAND.—* Kensington * Grate. Firebrick sides, back, and floor.
The sides and back, suspended from the upper part, hang half~way down into the fire-
place. Gases pass direct from the fire under and behind the sides and back, and are
carried behind an inner plate to the space below the floor of the fire-place, whence they
move up behind the grate to the chimney, Fresh air is heated in a chamber at the
back, and is delivered into the room. (Plate 16.)

No. 82, Crarg, BusNerr, & Co.—Ingram’s ¢Kaio-Kapnos® Grate, has firebrick
lining and floor. The gases pass through the back and downwards, and under the floor
of the grate to the front ; thence under a horizontal partition plate, to the back, and up
the chimney. The draught may be partially or wholly carried directly upwards. (Plate 17.)

No. 83. Crarg, Bunserr & Co.—* Kaio-Kapnos’ Grate. Same as No. 82,

No. 84. STEEL & GARLAND.— Kensington’ Grate. Same as No. 81.

No. 85. PBrow~N & GREEN.—f Luton’ Register Grate, to burn anthracite. Fire-
brick back and sides ; holes through the back half-way up, covered with the fuel, through
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which a back draught is conducted. The bottom grid is sloped upwards towards the
back, reaching up to a flue passing through the back just above the fire. A few small
holes at the upper part for stray gases to pass away into chimney. (Plate 17.)

No. 86. W. I. HExry.—Reeve & Henry’s ¢ Smoke-Purifyer ’ (¢ Calpean’) : Hob-grate.
The bottom grid is closed by a sheet-iron plate applied below it. The draught is direct,
through slits in the back, into a filter-bed or box containing iron turnings, which, becoming
red hot, consume the smoke. The burnt gases pass to the chimney. A shallow chamber
is constructed below the bottom plate, in which external air, admitted at the back, is
warmed. The warmed air passes off into the room by side openings. (Plate 16.)

No.87. W.I. HENrY.—Reeve & Henry's ¢ Smoke-Purifyer’: Hob-grate. Same as
No. 86.

No. 88, T.E.PARKER.—The ¢ Vencedor’ downward-draught fire. Has a solid bottom,
on a plate formed with gills. Air is admitted below the plate, passing between the gills,
and is heated. It passes to the back, and meets incandescent fuel at the back angle
of the fire-place, which is open there. The current passes into a tapered chamber of
firebrick. The gases which rise from the top of the fire are drawn over the back plate
through a slit into the tapered chamber, the gases being heated by the back plate in
their descent. The currents are united in the taper chamber, and pass through a narrow
aperture to the chimney. (Plate 16.)

No. 89, T. E. PargerR.—The ¢ Vencedor ’ Grate. Same as No. 88.

No. 90. J. CornrorTH.—The fire is covered by a horizontal hood, under which the
gases pass to the back. Thereare hollow bars through which air from the front is passed
and is heated. The air is delivered at the back, where it meets the gases from the fire,
to consume the smoke,

No. 91. W. I. Henry.—Reeve & Henry’s ¢ Smoke-Purifyer ’ (¢ Calpean ") : Register
Grate, adapted as in No. 86.

No. 92. DgaNE & Co.—Crane’s Anthracite Grate. Same as No. 78,

No. 93. W, LawgreNCE.—There is a combustion-chamber at the back of the fire-
place, into which the gases and air are passed. Incandescent fuel from the fire-place is
deposited here by gravitation, and maintains the temperature for combustion, as the
gases pass over and above it. Fresh coal is lodged in shoots, one at each side of the
grate, opening at the lower part into the fire-place. The coal is distilled gradually, and
the gases are passed into the fire and consumed.

No. 94. TreE WiLsox ENGINEERING CoMPANY.—An ordinary grate, to the back and
flanks of which covering plates are applied, enclosing shallow air-spaces, extending from
the bottom grid to the upper part of the grate. These air-spaces are open to the fire at
the lower part, forming flue-ways, so that, when the register is closed, the draught enters
them direet from the fire, and passes upwards to the chimney. The plates are made with
gills, so that the gases follow a zigzag course upwards; and as the plates become
highly heated, the ascending gases are maintained at a high temperature, for the
purpose of consuming smoke. At the same time, heat is radiated from the plates.

Crass VIL—-CLOSE STOVES.

No. 95. C. B. GREGORY.—* Smoke-burning Furnace,’ enclosed in a cubical casing
of cast-iron, lined with firebrick. The fresh fuel is charged into a steeply inclined
hopper of firebrick, and falls upon a horizontal grate. Air is admitted to the fuel at
the lower put of the hopper, and throngh the grate. Air is also admitted at the front ;
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it passes along the sides in contact with and heated by the hopper, and is discharged at
the throat of the furnace at the back, in two streams,from opposite sides, meeting and ming-
ling with the combustible gases from the fire. Complete combustion is thus effected.
(FPlate 19.)

No. 96. MusGraveE & Co,—Slow-combustion Stove. An upright cylinder of cast-
iron, lined and floored with fireclay, having an ash-door at the bottom and a feeding-
door at thetop. The gases rise to the topand pass over the back into a descending flue,
whenee the current twrns under a partition into an ascending flue, whence by a nozzle at
the upper part it passes into the chimney. Fresh air is admitted at the lower part into
a casing enveloping the cylinder and the flues. It is warmed as it ascends in contact
with their surfuces, and escapes into the room at the upper part. (Plate 20.)

No. 97. Rev. H. J. NewcoMe.—* Tubular Air-warmer.,” Consisting of a group of
horizontal pipes, connected with a close stove, from which the gases pass through the
pipes. The soot is swept from the tubes into a reservoir. The air of the room or hall
circulates around the pipes and becomes heated. (Plate 22.)

No. 98. B. J. KuxGENpERG.—Reck’s Stove. An upright eylinder of east-iron,
enclosing a stove at the lower part, from which the gases ascend into a cylindrical flue,
which is divided by a vertical partition, so that the draught passes up one side and down
the other side of the partition, and passes out at the lower part of the flue-pipe. The
stove and the flue-pipe are surrounded by fresh air introduced from below, which passes
up and is warmed as it goes, and is discharged at the top of the casing. The body of
the fire-place is enclosed in an envelope, with a narrow air-space between them ; thus it
is provided that the air to be warmed is not liable to be scorched by contact with over-
heated iron.

No. 99. C. Portway & Sox.—* Tortoise * Stove, for slow combustion. A plain upright
eight-sided stove, lined and floored with fireclay slabs. The fuel burns on the tile
floor. There is an ashbox-door at the bottom, and a feeding-dcor at the top. The
products of eombustion rise to the upper part, whenee they pass oft by the nozzle to the
chimney. (Plate 21.)

No. 100, THE DERWENT FouNpRY CoMPaNY.—Jobson’s ¢ Slow-combustion Gill-
Stove.) Consisting of a number of open frame-like diaphragms laid side by side, and
bolted together with front and back plates, forming a eclose stove with twenty exterior
gills. It is divided into two unequal parts by a vertical partition, the larger of which
15 the fire-place, having a grid at the lower end and an ashbox. The draught is passed
directly upwards for lighting up, and is next reversed, passing downwards through the
grate, and upwards through the smaller compartment to the flue. The gases are met by
a eurrent of air issuing from the partition, which is hollow, to be consumed. (Plate 18.)

No. 101. Dourton & Co.—*Spiral Stove’ of stone-ware, consisting of several
superposed rings forming chambers. The fire-place is formed in the lowest chamber,
whence the gaseous produets rise into and pass round each ring in succession ; they pass
off from the uppermost ring to the chimney. The rings are supported one on the other
by perforated edges, through which air enters and becomes heated. The heated air
passes into and flows up the central cylindrieal shaft, whenee it is discharged through
a perforated covering. Air also is admitted into a compartment next the fire-place, and,
being there heated, joins the other currents of air and escapes at the top.

No. 102. Harry HuNT.—¢ Economy * Portable Stove, for burning anthracite, coke,
or other smokeless fuel. The body is a eylinder of cast-iron, on a cast-iron base to hold
the ashpan. The fuel is burned in a eylindrical fire-pot of fireclay, having a grid at the
hottom, which can be shaken so as to let drop the ash, or tilted so as to let fall the whole
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of the fire into the ashpit. The charging door, near the upper end, is made with panes
of tale, through which the fire can be seen. The gaseous products pass off direct hy the
nozzle at the back into the chimney. When day and night service is required, a hopper
for fuel is provided, placed over the fire-pot. The supply of air for combustion is
regulated by slides at the hearth.

No. 103. Harry Hunt.—*¢ Economy ’ Base-Burner Hall Stove, for smokeless fuels.
The body is a eylinder of cast-iron, on a cast-iron base to provide the base flues. The fuel
iz burned in a eylindrical fire-pot of fireclay, like that of the ¢ Economy’ Portable Stove,
having a tilting grid at the bottom. The fuel is filled into an upright hopper above the
fire, whence it 1s supplied by gravitation as the fire burns away. The gaseous products
pass over the top of the fire-pot, and descend at each side into the base of the stove,
beneath the fire-chamber, within which they circulate. Thence, they pass off by a
flue-pipe to the chimney. The charging door is formed with panes of tale.

No. 104. Yates, Haywoop & Co.—The ¢ Miser’ Stove. An upright cast-iron
cylinder, lined with firebrick. The lining is double at the back, forming a descending
flue for the gaseous products, which pass into the flue through perforations at various
levels. The gases pass to the right and the left at the bottom, and ascend through two
upright pipes or pillars, one at each side, into an upper chamber, whence they are drawn
off through a nozzle into the flue. (Plate 22.)

No. 105. Jonx CorxrForTH.—The ¢ Little Wonder.," An oblong rectangular stove of
cast-iron. The fire-bars are hollow, and are traversed by air which is heated on its way
through, and is delivered upwards at the bridge, so as to meet and mingle with, and
consume the combustible gases passing from the fire.

No. 106. R. W, CrostHwAITE.—Armstead’s Stove, No. 3. An upright eylinder of
ecast-iron, grated at the bottom, and lined with fireclay at the fire-place. The fuel is
charged at the top. The burning gases ascend, make a ecircuit in a spacious annular
flue of cast-iron round the upper end of the cylinder, and proceed thence to the
chimney. The area of radiating surface is doubled by the annular flue,

Nos. 107, 108, 109, 110. R. W, CROSTHWAITE.—Armstead’s Stoves, Nos. 1, 2, 4,
and 5, as in No. 106.

No. 111. W, Stopps.—¢ Crystal’ Ventilating Grate, for anthracite and coke. It is
half-round in plan, and projects into the room. A circular fire-basket, grated all round, has
a movable flat grid for the bottom, which can be shaken to clear out ash, or drawn aside
to let fall the fire. It is fed with fuel from a circular hopper, grated all round. The
whole is placed within a ecast-iron case made with panes of tale to show the fire. The
products of combustion pass upwards and enter the hopper at the upper part above the
fuel, passing through the grating of the hopper. Thence they descend through two
flues, one at each side of the hopper, to the base, whence they radiate heat at each side,
and pass off to the chimney. Fresh air is admitted at the base into the surrounding
casing, whence it is delivered warm into the room. (Plate 22.)

No. 112. Douvrrox & Co.—* Top-Feeding Stove,’ in stoneware. A square upright
stove, divided by a vertical partition, forming at one side a hopper for the charging of coal,
which gradually falls to replace the fuel consumed. The gaseous products pass throngh
an opening near the base of the partition into the other compartment, where they meet
an additional supply of air; and from the upper part of this compartment the gases pass
into the flue. It is designed thus to consume all the smoke. Fresh air is admitted into
the lateral warming spaces, from the upper parts of which it escapes into the room.
(Plate 23.)

I
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No. 113, Harry Hust.—* Crown Jewel’ Base-Burner Hall Stove, for burning
anthracite and other smokeless fuels. The fuel is burned in a hemispherical fire-basket
of east-iron in three pieces: the body and the grid-saucer, with a sliding plate at the
bottom. The body is grilled all round at the lower part for the admission of air, in
addition to the air admitted through the grid. The plate may be shaken, or it may be
withdrawn, to let fall the ash, or the whole of the fire, into the ashpan. The draught
passes over the edge of the fire-basket, and descends to the base, where it circulates
below the ashpan prior to passing off to the chimney by a back flue. (Plate 24.)

No. 114. Hagry Hunr.—f Hygiene® Ventilating Stove, for burning smokeless
fuel : resembling an ordinary grate, enclosed with tale windows. The fuel is burned in a
shallow cireular fire-pot of cast-iron, in two pieces, of which the upper part or body is in-
dented at the lower part, to form a grill for admitting air all round to the fuel. The
lower part is a eircular grid on which the fuel rests. It can be shaken or tilted, when
required, so as to let full the ash or the whole of the fire into the ashbox. The fuel is
fed from a round hopper above the fire. The draught passes over the edge of the fire-
pot, and descends through a number of pipes to the base, where it circulates below the
fire-<chamber ; thence passing by an upright flue-pipe to the chimney. The upright
pipes, with the flue-pipe, are encased in a hot-air chamber at the back. Fresh air is
admitted into this chamber below, and is heated in passing upwards around the pipes
and the escape flue-pipe, all of which are coated with fireclay, The air escapes through
a grating at the upper part into the room. (Plate 24.)

No. 115. Van pEr HARST.—Charcoal Stove. A eylindrical cast-iron stove, for burning
charcoal briquettes. No flue-exit is provided for the gaseous products.

No. 116. SteEL. & GaRLAND.—Four-pillar Stove (Redmayne’s). The same in
design as the ¢ Miser,” No. 104. There are four pillars or pipes, instead of two, as in
the  Miser.”

No. 117. Brown & GureeN.—¢ Twin’ Smoke-consuming Stove, or Double-heating
Stove. Inone stove the fire is made with a downward draught through the fire. The
gases are conveyed into the second stove, thence to the chimney. The second stove has
an inside lining enclosing an ¢ air-jacket,’ into which air enters at the bottom, escaping
warmed at the upper part. (Plate 25.)

No. 118. J. F. Farwic & Co.—* Calorigen® Slow-combustion Stove, Within a
cast-iron cylindrical easing, a cylindrical fuel-chamber of fireclay is placed eccentrically,
filled with coal, which is lit from the bottom, to which the supply of air is regulated. A
fresh-air chamber is placed beside the fuel-chamber, overlapping it sidewise, in which
external air, admitted below, is warmed ; the air being discharged at the upper part.
(Plate 26.)

No. 119. Tue SusnignT STovE CoMPaNY.—* Sunlight * Heating-Stove. The fuel is
burned in a brazier or fire-basket grated all round it, surmounted by a © heat-chamber,’
like a small table, in which ¢ the heat can spread,” having a baffle plate to prevent the
direct egress of the gases to the chimney. Fuel is supplied through the side of the
heat-chamber, which is fitted with sliding perforated doors. A movable ashbox is
fitted below the hrazier,

No. 120. J. DoxyacHIE.—*¢ Star’ Heating-Stove. An upright square stove of fire-
brick, in an open cast-iron casing. It is divided diagonally into two compartments by
a partition, over which the gases pass and descend on the other side of the partition ;
they then pass off into the flue. Air for coembustion is admitted behind the lower
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part of the partition, becoming heated, and passing throngh holes in the partition into
the fire-place. (Plate 27.)

No. 121. Douvrrox & Co.—Ordinary large Stove, in stoneware, ventilating. The
fire-place is formed at the bottom, whenee the gaseous products pass out into the body
of the stove. The gases are caused by baffle-plates suitably placed to take a zigzag
course upwards, and thus pass off to the chimney. Fresh air is introduced at the
bottom, and aseends through two upright square pipes into an air-chamber at the top,
from which it passes out laterally. (Plate 26.)

No. 122. W, BarToN.—The ¢ Premier’ Stove. Cylindrical, upright, and built up of
sections, without bolts or serews; easily mounted and dismounted. It is formed with
numerous gills on the outside for the conduction and rapid dispersion of heat. The
deadplate and grate, in one picee, can be withdrawn through the lower doorway.
(Plate 28.)

No. 123. Franz LoxmnoLnt—(Agents, Rosser & Russell, London).—Anthracite
Stove, base-burning. It is an upright stove, of cast-iron, having panes of tale to
show the fire. The fire is contained in a circular basket, into which the fuel is
supplied from an upright cylinder or hopper above the basket. It has a bottom grid
which is movable for shaking out ash and einders, without causing dust, as the ash
falls into a pan enclosed beneath the grate. The grate-basket is isolated and does
not touch the inner casing in which it iz enclosed. Air from the room, as well
as fresh external air, circulates through upright tubes at the sides of the grate, where
it is heated and whence it passes in upward streams into the room. Foul air from
the room is passed through a ventilator into the smoke-flue before it enters the
chimney. The products of combustion are drawn downwards, and they circulate in the
base of the stove hefore they pass to the chimmney. The supply of air for combustion
can be regulated or shut off. By this means, with the admission of air into the flue,
the fire in the stove can be regulated to burn several days and nights continuously,
with one supply of fuel. If charged with fuel at intervals of from twenty-four hours
to forty-eight hours, the stove burns continuously throughout the winter. (Plate 27.)

No. 124. Fraxz LoxpoLpT.—Anthracite Stove. The same as for No. 123.
No. 125. Frawz LowpoLDT.—Anthracite Stove, The same as for No. 123.

No. 126. H. J. Pirox.—Ventilating Stove, burning anthracite. This is an up-
right cast-iron eylinder, enclosing an inner eylinder, of which the lower part is ocenpied
by the fire-place, and the upper part is narrowed to a swan-neck form conducting the
gaseous products to the flue-pipe. The fire-place is of ivon, with a grid at the bottom.
The air required for burning the fuel is drawn from the apartment ; and the same air
1s allowed to pass upwards outside the fire-pot, to meet and mingle with the gaseous
products, and to pass off with them. The interspace between the outer and the inner
eylinder is oeccupied by fresh air admitted at the lower part, which is heated as it ascends
and passes into the room at the upper part of the outer eylinder. A pan of water is
placed beneath the fire-pot, and water is lodged on the top of the stove for evaporation
into the room. The casing is lined with a non-conducting substanee,

No. 127. R. W. CrostEwalTE.—Armstead-Gregory Stove. A combination of
Armstead’s Stove (No. 106) and Gregory’s Stove (No. 95). (Plate 28.)

No. 128. Brow¥ & GREEx.—Albion’ Stove. Upright eylinder of cast-iron,
lined with firebrick for part of the height., The grate may be withdrawn by the ash-
door, and the ash falls to the bottom. The nozzle or flue-pipe at the upper part is
guarded by a grid to prevent fuel lodging in it. (Plate 28.)
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GO TESTS OF CLOSE STOVES.

No. 129, BrownN & GREEN,
with valves for this purpose,

Cylindrical Stove, with reversible draught ; fitted

No. 130. J. DusnacHie.—* Star’ Heating-Stove., The same as No. 120,

ADDENDA.

E. KavLgacH exhibited the ¢ Phiebus ' Reversible Grate. The basket is cubical, made
of ornamental grating, admitting air to the fuel at every side. The basket is suspended or
two trunnions, which are supported by carriages that travel on rails. Thus, the fire can
be brought forward, or pushed back, and the temperature of the apartment regulated ac-
cordingly. A simple mechanieal arrangement, concealed in one of the earriages, and
consisting merely of a pinion and screw, enables the basket to be instantly reversed after
re-feeding. The fire is lighted from the top and burns downwards, consuming its own
smoke, as shown by the subjoined result of a test which took place in the open areade,
on March 7, 1882, The grate was three hours under a partial test, for smoke-shade ;
during the first hour there was no visible smoke, afterwards the smoke-shade varied from
No. 1 to No. 2 ; and the average smoke-shade for the whole time was 1-13. There were
no means, on this oceasion, of testing for temperature.

J. & J. McMiLran’s Under-feeding Grate was tested in comnection with their
kitchener, which is noticed at page 101.
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RESULTS OF THE TESTS OF OPEN GRATES
AND CLOSE STOVES.

The results of the tests of grates and stoves are embodied in the large
Table III., following, comprising the results of 130 tests, effected in 59 open grates
and 33 close stoves. They are placed in six classes, in chronological order for each
class, comprising a period of three months, from December 1881 to March 1882,



TESTS OF GRATES

TasLE 1I1.

AND STOVES.

SULTS OF TESTS OF OPEN
Crass L

GRATES

Open Grates, having ordinary

Hao, No. of Time
af testing Date Name of exhibitor Exhibitors titles, and deforiptions under
tiat riGm trial
1 | 3 3 a 5 @
h. m.
1 1 Dwe. 17, 1881 | J. G, Gray . Open grate, perforated loose back & 0
2 + A Barnard, Bishop & Barnards | The * Anthracite grate® . : E . : 2 6 0
3 + AR i s The British bamtar}r Co. Basket prate, enclosed in sheet-iron and glass ; heating air & 0
4 2 e R A M. Perret . * Radiating fire-grate, firebrick lining and roof : 4 0
5 2 st dglE i Do, . D, o, din, 4 &7
G 1 A J. Wright & Co. ' Hygienic ventilating stove,’ reversed :’Ir'LFt air hmtu:-d 5 0
7 2 o 2 ) F M. I’err;t. : As before (No.4) . . 3 : E . 60
8 2 SR Do, As before (No. 4) . % . . 5 4 37
9 & SRR | I J. Wright & Co. Hygienic stove, as above . : 6 0
10 3 Jan. 12, 1882 | 1. Potter & Sons . Open grate : thermhydrie (hot-water pipes), air heated 2 30
11 3 R Perceval & Westmacott ¢ Parlour stove,” heating and cooking ; air heated a U
12 ari:de R James Smith Open grate : coal coked at back 6 0
13 4 SR W. Poore & Co. . 5 . | *Triumph 'stove: firebrick lining, and blower . .| B 0
14 4 R Do, - 0 . . Do. do. do. a . - we |
15 4 A T. Mash 5 : z . Open grate : bhackdown tl'ra.ugllt- to deposit soot 3 0
16 1 SR . 5 : 5 g Do. di. dn. 6 0
T b SRR W. P. Taylor . : Fresh-air opening in hearth ; gilled and perforated har.,k 6 0
1% 2 Feb. 3 ,, The Radiator Range Cn. . Combustion chamber at back of grate a 0
"Comet " grate : firebrick lining, blower, he: |t.11|5 fresh air, Land |
1L 5 i A. B. Verrier q { drawing foul air from upper part of reom . i
20 B s Bt Do. = Do. do. do. 50
21 2 e T e Rosser & Russell Fireclay back, fluted ; air heated . 5 0
&2 2 ] W. P. Taylor Air opening in hearth and i:-penmgs 'rhmugh 'I:r'l‘ll:,k l:-ack a 0
an - 9 . Haller & Co Kohlhofer's hot-air stove : air-chamber above and at 5ldi'ﬂ, upi | = g
= = » " T : and down pipe-flunes Y I
o4 1 b b Perceval & Westmacott ‘ Banitary stove ' [
25 3 s The Radiator Range Co. As before (No. IHJ : o : ::1 5 0
. & 5 - The * Manchester * grate, G. L. Shorland’s pa.t{.nt Air heate
26 3 » 156 , | E.H. Shorland . Carriad O in Ticedl ‘5 0
27 | S ] e A. C. Engert The ¢ Solo® grate : half-barrel form grate ’ 4 50
25 "f.f_l"!:;' i Mar.16 ,, | R. H. Griffin Perforated back, sides, and bottom. FExternal air hr.'aled € 0
20 1 i B J. Wavish, plain grate Plain grate : 3 . . : . . i 0
Hi1] 1 SR Do. with apparatus The ¢ Economiser : ' air-cylinder in heart of fire g LB D
! last &
31 1 w120 Do. do. Iho. Aoy TR I PSR )
3z 1 o8 Do. plain grate . Dho.

a4

Plain grate : : : . . . . . . I




OPEN GRATES, BOTTOM GRIDS, AND UPWARD DRAUGHT. 63

AND CLOSE STOVES FOR HEATING. 1881-82.
bottom. grids and upward draught.

Furer-CoxsuaEen TEMFERATURES CHIMXEY EMORE-SMADE
Cioal Difference due to ___ o
At walls 6 feet high IE:';FE?E:‘:[:E: x;:iﬁ:{lf Temperatore
o, —| auh " fre. y Total | ATe-
S Total . Bxbhee are- | TASE
4 152 - | mge
——— ——— | Per hour ﬁcﬂ‘ al:;f;c 5"']:;55“ II.:.?.?I Av':“r:ge Tatal iwi;.::m 'I:Etl_ﬂ -'\"-!'ﬁ::l::' hour
Description | Weight IHANIT haour Tage hozr |*TOF0EC| oor rmge bour
) 8 8 10 | 1| 12 | 12 14 |l 18 17 18 | 19 | 20 | 21 | 22| a8
O, b, ozl M. or |lb.oz]|deg F.| deg. F. | deg. F. |deg. F. | deg. F. | deg. F. ::ﬁ:uﬁr T;:;m deg, F. | deg. F.| No. Mo
1| 4 |Wallsend [13 15 | 3 131 15[47%50 | 4650 | 5237 |56%8 | 11710 | 18°16 [491-0 401 |[138-86|1400 | 2.79| 2:67
T.
g | 16y Wallsend |3 © b2 1}|2 0f300 | 4325 | 5344 (5791 | 969 | 1867 |330-8 |32833222:0 |2400 | 1-92| 1-00
i Anthraeite | 9 8 g
3| 16 |Wallsend |15 0| 3 0 |0 12]42:19 | 44-25 | 5368 |5825 | 655 | 1067 |331-9¢|3600 | — — | #71]| 867
4| 40 |Anthracicel 8 0| 2 o0 |1 6|440 | 4350 | 4860 |510 | 1563 | 1967 |31631| 33000 | 250-00] 346-65] 0-79 | 0-38
5| 82 |Coke 31 8| 6 3%|2 12[440 | 48:50 | 61-39 |62:25 | 2335 | 200 |456:66( 4300 |194-55) 180:0 | 00 | 00
6| 16 |Wallsend 31 11 | 6 5|4 11410 | 450 | 5482 16305 | 1269 | 1867 |405-27)430:0 (81167 571°67| 389 | 20
7| 82 |Avthracitef2e 8 | 4 113 1i|4569 | 4525 | 5645 [57-25 | 22:50 | 28:0 |356-0%| 3300 |214-61| 163-33| 057 | 00
8| 16 |Wallsend 32 15| 7 2 |1 8|450 | 4875 | 6295 |69-08 | 5270 | 4388 |613-33| 630-0 | 327-78| 400-0 | 355 | 4-33
i | Anthracite|ls 4 ; ; i i =t x S h Z : = 2
R e o |3 03|l 8|450 | 450 | 5044 (5408 | 784 | 100 |346:80(303:3 | 17470 2200 | 160 | 067
10| 32 Do. (35 8| 312 |1 8|460 | 5450 | 7385 |8125 | 2425 | 270 [4300| — | — | — | 8B0| —
11| 24 Do. (12 0| 2 63|l 12[370 | 408 | 4797 |51'67 | 718 | 120 |2700 | — [1200 | — | 2:67| 00
(| Coke 2 0
13 [ Wpgatenmactelin 0dly (gl — lago | — — | — | 1187 | 2067 |201-40{ 303-30| 208-0 | 213-30 167 | 067
1 allsend- 17
Slack J
13 | 2¢ |Amhracite[13 8| 2 113 |8 14310 | 410 | 4483 [4842 | 567 [1033 | — | — |1200] — |00 |00
14 | 22 |Wallsend (17 13 | 4 741 5|320 |410 | 5167 5895 [ 1756 [ 2533 | — | — [1950 |2100 | 411 26
15| 16 Do. [o11| 3 9 |o 4|470 | 510 | 6070 |66-90 | 12:30 | 200 |390-T1| 4100 [191-43] 22000 | 483 | 3-88
16| 17 Do. (15 8| 38 14|s 7|180 | 5075 | 5911 6375 | 2163 | 300 |4800 | — [212:22 2300 | 248| O
17| 18 Do. |19 8| 3141|1 1]480 | 500 | 6218 |6568 | 2082 | 2900 |4800 | — |2027i] — | 262| 00
18| 17 Do. (I8 6| 3 10§|1 o390 | 5025 | 5847 |5066 | 12:01 | 180 — | — |e200|2200]| — | =
19 | =24 Dha. 19 2 3 1310 5]84-0 | 420 5404 |56°16G | 819 | 1338 | 337504 3500 [ 200-0 | 2100 | 366 | 2-33
20 | 20 Do. (2114 4 6 |1 ol4250 | 4475 | 5361 (5642 | 110 | 1333 |e300 | — |2800 | — | 295| —
21 | o3 Do. [1615] 3 6}|o 9f4250 | 5350 | 6654 [720 | 1990 | 260 [4300 | — |19556(2000 | 192| 00
22 | 1§ Do. (1711 8 8|0 6|400 | 490 | 5009 |64:25 [ 2691 | 360 |6300 | — |214:0 |260-0 [ 3-50| 20
23 | 24 Do. [3012| ¢ 24|0 9|380 |420 | 5732 |62:60 | 1973 | 220 |4300 | — |187-50{1550 | 3-00| 00
24 | 38 Do. )17 15| 3 984|0 6[380 | 4730 | 6887 (7358 | 1072 | 1133 |1650 (1950 |20667| — | 568 | 467
25 | 24 Do. (2412 4151|2 4|380 | 4625 | 6048 |6217 | 2136 | 2434 [4800 | — |1870 2000 | — | —
26 | 82 Do, 42 18 | 6 9 |0 12(40-0 | 50-50 | 64068 [GS25 | 1454 [ 190 350 — 1600 )| — 287 | 1-00
27 | a2 Do. (20 0| 4 o0 |1 1|5000 |5075 | 5814 |61-67 | 1218 | 160 |4920| — |22113] — | 1-81) 300
28 | 32 |Silkstone 20 0| 413 |1 o|5¢0 | 540 | 620 |650 - - A5 [l ! — | — |07 o0
20| 16 |Wallsend 17 1| 311 |0 6580 | 500 | 5850 [59-88 | 160 |[1780 | — | — | — | - | 258] 1-00
30 | 16 Do. [1610]|3 5| — 610 [480 | 580 |eos0 | 170 [1984 | — | — | — | — |181] 138
81 16 Do, 15 8 —_ — | 5380 4367 610 (G267 | 130 19 33 _— - — — 1-42 | 0-33
32| 16 Do. [B10]| — |1 o|4550| 450 | 520 |580 |200 2184 | — | — | — | — | 225|050




G4 TESTS OF GRATES AND STOVES.

TapLe IIL—RESULTS OF TESTS OF OPEN GRATES AND
Crass II. Open Grates, having solid floors, adapted

Mo, No. of Time
of tosting Diate Name of exhibitor | Exhibitors' titles, and descriptions nnder
st TO0Mm | ' trial
|
142 3 4 5 a
b. m.
23 2 Dec. 16, 1881 | Barnard, Bishop, & Barnards | ¢ Glow-fire ; * brick lumps . i : 3 « | 5 O
34 a3 i Do, do, ‘ Bartlet * grate ; brick lumps . ; ‘ : ; 6 0
35 2 T Do, do. Do, e, . . . « 5B
R1H 1 Jan. &, 1882 | The Derwent Foundry Co, | * Abbotsford’ grate do. . o AT r |5 O
a7 a oL { Mu.wrz'lclgll, Watson & Moor- } Harleston * grate; air heated behind & a0
38 2 S b Donlton & Co. . F ; Fire-place of fire-brick slabs . 4 " K .15 80
39 4 Akl J. B. Petter : : .| *HNauotilus'stove . : 5 z : . | & 20
40 5 o A Steel & Garland , 3 : * Wharncliffe ' grate, air heated lmh.m:!, : " = . | 5 30
41 i Sl SRR F. Edwards & Son . . | Dr. Arnott’s grate < 2 4 x A b O
43 b il Do, do. . . F Downward-burning gra.te v = , - . = .| 5 O
43 b oL S Do, do, . 5 . Do do. . 4 - .| B O
44 2 S | J. B. Petter . = + Nautilus " stove - 4 : L : A .| &5 0
16 2 Feb. 10 . Frost & Winfield - Fire lumps and baffle roofs : . . : 2 5 0
16 3 e A Barnard, Bishop & Barnards | ¢Glow-fire’ . . 50
47 2 Mar. 2 T. Mitchell : : . | Common grate, lined and floored with ﬁrec]ay : | (B
48 2 o oo oo D, 5 . . Do, in ordinary condition - : . O
45 2 T Do, . . ; Do, lined and open grid . 2 . . « |8 O
50 2 et S Dao. - . . Do. lined and floored with ﬂrec'lay 5 ' . . « |60
51 2 R D, 5 “ ‘ Do, Imad and open grid : ; ; ; & 0
52 2 e Do, 4 : : Do. in ordinary eondition & ; ; 5 B0
Crass III. Open Grates, underfed :—Supplied with fresh
53 [ 4 Dee. 27, 18581 | E. R. Hollands . : . | Under-feeding, with movable grate , P . |6 0 B
54 .ﬁ.ri:gde }Ja.n. 25,1882 | H. Thompsom . : . | Under-feeding, with movable plate floor F |3 0 i
65 ] e Brown & Green ., : 5 Under-feeding, with tray in front . g ; . + s 6 H
56 4 Fete e W. 5, Melville . : . Under-feeding, shovel 5 5 0 ¥
57 5 Febl . E. H. Shorland . ) i Pﬂril_luofl:!is Louise," 3. L, Shorland's Immnr. 3 underaleeamg h}'} £ D "
58 3 Fre S Yates, Haywood & Co. . | Under-feeding, with movable gm.te i 5 g ; : I 5 0 E
—+
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OPEN GRATES, UNDER-FED. 65

LOSE STOVES FOR HEATING. 1881-82—(continued).
or slow combustion and upwar;:l draught.

FukL CONSUMED TEMFERATURES CHIMNEY AMOEE-SHADE
Coal Difference dae to ; :
k. Atwaliototbigh | Jlson steet | Veloorof | pnporatars
el A | Extar o Total | ATe-
et | Weod Total Talt e e ;:lEL'-'
Per hoor At eom- Average| Total | Average Average Aveenge| ™% | poar
Taotal Tatal Total
- 1 z s last last
Deseription | Weight mnﬂ;rﬁ bt ) !:::r :Lr:r:e 1.::::- T Erage hu:l.r average | yoo
B |7 8 9 10 | m | 12 | 13 14 | 15 | 18 17 18 | 10 | 20 | 22 |99 | as
oz b oz | Wb, on. |1, oz|deg.F. | deq. F. | deg.F. |deg. F. | deg. F. | deg. . [CEPSF|feet e goy p | gog B.| No. | No.
(-] L] (-] L] L (=] L] (-3
3 8 | Wallsend (10 12 2 24 3460 G050 | 56-84 5904 | 1409 | 1017 |303-0 | 303-0 | 172-86| 1750 | 3-77| 1-67
Coke 6 0 f ; G T e A g e : il _ =
34 m{ Wallsend |11 10 }2 16 |1 8|4150 | 4160 | 490 |s52:25 | 12:57 | 17-33 |3830 11020 30 | 20
35 15{ Ejﬂ'ﬁi‘:ﬂﬁt = }3 532 12 (420 | 4550 | 6423 |59°0 | 1255 | 20:67 |B17:50 3500 | 204452200 | 5-10| 433
36 | 82 | Wallsend [12 11 | 2 82/1 o0/500 | 5250 | 60-29 [680 | 120 | 1467 (3300 | — |1600 |160:0 | 4-21] 383
37 | 24 Do. (37 0| 6511 [0 8|420 | 4525 | 5424 |6284 | 170 | 1767 |49705 51383 26077| 2000 | 436 | 233
38 | 48 Do. (21 13| 3 18}/0 14420 [51-76 | 6670 [7283 [ 1275 | 150 |2910 | — |[144:0 1400 | 1:33] 00
39 | 16 Do. [12 0| 2 4| — [380 | 4975 | 6815 640 | 946 | 1533 |226:11) 324-33) 2300 | 240-0 | 3-89 | 167
10 | 32 Do. (20 o] 310 — [880 |450 |6285 |6985 | 21-77 | 270 |4180 | 4800 |257-27| 363-33| 3-86 | 1-67
1 | 19 Do. [1718| 8 9|1 14820 | 3650 | 4414 |4417 | 1146 | 1467 |480:0 [ 4300 | 1550 |1850 | 3-10| 1.33
12 | 18 Do, 19 8| B 1342 5(420 | 41-50 | 4943 |60°50 | 14-18 | 1880 |430-0 | — |170-0 | 188-33| 298| 00
13 | 18 Do. [2010| 4 2|8 7|430 | 4875 | 4775 |s009 | 1528 | 200 [6300 | — |192:50/200-0 | 300 00
4| o Do. [13 9| 21132 8400 | 4750 | 5883 |63-58 | 1391 | 1770 1800 | — |210-0 |2400 | 281| o33
5 | 82 Do. [1712]| 3 &d|o 12|380 | 5150 | 5708 |5916 | 1508 | 1784 |2700 | — |1900 | — | 543 10
6 | 186 Do. (10 6| 2 1|0 8|5327 | 5325 | 6148 |61-74 | 1326 | 190 (3050 | — [10250/1400 | 236] 00
7 | 16 Do, (13 1| 2 930 9430 | 460 | 550 |6000 | 190 25:0 — — = — | 3-60| 30
L8 16 Do. 13 8 3 104(0 3% (420 | 460 65056 (G008 | 1882 | 2467 — e — - 2TR| 06T
9| 16 D, 16 5| 8 1 (0 2(860 | 430 | 50°12 (5442 | 11'64 | 1766 | — - — — | 340] 233 |
0 [ 16 Dao. 13 8| 21130 &(&600 | 490 | 5470 (5800 | 1165 | 140 — — — — | 240/ 1-33
1| 16 Do. (1514 3 280 14|580 |5225 |80 [er42[180 |10 | — | — | — | — |240| 032
2 | 16 Do. (20 4| ¢« of|o B|s40 |5375 630 [6783 1860 [2¢0 | — | — | — | — |166] 00
e

el beneath the incandescent fuel, with wpward draught.

: f | Wallsend |15 0 1 : ; : N : : _ : :
8| 119 |Cinders |0 11 [f2 3|1 04352 | 4525 | 578¢ |64'50 | 1320 | 150 |370:0 | 4300 | 13480/ 2100 | 262 10
. Wallsend | 2 5) 5 -

4 15{ L 1H}l Tt s s — || e B e el [ R R e
5 | 21 |Wallsend (20 3| 4 03/2 1|31:0 | 4150 | 5302 |56:88 | 2146 | 2730 |4300 | — [13750{1550 | 212 —
6 | 24 Do. (11 6| 2 4il0 9400 | 5025 | 61-20 |62:80 | 910 | 110 |[193-38 2100 | 2020 (1200 | 414 ] 30
T 16 Do 12 B 2 71 2(330 | 5950 | 4715 | 50022 | 1540 19-30 | 450-0 — | 2590 | 2900 | 300 20 |
8| 24 Do. (6 4| 3 1 7|400 | 4875 | 5415 [r.n-ﬁf 9158 | 13-33 (3300 | — |2062 2250 | 231 533
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TESTS OF GRATES AND STOVES.

TapLE III.—RESULTS OF TESTS

3 OF OPEN GRATES
Crass IV.

S AND
Open Grates to which fresk fuel is supplied

N, Mo, of
of | testing Trate Name of exhilsitor Exhibitors® titles, and deseriptions Time
st Pt under
trial
1 2 3 St 0 4 5 8
h, m.
ad 1 Dee, 12, 18581 | A, C. Engert Coking box at back . o 4
G0 4 Feb. 20, 1882 Do D, de. . : : S o e | SR
HorpPER-FED.
il | Dec. 15, 1881 | Musgrave & Co. . * Ulster " register stove, hopper at back, heats air 6 0
62 ] o The Coalbrookdale (‘umpﬂm ¢ Gassing * prate, hopper fed, solid bottom . - : 4 B 0
LiH 4 oSl J. M. Stanley Downward draft, hopper fed . . . . . 4 B 0
Gid 4 Jan. 2, 1882 D o ] D, da, . E . . 8 0
fils 1 Feb. 2 H. E. Hoole . Hopper at each side, openings at bottom ; conical reflector 5 0
i 4 PR TR Archibald Smith & Ht:wens * Wonderful * grate, hopper at back . : 3 . . | & 0
67 4 i Do. o, o, do. dun. SRR U L
Crass V. Open Grales, having a downward,
GR 4 Dec. 24, 1881 | The Coalbrookdale Co. .Tfflg.;'lteﬂmp:rate. firebrick lining and linur, backward ﬂ.mught M.} 50
(i1} 3 S Captain T. ¥_ Clarke . Downward ﬂraul,.ht air heated behind . . & 0
70 3 o B s Do do. . Do o duo. d rrl = & 0
’ e t Smoke-burning register,” Jobson's pa.lcnl;, ownward an }
71 4 Jan. 4, 1582 | The Derwent Foundry Co. { backward draught ; tubular air-bars . 6 0
T2 3 P M. Feetham & Co, Ventilating dog grate, fire-basket, dow nwar{! ﬂmllf.ﬂ]t x 4 32 .
73 ] T D, do. “ Hurst” grate, downward and backwarnd dranght, air heated. |6 0|}
T'-I :'! 1 '.'} " -‘DO‘- d’D- Dﬂ !1ﬂ dcl 5 Eﬂ
ia a LU Do, di, Do, do. ;’!r{ i 6 0
iy |
76 4 Slde Yates, Haywood & Co. Hﬁﬂau:i]nes patent, hankw:u'd d:aught. m it : Uﬂf' mf} 530 |
L GoAR Po. da ¢ Do. " do. do. i I
w8 3 g TR Dame £ Co {Grﬁ:;:.gﬂthmmte grate, firebrick l..'ra.ck and mdes, duw::fw } 5 0
70| Sa N | S T Do. prrh " do. do. 5 0
By 4 w 18 J. Moore . n . ]'"!raught backwards and downwards, air heating . b 0
B1 2 , 21 . | Steel & Garland. . . ‘Kensington’ grate, back and sidedranghtsinto flue, mr'hmtmg 5 30
B2 4 w 21, | Clark, Bunnett & Co. . Ingram's * Kaio-Kapnos ' grate: backward draught,air heating (5 0 ||
B3 4 ) B Do. ilo. Da. do. do, SRl R |
B4 2 SRS B Steel & Garland . i K_cnsmp'mn grate, as above : 5 0
i 3 et SR Brown & Green , B " ¢ Luton * register gmm. backward dranp;ht. h . 1 & 0
" fteeve & Henry's * smoke purifyer® (¢ Calpean °), ho grnta 5 0
i . Ty, s WL : : { backward draught, and filter chamber .
BT a i Do, - 1 . do. do. 5 0
8 2 1 . 2 . ||T.E Farker - | Downward and backward dranglt e i e b 0
] 3 B L O Tha, : Do, da. ; 3 : 5 0 |
90 i R J. Cornforth Hollow air-bars and backward draught. - } : 5 0 '
. Reeve and Henry's *smoke purifyer’ (* Calpean regls er} 50
o : IS B m L grate, with back dranght and filter chamber R L
92| 4 2100 G i enna-k Bosiis o8 Crane's grate, as above S Bl
CE] | TR W. Lawrenee , Backward dranght, into a combustion chnmh-ﬁr o 3 5 0
04 4 Mar, 15 The Wilson Engineering Il;‘n 50

Backward and lateral dranght ’ .-




OPEN GRATES, DOWNWARD OR BACKWARD DRAUGHT.

67

}i #
OSE STOVES FOR HEATING. 1881-82—(continued).
rom the back, or from the sides, or from hoppers.
FukL CoxsusEn TEMPERATERES [ CHIMXEY 0K B2 HADE
Rl Lk | T B
Coal At walls 6 feet high .-:mn:::f.:, 5 ln-ﬁ? ‘ﬁ'?““‘{f" Femperaturs
Aszh high, GOE. froon five | Lo T tal Aves
Wood Total i’-:‘_:j"*- — ; = | s B ave- oy
Per hous 5 [[Aem | e [ASorvey Dol | Atummas ) ey |Rperase Tonl [Aremee 1% | o
Deseription | Weight mant BYETARE | hwur g howr  [UTOTAER | pagr (] hawar
T ] 2] 10 11 12 13 14 16 16 17 18 | 1@ 20 a1 22 | 23
0. e tl:;;.ﬁ Fu:» oz. |Ib. oz |deg. F. | deg. F. | deg. F. |deg. F. | deg. F. | deg. F. (008 WeTjisst DU gop p | dog. .| No. | Ne.
12{ Hard Stm (14 0 |} 5 1240 13[3850 | 300 | 5783 |e1B1| 792 | 867 | — | — | = | 2 | 16| 00
Wallsend | 4 6 .[
32 | Wallsend |14 3 2 l.‘ig‘ 0 4390 100 ab 52 |5T'16 | 1128 150 AAT0 - IAEIRT] —_ 202 033
Cinders 4 81 w y . =, T . A - el ] e
lﬁ{ Wallsend (12 0 |J 3 5014|430 E HAT 56°15 | 5808 | 1030 | 1166 | 3450 =23 | 1-67
24 Wallsend |17 8 3 & |2 6)42:0 4550 | 5379|5775 8:55 140 15890 - 1180 | 1460 | 1-76) 00
16 s Do. [32 8| 5 63|1 0[450 | 5450 | 6892 |77-66 | 100 150 3480 | 33333 523:0 | 400:0 :z-zi1 20
Wallsend (3 0 = . ~1 7 : ; P e ayas=| apps 6 |
32{ W }4 0 (1 0f450 | 4975 | 6178|7058 | 901 | 1267 |328:80/ 20667 21577 26677 085 00
24 Wallsend |10 14 2 230 4|330 450 GB-80 | GE-20 | 1460 | 230 1500 -— 15775 186:67| 2-55| 1-33
32 | Anthracite|l9 11 | 3 15§|0 & |#9-0 G0 BO-OL |G4-50 | 14-46 | 22-0 | 452-0 | 56334 2510 | 276-67| 052 | OO
24 Wallsend [25 4 5 030 14840 460 5702 | 61-16 | 140D | 2067 |[401-11 4:{:1-:t:tj 2H66T | 28667 -1-2‘.}] 4-33
r a backward, or a lateral drawght.
(1] 32 | Anthracitel 8 8 1 l]il 2 0350 430 51-11 | 64-25 | 13:11 1834 IHIE'{] — — — 000 | 00
69 12 Wallzend (12 13 2 9|0 8k 350 410 a0r0 | 5391 700 | 1123 | 2700 — _ —_ 175 | 067
T0 16 Do, 11 12 2 5y|1 B|44-0 472 52-29 | 5568 873 | 1133 | 3300 - —_ 293 | 10
Tl 32 Do, il B 5 4|1 0400 530 64-25 | 6885 | 1708 | 14-33 | 3500 | 420-30] 24990 2000 | 3-16| 1-33
T2 32 D, 21 15 | 135 0 4330 5650 | 6922 | 7617 | 2321 | 290 Ha00 — 1820 - i-19| 00
T3 16 D 19 8 3 4|1 0420 nae G660 | 7150 | 2730 | 410 27000 — | 2u50 - 1-41| 00
T4 32 | Anthracite]l2 0 2 3|3 5420 495 G114 | 64:83 | 140 22 270000 | 270°0 | 160-0 == 1-33| 00
i 32 | Wallsend {19 4 I a1 o420 46'8 B30 | 670 19-8% | 1667 (2700 - 16227 — = —_
16 24 Do 25 0 4 Bj| — 470 ad G804 | T6 1T | 1577 | 2233 | 240-100 200-3% 21667 240-00 | 493 | 367
7 32 | Anthracite|20 4 & 11 — [ 470 528 T1-3% | 7583 | 1535 | 2166 | 280-05] 363-33] 19545 246-67) 027 | 00
78 23 s 16 0 3 :i_{ 1 153 44-0 L8 G0-74 | 6308 | 1591 2634 | SO20 20000 | 2400 | (*18] 00
79 24 | Wallsend (15 4 d 011 4340 478 59-95 |64-33 | 19-19 | 2567 | 3830 — | 2250 | 2200 | 3-00| 3-35
a0 22 Do, 16 & 3 440 (330 438 GG-90 | 7042 | 12-09 | 15-33 |[330-0 - 190-0 —_ 2:50) 30
81 32 o, 1% 13 3 |1 53650 | 442 G066 | G741 | 1516 | 2333 — - — — 366 | 1-0
82 24 Do, 28 8 8 114 — | 36:0 450 Bh-6o | 5966 | 1828 | 220 5200 | 550-00 350-0 | 3500 | 3-31| 267
B3 32 Anthracitel24 15 4 1'--3: 5 0] 370 448 5336 | S7a0 | 1340 2350 aa0n — SO0 - -0 | (e
B4 32 Do, al 1 6 F6 0] 370 470 32 | 6175 T80 | 150 43000 -— 1500 - 00 | el
B5 28 Do, 13 0 2 D3 14| 360 455 54:79 | 5825 | 1255 | 160 43000 | 430-0 | 127-500 140-0 | O | e
1 8 | Wallsend | 6 15 1 630 &|360 s S807 | 6117 327 366 | 2300 — {1100 (12070 | 1062 | Or33
B 14 Do, 1 5 2 1010|330 425 4743 | 51-34 382 | 110 4300 — [ 116-10} 125-0 | 183 | 00
88 | 14 Do. [i17 4| 8 7i0 3|380 | 43-0 | 61:72 |[6908 | 11-36 | 150 |2700| — |1800 | — | 220|033
B9 16 Da. 15 10 3 210 3%|54+0 3-8 5747 | 5850 | 12-09 16 FH0-0 _— 156:70) 1800 | 237 —
90 [ =20 Do. (24 3| 4 1331 64250 | 490 | 63-50 |680 | 1673 | 2233 (4300 | — (2600 | — | 350] —
| 10 Dha, G & 1 430 4400 1] 54-02 | H6-02 527 533 | 2100 - 950 [ 1100 | 91| O-33
a2 20 Iha, 14 12 2 1540 15| 380 455 50:05 | 5508 | 1211 15-88 | 2a20 | 2520 16000 | 1600 | 445] 010
93 | 21 Do g5 & | T 140 11|560:60 | 508 62:07 (6725 | 20000 | 1967 | 3960 — |376:20, — | 2T2| 033
Hard Stm.[l13 8 : ; o ety Pk s ] el o eyl [he
e _}4 {1 2[490 | 483 | 5609 [6017 | 1278 | 1600 3250 |3300 | — | — |123] 183

Lk
-




68 TESTS OF GRATES AND STOVES.
RESULTS OF TESTS OF OPEN GRATES AND ji
CLass VL. QI
Ho. | No.of Time g
of | testing Date Name of exhibitor Exhibitors’ titles, and desariptisns under :
test | room trial ;
1 2 3 4 e 5 8 |
b m.
a5 [ Dec. 15, 1881 | C. B. Gregory fBmoke-burning furnace” . . . . ; 3 0
96 | 3 w 16-16,, | Musgrave & Co. . Blow-combustion'stove . . . . . 24 0 ‘
a7 2 P Rev. H. J. Newcome . ' Tubular air warmer® . = : ; : : ‘ « | % DR
b b w 23-24,, | B. J. Elingenberg Reck's heating and ventilating stove . . . . . |27 85
I w 30-31,, | C. Portway & Son ¢ Tortoise * stove, slow combustion heating and laundry stove |24 0
104 5 Jan., 4, 1882 | The Derwent Foundry Co. Jobson's * Slow combustion gill stove,’ downward draugllt 6 0
101 2 » 6 | Doulton & Co. . | *Spiral’ stove of stoneware, air heating - - 9 30
102 4 wo T H. Hunt . S ‘ Economy ' portable heating stove. . - : : 6 0
103 [ O A Do. . “Eeonomy ' base burner . . . . - . 6 0
104 4 e Yates, Hay rwood & CU. * Miser' stove, two pillars : 5 0
105 2 e 1 (R J. Cornforth - « Little Weneder® stove : hollow fire-bars to burn the ga.ses 5 0
106 5 T B R. W. Crosthwaite Armstead’s stove No. 3 delivering hot air ; 6 80
107 2 Pl Do, Do Do, . . 3 . | 640
108 2 L IR Do, Do E Do, Rl R 6 0
108 b g Da. Dao. 4 Da. B B o 5 30
110 b A Do. Do, b Da. IR e, 5 30
111 & T W. Stobbs . * Crystal ' ventilating grate . : : A i 0
112 2 T A e Dounlton & Cao, * Top-feeding stove, stoneware, air hE:r.'lmg n - g 0
113 5 e H. Hunt ' Crown Jewel " base burner hall stove . ] = 5 0
114 3 R Doy, * Hygiene * ventilating stove, base burner ; llea.t-ed air . 50
1156 4 S Van der Harst Charcoal stove : - e e - g 0
114 ] P R Steel & Garland . 4-Fillar stove (* Miser' :,.'Ia.b.t:} 6 0
117 3 A5 e Brown & Green . * Twin * stove . : d Z 5 0
115 3 o el J. F. Farwig & Co. . ‘{.alungu:-.n stove, air hmf,mg - g . . . S
119 1 » 81, | The Sunlight Stove Co. ‘ Sunlight ' stove . 5 0
120 5 it 1 e J. Dunnachie i Btar ' heating-stove, firebrick & 0
121 = Feb. 1 Donlton & Co. Ordinary Large stove, stoneware, with hﬂiﬂ&r 1 0
122 5 - [ W. Barton . : *The Premier ' stove . : . i 0
123 5 e F. Lonholdt . ; Anthracite stove, air he.a.tmg : : : a5 0
124 | 5 S L= Do. Do. do. 23 30
125 | & I Do. Do. do. i S D R S e, ORI
126 | 5 T R [ AR T - Hot-air stove and ventilator . N R [
127 5 » 14, | R. W.Crosthwaite Armstead-Gregory stove. . . . . . 4 30
128 2 CEATgR e Brown & Green . ‘ Albion® stove g e g : . |6 0
129 3 Mar. 1 Iio Close stove, with revemlble dranght z . s ' . 5 0
130 2 May 18 J. Dunnachia ¢ Star® heating-stove, as above . . . ; T [l e




CLOSE STOVES FOR HEATING.

CLOSE STOVES.

1881-82—(continued).

69

Close Stoves.
Fuen CoxsrMED TEMPERATURES CHIMSEY EMOKE-SHADE
Conl mﬁf:ﬂ' “:T‘f Velocity of
fr Ll 1T (] Y -
lg?. e At walls 6 fect high high, Eﬂ“"“ Fron d:uuugnt- Temperature T
L] Total
tost | Wagd Total .;,E:Iu ave- last
Per lour At com- Total |ATersge| Total h‘.rlmwg- Total .'I-vld:rn::ﬂ Tatal A:-&m:* rege | hour
5 Ir - ] ] t
Deseription | Weight u:-:l.l:ﬁ RTarage 1;'.‘::1.- ::Ee h:;r A TSTAES h-:?ubr ?r:::u-: hTur
7 8 9 10 | 11 |12 | 218 14 15 18 17 18 19 g0 | =1 | 22 | 23
o, b, oz [Ib. om |lb. 95 |deg. F.| deg. F. | deg. F. | deg F.| deg. F. | deg. F. f;:j‘m{:';'; {ﬁ‘;‘.‘u];'_j deg. P | deg. F. | ¥e. | Mo
Wood '
3 ) e 1 | el ol e ol sl
L B = 63 021 0| — |480| 4B 7968 | o125 | 1386 | 16°0 | 666:0 | G660 | — — | 000! 000
S];arlng-'l J
0.
a6 21 § - : o [l 16tn, 77°86] 827 | 985 | 1267|1170 | — [4000| — | 000} 000
Coke 3 R ([ 2 3:}1 4 | 430| 622 10th, 65:04| — 00 — = madd 160-0 ot ool 000
o7 10 | Wallsend (13 12 |3 7 [0 4 | 42:0| 420 5560 | 6525 860 ?g? 1730 | — | 900 | — | 200| GO0
a8 16 ) {:sm,ds-m 5250| 200 6T — —_ — = 178l —
2| 2 6|6 &) 330 4104 .00 ja.50| 49-50| 1-66 ]é-gﬁ ==l = 000 | —
RN s 52 0dis o |iano| oo |B ETAS| 7040) 10 1180 10001 — Jasro | — | 0] 0%
100 | 82 | Wallsend |21 8 (8 9}[1 0| 400| 422 4740 | sos0| 181 | 10 |268-48| 2730 | 1580 | 2000 | 235 | 000
101 16 |Hardstm. |10 24 1 1[0 3} 530| 560 6709 | 7442| 210 | 238 — | — | 650| — | 104|000
102 | 24 | Anthracite|l5 0|2 & |0 12| 420| 465 86-77 | 72-85| 691 | 967|263-20|300-0 | 15231) 180-0 | 050 | 000
103 32 - 15 4|2 s8ilo 5| 420| 458 5144 | 68| 331 | 40 |212-92) 183-33| 16583 1800 | — | 000
Al 16 | Wallsend | & 4 | 1 1340 8 | 4220| 480 G066 | G508 425 | 5671210 | — - — | 48] 300
i 20 w (18123127112 | 500| 5456 | 8841 | 96-66| 1536 | 180 |4300 | — |180-50{185-0 | 0-69 | 0-00
106 #2 |Anthracite 27 0 | 4 Hjl 8 | 47-0| 500 s0-56 | TO-83| 742 | 18:67|232:78|270-0 | 1900 | 203-33| 080 | 033
07 | 24 = 11102 0ils 8| 460| 688 6000 | 77-33| 782 | 100 R N
108 | 24 B 1714 [ 215 (3 11 | 470! 655 6851 | 720 | 854 | 100 |1s00| — | — |2200 | 000l 000
109 | 33 3 33 0|6 01 6| 470| 528 69-87 | 7550 1776 | 17:56 | 320-0 | 3500 [239-09) 3500 | 000 | 0-00
110 | 32 o 5812 1011 1 8 | 42:0| 520 783 | 77-41| 17-17 | 280 | 295 45| 3300 | 231 82] 230-0 | 0-00| 0-00
111 12 . 10 3|2 oifz 0| 330 475 6284 | 69-50| 1091 | 1567 | 168-88] — |222-50| 246-67| 0-75| 0-00
112 32 | Hard stm. |26 0 | 2 14}{0 13 | 388:0| 440 6200 | 7483|1847 | 50 | 80O | — |1&FO| — | — | —
113 32 | Anthracite{l2 0 | 2 640 12 | 360| 412 5100 | s840| 658 | 9-70|177-89) 21333 181-48] 1800 | 0-0 | 0-00
114 32 e 28 14 | 6 1241 2 | 860| 393 6&60 | 7080 1640 | 20-50 |211-0 | 22333 1950 | 2300 | 00 | 000
11 | —J|Charcoal 114 2|5 1115 joul 70| 42 52 760| 040
Briguettes b 87 0 70 | &7 T | e e = ] Pt |l
16 | 32 | Wallsend (11 144/ 2 6 |1 5 | 360| 440 65698 |ess3| 801 | 1560 | — | — |1450 | — | 238|000
117 82 | Hucknall |18 15 | 8 1242 13 | 42:0| 49'5 6411 | 6750| ®63 | 110 — — [ 12950} 140:0 | 3-06 | 000
118 82 | Wallsend [13 15 | 2 123/2 9 | 43:0| 545 6220 | 6575| 618 | 11:33| — — | 2070 | 250:0 | 1-16 | 0-00
119 1 32 - 38 14 | 7 1241 6 | 400 480 7099 | 8233 2009 | 2470|2300 | — |297-0 |3500 | 631 4-33
120 | 24 i 25 3|5 o0it ol 400| 450 53-50 | 55-50| 1220 | 17-70 | 560-0 | 600-0 | 3420 | 320-0 | 2-48| 233
1‘3} 52 |Hardstm.|22 9|2 4 [0 1% | 36:0| 460 5903 | 69-08| 538 738 — e — — | 08B0 | 000
igs 32 |Coke |18 6|3 10§11 2| 400| 465 6595 | 600 | 773 | 933 — | — 1260 |14000 | 00 | 000
3 28 | Anthracite| 6 8 |1 430 5 | 400| 435 6348 | 5775| 481 | 30 |181-2s181-67| s3-25 8433 150| 150
124 29 ; , o010t 53:16] 5875 | 11:18 | 1267 | 7567 94-33| 66-89) 640 | 018 0:00
v 26 01 1300 4 | 380 4104 | T soe7| — e b g = Wi il i
125 8 i 11 5|8 12} — | 500| 508 62-65 | B6-62| 60 17-83 | 151-67 1660 [1830 [ — | 00 | 000
{35 a2 i 43 2|6 10 |2 4 | 480| 480 R2-64 | GRER| T84 70 (8810 | — |2480 | 2000 | 00 | 000
|§T 96 | Wallsend |32 3 | 7 2,1 1 |540| 522 T0-15 | 78-25| 17-10 | 21-66 | 4550 | 455-0 | 196-25) 190-0 | 046 | 000
5 24 | Anthracite]l8 3 | 3 13}0 2 | 510| 520 GE-0 7750 12:78 | 1840 | — — | 1050 | 1200 | 00 | 000
129 24 |Hucknall |24 12 | 4 1530 12 | 480 512 6543 | T1-50| 1049 | 190 [368-0 | — 1500 | — | 238| 000
130 | 16 |Wallsend |9 16 | 1 1230 5 68} | 55 6327 |6770| 148 | — | — | -— |101'0 | 96:0 | 1-33| 0:00
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INVESTIGATION OF THE RESULTS OF THE TESTS.

PREVENTION OF SMOKE,

When it is considered that the primary conditions for the complete combustion of
fuel and the prevention of smoke are, that the combustible gases should be intimately
mixed with air, and that the mixture should be effected and maintained at a high
temperature, it may be expected that such grates and stoves as present the most
favourable disposition in fulfilment of these conditions should be the most effective for
the prevention of smoke. The averaged smoke-shades of the several classes of grates
and of close stoves burning Wallsend coal are here arranged in the order of the intensity
of smoke-shade.

Class 2 . 3 . . 2 . ; . 323 average smoke-shade
e | ; : ; . p 4 . 5 sHL = "
o -.E X : ; i . 2 . 3 Q'EH o o
oL : : : - ; . . . 273 o 7
e | i - : " : . 5 . 288 . -
i G * * 4 s & . . 211 ] 1

Here, it appears that Classes 1 and 2, taken together, are the least effective for the
prevention of smoke. These are the grates which have direct upward draught; and of
these two Classes, it appears that the grates of Class 2, having solid floors, are less effective
than those of Class 1, which have an open grid for the admission of air below. The close
stoves of Class 6 are elearly more effective than any class of open grates, for prevention of
smoke. In these stoves, the supply of air for combustion is strictly regulated, and is foreibly
mixed with the hot gases. The effectiveness of such conditions is strikingly rendered by
Mr, Crosthwaite, in the Armstead stove fitted with Gregory’s feeder. The intermediate
classes appear to be intermediately effective ; and evidently, of these, Class 4 is the most
effective, where the fresh fuel is very gradually distilled, and the smoke-making gases
very gradually consumed. In the two other intermediate classes, 3 and 5, the gases
from the fresh fuel are drawn npwards or downwards through the incandescent fuel ; and
though no doubt they are raised to and maintained at a temperature sufficient for com-
bustion, the supply of air is not sufficiently intermixed with the gases to complete
the combustion.

These deductions are confirmed by the results of the chemical tests of the gases of
combustion in the chimney, conduected by Professor W. Chandler Roberts, F.IR.5.

TEMPERATURE OF THE ROOM.

Equal in importance to the prevention of smoke, is the degree of elevation of
temperature in the room, effected by the combustion of fuel in grates and stoves. The
following comparative statement (Table IV.) exhibits, in the seventh column, the average
rise of temperature effected per pound of Wallsend coal consumed per hour, which is a
measure of the comparative efficiency of the classes of grates and of stoves. The tem-
perature at the six-feet level is taken as the standard rise of temperature in the room.
In the sixth column, is the excess of the average temperature maintained during the
test above the initial temperature of the room—the temperature at the commencement
of the test. This is preferable, as a datum, to the external temperature given in the
third column ; for it is obvious, on a eursory inspection of Table IL., that the external
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temperature exereises much less influence in determining the temperature that is main-
tained in the room, than the initial temperature within the room, which is a measure
of the heat lodged in the walls, floor, and ceiling. In the averages for Class 6, the excep-
tional instances, Nos. 96, 98, 99, and 124, have not been included, and in the alternative
line of averages given for Class 6, the specially large and important stove of Mr. Gregory,
No. 95, is not included. In caleulating the average equivalent rise of temperatures,
eolumn 6, the observed average elevations of temperature in the case of tests conducted
in room No. 5, which was twice as capacious as the smaller rooms, were augmented by one-
half of their values respectively to supply the equivalent elevation of temperature that
would have been attained supposing that the test had been conducted in one of the
smaller rooms. The results of tests in No. 5 room are thus placed, for direct com-
parison, on the footing of tests conducted in the smaller rooms. The rise of temperature
per pound of coal consumed per hour, column 7, is the direct average of the several
quotients caleulated for each test for each class.

TasLe IV.—RISE OF TEMPERATURE IN THE ROOM.

TR Avernge equivnlent rise of
.ﬂ..\'ll.':l.'.l.gl.‘ welght . Average Initial ﬂ'l'l."rl'lhﬂll E:.Ju!.pﬂ-_ Leww perature
Clos S e | K st | e i | e pieet | T
[ Wallsend) by hgight of & feet Taotal coal por hour
1 2 | ] [ 4 i a8 7
b, deg, F. dep. F. deg. F. dep. F. deg, F.
No. 1 . . . 438 423 472 LA 11-67 288
2 . . 4 33T 419 47 1 | 9G4 209
3 . . . 2961 537h 450 547 10-30 381
4 ' ; : 372 39-3 48-2 et 10-37 304
b . . 404 of-2 4= G4 1210 338
Averapes Nos. ]
tab . . . $65 400 472 674 10-84 522
Ko, 6 . ' ' 570 453 40-2 G7-9 2155 4-14
» B (not including
C. BB. Gregory’s
stove) . ' BT 457 49-8 G4 1774 4.48

Place the classes in order of the heating efficiency, as represented in column 7 of
the table, as follows, beginning with the class of lowest efficiency : —

Class 1 . : . 2:B8 degrees F. rise of temperature per Ib. of coal
T i " « o ¥ 1 1
» E - . ' . 305 ) " "
wo . . . 338 1 ” 3
13 3 f " s & 3'81 i 1] LR
" G . . 448 ) ) "

From this statement, it appears that ordinary open-burning fires, having bottom grids
(Class 1) or solid floors (Class 2), are the least effective for warming the room relatively
to the quantity of coal consumed per hour. Next in order are open fires feeding at the
sides or the hack, or from hoppers (Class 4). Then come the grates of Class 5, having
a downward or a horizontal draught, and lastly, as the most efficient of the open grates,
those which are under-fed, with an upward through draught (Class 3)—-one-third better

than those of Class 1.
- It may be inferred that open grates (Classes 3 and 5) constructed on the prineciple of
drawing the combustible gases through the incandescent fuel, are the most efficient ;
and that, of these, the best are those (Class 3) which supply the fresh fuel below the fire,
and cause the combustible gases to rise upwards through it.
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The close stoves (Class 6)are clearly more efficient per pound of coal for raising the
temperature of the room than the open grates: being one-third better than the average
of these, and one-sixth better than the best of these.

The under-fed open grates (Class 3) are the only grates which are capable of con-
tinuously exposing a bright and open surface, unchecked by the presence of fresh coal,
as well as of smoke, and unobstructed by special appliances ; and it is probable that the
apparent excellence of the grates of Class 3 amongst other open grates is very much
attributable to their distinetive characteristic. .

A general correspondence may be observed between the smoke-shades, page 70,
and the efficiencies, as marked by the rise of temperature in column 7 of the foregoing
table : the efficiencies increasing as the smoke-shades are reduced. They are here
placed in parallel columns for comparison : the order for smoke-shades being followed.

TasLE V.—SMOKE-SHADES AND TEMPERATURES—WALLSEND COAL.

- vorags smuka- Average rise of
Casil | s e e
deg. F.

2 523 2:09

1 301 2:88

Bize 2:82 381

il 273 ded8

4 2-66 305

(5] 211 4-48

Here the efficiency increases generally as the smoke-shade is diminished. If Classes
3 and 4, which comprise very few tests, be omitted for the moment, the remaining classes,
2 and 1 (taken together), 5, and 6, will range in due order, for rise of temperature, so
that the efficiency of the most numerounsly represented classes varies inversely with
the smoke-shade : that is to say, inversely with the imperfectness of combustion as
expressed by smoke-shade.

RADIATING POWER.

The differences of temperature indicated on thermometers facing the fire, and others
back to back with these, afford a measure of the power of radiating heat. The single
vertical line of thermometers employed for the tests, although to some extent useful,
was certainly not exhaustive ; and did not suffice to indicate proportionally the whole of
the heat that was radiated from the fire. Besides the heat radiated direetly in front of the
fire, much heat was in many instances radiated obliquely into the room, from the flanks
of the fire-place, which did not necessarily bear any general relation to the front radiation.

The force of radiation, as observed, is, therefore, not to be taken as a measure of the
whole gquantity of heat that was radiated into the room. Nevertheless, a few useful
deductions may be based upon the results of the observations, which are summarised for
the tests made with Wallsend coal in the following table. The results of observations
for radiation taken at the three different levels already stated, page 46, have been averaged
for each test, and the averages of these are placed in the table. The averages, for three
different levels, it may be noted, are distinguished from those given in the large tables,
inasmuch as these are given only for one level, at five feet above the floor.

It appears that the total average radiations from the several classes of open gates
(column 5) vary generally in correspondence with the total average elevation of tempera-
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ture (column 3). So also do the radiations and temperatures per pound of coal consumed
per hour, though there are irregularities which are due to the varying circumstances of
fire-places. But there is clearly a greater degree of radiation from the open grates, taken
together, than from the close stoves: unobstructed front radiation from the grates
in contrast with diffused radiation of heat transmitted through close stoves. From

TasLE VI.—RADIATION OF HEAT FROM GRATES AND STOVES—
WALLSEND COAL.

Average equivalent rise of temperature Average measare of radiation
Average welEhl of =
: 1 ! r B iy af oo
TS | e | e | n | P
1 2 Nl 4 5 i
No. b, deg. F. deg, F. deg. F. deg. F,
1 4:32 11-67 2-84 1362 §58
a ST oG4 209 12:02 407
3 291 10r34 381 1040 361
4 273 1057 306 10-64 214
5 404 12-10 3:38 153490 470
Averages Nos. 1
to 5 . . . i 10-83 422 1247 S462
No. 6 . : : a'7d 21-556 414 Tu7 1-G6
s B (not inelud-
ing C. B. Gre-
gory) . . 3HT 17-74 448 754 179

these, standing clear of the walls, heat was radiated in every direction. The contrast
in this respect is the more notable as the rise of temperature was decidedly greater with
the close stoves than with the open grates.

The relation between the smoke-shades and the observed radiations of heat may be
gathered from the following parallel columns :—

TaBLE VIL—SMOKE-SHADES AND RADIATIONS- WALLSEND COAL.

Class | Aversgesmoke. | o TR
i of coal
deg. F.
2 323 4'%):"
1 a0l 3:58
o RN 361
i} 273 370
4 20 314
] 211 179

GRATES AND STOVES BURNING ANTHRACITE.

Open grates in Classes 1, 4, and 5, burning anthracite, were tested ; also close stoves,
Class 6. The results of 27 tests of grates and stoves in raising the temperature of the
rooms, and in radiation, are given in Table VIII. The averages per pound of fuel, in
columns 3 and 3, have been struck directly from the quotients derived for the several tests,
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TapLe VIIIL—RISE OF TEMPERATURE AND RADIATION OF HEAT, WITH

ANTHRACITE.
Average equivalent rise of temperatore Average measure of radiation
= Mg meer Err T
patirecla coumzeel SN s i e Tota s
1 2 3 4 b i}
N 1bs, deg. F. deg. F. deg. F. deg. F.
1 203 7'58 ' 2:97 868 264
4 A4-00 a9-07 2-50 10-83 271
51 362 10-19 327 12-46 4-23
Averages Nos. 1,
4,85 . : . d448 807 2:p1 10-62 319
Ne. 6 . - : 4-12 15838 561 7956 2:37

Of the three classes of open grates, and the close stoves, tested with anthracite, the

efficiency in raising the temperature is here brought into comparison with the same
classes tested with Wallsend coal :—

TasLe IX.—ANTHRACITE wersus WALLSEND COAL—TEMPERATURE.

Cam |, Rusperlbat | CRieperinot

| deg. F. deg. F.

1 | e 988

4 | 260 305

5 | 897 3-38
Average of
classes 1, 4,

R SR 800

Do.6 . [ 561 4-48

The average of the three classes of open grates, 1, 4, and 5 is nearly the same for
anthracite and Wallsend. But the anthracite has the advantage for ordinary open grates
in Class 1. In close stoves, Class 6, on the contrary, anthracite is clearly more efficient
than Wallsend coal ; and with anthracite, as with Wallsend coal, the close stoves are
clearly more efficient than the open grates.

Compare now the measures of radiating force for anthracite asd Wallsend coal.

TasLE X.—ANTHRACITE wversus WALLSEND COAL—RADIATION.

; Radinti Ib. of
Cas | Radion perlt | Wallent con per
deg. F. deg. F.
1 264 a68
4 271 914
i 4-22 370
Average of 1,
4,and & . 319 347
Do. 6 . . 2:37 179

The radiating force attains a maximum in Class 5 of open grates, with downward or

backward draught, for both kinds of fuel, and their force is the greater for anthracite,in
Class 5, aa well as in Class 6.
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DIFFERENCES OF TEMPERATURE.

DIFFERENCES OF TEMPERATURE IN THE ROOM.

The dispositions for observing temperature at several points in the room simul-
taneously, afforded a means of ascertaining to what extent the temperature was varied by
local eonditions. Taking the results of 24 tests for the open grates of Class 1 ; and of 23
tests for close stoves, Class 6, in which neither C. B. Gregory’s special test, nor the four
long-period tests are included, the averaged temperatures at each of the four walls, at a
level of 6 feet above the Hoor, were as follows (Table X1.). The grates and the stoves are
here subdivided into such as have special air-heating contrivances, and such as are
without them,

TapLE XIL.—TEMPERATURE AT A LEVEL SIX FEET ABOVE THE FLOOR.

Wall of reom Horth Bouth Enat Waest Avernges
deg. F. dog. F. deg. F. deg. F. deg. F.
Gross averaged temperatures:—

Class 1. Air-heating and ventilation . GH-8 a8-3 -G G-l 676

I Non-air-heating . : : ot G810 oG L8 61
Means i e . 579 582 561 550 56:8

Class 6. Air-heating and ventilating . 612 60-0 501 bET 698

»  Non-air-heating . ; : 657 G4-1 B30 G63-5 Gd-1
Means . . . i G35 621 61-1 61-1 62-0

The temperatures at the walls do not differ by more than 3° F. as between ona wall
and another, for the open grates of Class 1; and for the elose stoves, Class 6, not more
than 24°F. The lowest temperatures are at the west walls, at which the grates and stoves
were fixed. Naturally, the west walls were the least of all exposed to the heat directly
radiated from the grate or the stove.

There is no apparent difference in the degree of equalisation of temperatures between
the air-heating and the non-air-heating grates and stoves. That is to say, the diffusion
of heat appears to be as well effected by ordinary circulation of air in the room as by the
employment of special means of inducing cirenlation and ventilation.

Turning to the variations of temperature in the room for various levels, the differences
are very marked. In the following Table (XII.) the results of 109 tests are comprised,
divided into air-heating and ventilating grates and stoves, and those which are non-
heating.

By this evidence, it is shown that, heated with open grates, the uppermost part of
the room is much warmer—by as much as 9° in most instances—than the lowermost
parts, and that close stoves give rise to even larger differences. It isalso proved that the
employment of means of introducing warmed air into the apartment, and of ventilating
it, is mot at all influential for reducing inequalities of temperature at different levels.
It appears, on the contrary, to augment the actual difference that arises when no special
ventilating and warming contrivances are provided. Thus, the differences of tempera-
ture for levels of 6 inches and 14 feet, are 7° and 6°-5 respectively, with and without such
contrivances, for open grates; and for close stoves they are 11%5 in one case and only
8% in the other.

It may be stated at the same time that the results of observations made on the per-
formance (No. 28, in Table IL) of Mr. Griffin’s open grate, with warming and ventilating
appliances, in a private room at 27 Cadogan Square, showed a remarkable degree of

L2
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uniformity. The difference of temperature at the four sides of the room, which was 25 feet
long, 18 feet wide, and 133 feet high, seldom exceeded 2° F. ; nor did the temperature
at the ceiling exceed by more than 2°F. those observed at a level of 41 feet above
the floor.

TasLe XIL.—TEMPERATURE OF ROOMS AT DIFFERENT LEVELS.

DAL L D R e T KON-ATR-HEATING GRATES AND STOVES
Class Temperatures at the following levels above the floor | Temperatures at the following levels above the fleor
G inches 6 feet 14 feet § inches & fect 14 feet
Mo, | deg. F. deg, F. deg, Fo dog. F. deg. F. deg. F.
1 o4-1 60-3 a4 ad0 a1 &67b
2 6240 ad-h H2h 527 . Bl 877
b 440 840 DE-3 — i v
4 al-0 o] el | 54-0 590 835
h | S G1-7 654 H2-4 a6 504
Averages of
open grates,
classes 1 to 5 626 870 66 530 5G9 595
No. & . . S5 572 624 G0 G 710

Nute to Table.—The differences of temperatures for Class 2, having air-warming contrivances, are excep-
tionally small ; but the temperatures were averaged from the results of two tests only.

RISE OF TEMPERATURE AND ECONOMY OF FUEL AS AFFECTED BY
AIR-HEATING AND VENTILATING APPLIANCES.

In the Table XI., the different average temperatures attained with air-heating
and ventilating appliances, and without them, suggest a reference to the respective
elevations of temperature, relative to the quantity of fuel consumed. The Table
(XIIL.) following, gives the average rise of temperature and radiation per pound of
tuel consumed per hour, with air-heating appliances, and the same particulars without
them, for each class of grates and stoves. The smoke-shades are added.

The influences indicated in this Table are mixed. The total averages of all classes
show that Wallsend coal is used with greater economy without than with air-heating
appliances ; and that, on the contrary, anthracite is used with the greater economy
with air-heating appliances., These contrasts are strongly marked in the results for
close stoves, Class 6 ; whilst, for anthracite, the relative economy of air-heating appliances
is visible for every class of open grates in which it is used. For Wallsend coal, the
several classes of open grates show results alternately in favour of heating appliances
and against them,

It may be concluded that the evidence is not decidedly for or against the use of
air-heating appliances, in burning Wallsend coal, except in the casé of the comparatively
wasteful open grates of Class 1, with which such appliances are clearly conducive to
economy ; and in the case of the close stoves, Class 6, for which it does not appear that
air-heating appliances, in burning Wallsend coal, are economical. In buwning
anthracite, it is evident that the employment of air-heating appliances in close stoves,
Class 6, is economical to a considerable degree.

The radiating power, indicated in columns 6 and 7 of the Table, is materially greater
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in the absence of air-heating appliances than when they are present :—for anthracite in
every class; for Wallsend coal in every class except Class 5, open grates, having a
downward or a backward draught, and excepting Class 6, close stoves.

TapLe XIII.—RISE OF TEMPERATURES AND RADIATIONS WITH
AIR-HEATING AND VENTILATION, AND WITHOUT THEM.

: Average rise of tom pe-| Average rudintion Avornge
i SRl Number of testa mtare per b, per how III:. per hour c: sflﬂ?:?{;r
Wall-end
Waltsend | Anthraeite | Wallsend | Anthracite | Wallsend | Anthrasite b
1 2 3 4 il G 7 8
deg. F. deg. F. deg. F. deg. F.
Class 1. Air-heating . - : 9 1 a7 G4 283 1-54) 322
»w  Non-air-heating - : 10 4 245 2-40) 421 4499 274
Totals . 19 5 258 297 4-58 4-31 a-01
Class 2. Air-heating . : ; 2 None 2H] — 303 — 4-11
»»  Non-air-heating . : 10 None 3-02 - 409 —- 300
Totals . 12 None | 290 - 407 - 323
Class 3. Non-air-heating . . b None | 3-8l — 361 — 2-82
Class 4. Air-heating . . : 2 1 241 301 242 2-44 293
»  Non-air-heating . : 4 1 a7 168 350 2-08 28
Totala . i 2 306 2-a1) 314 271 2-66
Class 5. Air-heating . . . 11 3 ardh 377 400 a6l 2-20
»  Non-air-beating . : 7 4 328 2:89 322 476 321
Totals . 18 7 d-o8 l 327 370 422 273
Class 6. Air-heating : : 2 4 379 779 1-78 2-32 1-58
»  Non-air-heating ‘ - B 0 4:23 464 1-G4 230 225
Totals . 10 13 414 Ol 1-G6 a7 211
Total, not including C. B. Gregory —_ —_ 4:48 - e — ==
Total averages of all classes :—
Air-heating ‘ - 26 0 317 4:45 3:00 2:46 269
Non-air-heating ; ; 44 18 3-36 310 338 578 2-82

DRAUGHT AND TEMPERATURE IN THE CHIMNEY.

The velocity of the draught in the chimney, in conjunction with the temperature
of the ascending air-current, supplies a means of measurin%‘ the quantity of gaseous
preducts and air in mixture, together with the quantity of heat which passes up the
chimney. In the subjoined Table (XIV.)are given averages of a number of tests for each
clags of open grate and for close stoves.

Here, the average temperatures of the ascending emrrents from the open grates
(Classes 1 to 5) and those from the close stoves (Class 6) are nearly equal—say 200°;
but the upward velocity, colnmn 3, is fully one-third greater for the open grates than
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for the stoves,

TESTS OF GRATES AND STOVES.

Proportionally, the volumes of the mixed products, columns 5 and 6, are

in the same ratio, and it appears that, in round numbers, the volumes, reduced for the
temperature 62° are respectively 7,500 cubic feet and 5,500 cubic feet per hour.

TapLe XIV.—DRAUGHT AND TEMPERATURE IN THE CHIMNEY.

Volume of gases passed up the
: chimney per hour

Clm H““:‘L‘E‘fﬂ-ﬂg[e‘imaw H-Tlm'l‘t-}" Df (Il'l'l.l'lgh[- Tml*;!':-;;;:;t = At ﬂ]_'lﬂl’\"l!d B.I:".iufEd EM

temperatures 652 I,
1 2 3 13 5 (]
Loty fect per minutae deg. F. cubic feet cubic feet

1 22 427 214 10,650 8,203
2 14 Sab 151 E,900 7,250
3 i S0l 188 8775 7,071
4 T 407 4 10,176 8,002
7] 20 a41 1496 8,05 6,780
Average for open grates 14 of G 167 0,400 7471
No. 6, Close stoves . 17 275 200 6,880 5,443

The quantities of fuel consumed per hour, relative to the volumes of the upward
enrrents, being divided into the volumes respectively, the quotients are the volumes of
mixed current ascending the chimney, per pound of fuel consumed ; as in the following
Table (XV.). Column 5 is added to show the respective efficiencies of the classes.

TasLe XV.—VOLUME OF DRAUGHT IN THE CHIMNEY PER POUND

OF COAL.
Valume of 5 i o Av rise of
o iR o | LY | i
; i chimney per b, | z ;
chimney per per houar ol maal copl comsnmed
haunr per hour
1 2 3 4 | B
cubic fect s, cuhic fect deg. F.
1 2,263 4-34 1,904 4:B8
2 7,250 420 2,266 218
4 7,071 2+00 2,440 a8l
4 8,002 375 2134 308
b 6,786 S62 1,875 408
Averages of Classes 1
to 5 . 7471 56 2,008 326
No. 6 . 5,443 4-70) 1,158 4-48

The contrast between the quantities of gases passed up the chimney from open
grates (Classes 1 to 5) and from close stoves (Class 6)is here very strongly put in evidence,
It is shown that whilst, in round numbers, the open grates pass up 2,100 cubic feet per
pound of fuel consumed, the close stoves pass up only 1,160 cubic feet, or about half
the quantity rising from the open grates. It it easily understood, therefore—what is
well known in ordinary experience—that ventilation i1s more abundantly effected by
means of open grates than by close stoves.

It is to be remarked, further, that the grates (Class 3, under-fed) which pass up the
maximum quantity of gaseons mixture per pound of coal consumed—2,440 cubic feet—
are precisely those which develop the maximum efficiency, 3-81 degrees rise of temperature
per pound of coal, notwithstanding that the combustion is not generally of the most
nearly complete character.

And it is still more notable that the open grates of Class 5, having a downward or a
backward direct draught, and having the minimum quantity of mixed current up the
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chimney—1,875 cubic feet per pound of fuel—rank next in efficiency to those, Class 3,
which dispose of the maximum current. They raise the temperature 338 degrees per
pound of fuel burnt per hour. ;

Thus, finally, the two classes which agree in directing the draught through the
incandescent fuel—upwards in Class 3, and contrariwise in Class 5—and which differ in
being associated with the maximum and the minimum draughts respectively, are precisely
those which together exhibit the maximum efficiencies for open grates. Herein lies the
germ of a problem which awaits solution.

DILUTION OF THE GASEOUS CURRENT IN THE CHIMNEY.

Supposing that the fuel is perfectly burned, it may, for the present purpose, be
assumed that 150 cubic feet of air at 62° is eonsumed in burning one pound of fuel, and
that the gaseous products of combustion evolved oceupy equal volumes at equal tempe-
ratures. But inasmuch as an average of 2,100 cubic feet of upward current passes off,
for each pound of fuel consumed in open grates, it follows that the direct chemical pro-
ducts of combustion are diluted to the extent of 14 volumes; that is, that the direct
chemical products are mixed with thirteen times their volume of air. For close stoves,
having currents of 1,160 cubic feet at 62° per pound of coal, the dilution with air is
carried to the extent of about eight times the volume of gases chemically evolved ; that
is, these gases are mixed with seven times their volume of air.

GeENERAL ComrposiTioN OF THE CURRENT.

Gasepus products Atmospherie air
Open grates . i . One-fourteenth, or 7 per cent. 94 per cent.
Close stoves . . . One-eighth, or 124 per cent. 874 per cent.

The question arises, how much heat is carried off by the cwrrents up the chimney?

HEAT CARRIED UP THE CHIMNEY.

The quantity of heat carried up the echimney, usually reckoned, for the most part, as
wasted heat, is readily calculated in terms of the volume and the specific heat of the
current, and the rise of temperature. Since the current consists, as has just been seen,
for by far the greater part, of atmospherie air, its specific heat may be taken as that of air,
namely, 0238, Their specific gravities may also be taken as equal. Caleulating for open
grates, as 1 lb. of air at 62° F. bas a volume of 13 cubic feet, the weight of 2,100 cubic
feet passed off for 1 lb. of eoal is (2,100=13=) 161 lbs., and the quantity of heat
carried off per pound of coal is (161 x 0-238=) 383 units for 1° rise of temperature.
But the average temperature of the escaping current was seen to be 197°; and, deducting
the external temperature, 40°, given in column 3 of Table, the rise of temperature was
(197 —40=) 157 degrees. The total quantity of heat of combustion carried off was, on
tnis basis {38:3 units x 157= ), 6,013 units for each pound of coal. The heat of com-
bustion of coal of average composition, which may for the preszent be adopted, is equal to
14,000 units, and it follows that the wasted heat carried up the chimney is (6,013 x 100
-=14,000=) 43 per cent. of the total heat of combustion.

From close stoves, the quantity of air passed off by the chimney is 1,160 cubic feet for
1 1b. of coal, weighing (1,160+13=) 89 lbs. ; and the heat required to raise this weight
of air 1° in temperatuve is (89 x *238=) 21 units. The average temperature in the
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chimney was 200°% and deducting the external temperature, which averaged 42° the
rise of temperature was 158°. The quantity of heat carried off was (21 units x 158=)
3,318 units for each pound of coal, equivalent to (3,318 x 100=+-1,400=) 24 per cent. of
the total heat of combustion.
The proportion of the total heat of combustion exported through the chimney, thus

caleulated, is

For open grates . - . 43 per cent., or upwards of two-fifths of the total heat.

For close atoves . . . 24 per cent., or nearly one-fourth  do. do.

It is here assumed that the fuel is completely burned. In so far as the combustion
is incomplete, the percentage proportions of exported heat must be greater than those
above deduced.

DISTRIBUTION OF THE HEAT OF COMBUSTION.

Forty-three per cent. of the total heat of combustion of coal—and eoke and an-
thracites may be included—from open grates, has been acconnted for, as exported up the
chimney ; and 24 per cent. from close stoves, The remaining 57 per cent. and 76 per cent.
respectively, are dispersed by conduction through the back and sides of the grate, by
air-convection at the heated surfaces of the grate, by radiation, and by a remainder due
to incompleteness of combustion. Of these, the heat that is radiated from the open
fire, or the close stove, constitutes the largest proportion. According to the results of
M. Péclet’s experiments, one-fourth of the total heat of combustion of wood was radiated ;
and one-half of that of charcoal: flaming fuel in the first case, flameless in the second
case. For the case of coal, it may be accepted that the proportion ef heat radiated from
the fuel varies between these limits.

To form, incidentally, an estimate of the proportion of heat absorbed in raising
the temperature of the air in the room, let it be assumed that all the air which goes up
the chimney is previously heated to the temperature of the room :——that is, taking aver-
ages, that 2,100 cubic feet at 62°, per pound of coal, for open grates, and 1,160 cubic
feet for close stoves, are raised from the temperature of the external atmosphere to
the average temperature in the room. Such elevation of temperature would, accord-
ing to Table IV., page 71, have taken place from 40° to 57° for open grates, and from 46°
to 66° for close stoves, or through 17% and 20° respectively. Following the lead of pre-
vious caleulations, the heat required to raise 2,100 cubic feet (at 62%), or 161 lbs., of
air, through 17° would be (38:3 units x 17°=) 651 units; and to raise 1,160 cubic
feet (at 62°), or 89 lbs., of air through 20°, the heat absorbed would be (21 units x 20°=)
420 units. These quantities are respectively 4-65 per cent. and 3 per cent. of the whole
heat of combustion of one pound of eoal. These would be the percentages of the total
heat utilised in raising the temperature of the air in the room, even supposing the whole
of the air that enters and leaves the room to be continuously replaced by fresh air.
Evidently, it is not in the direction of the simple warming of the air in the room,
that the greatest consumption of heat is to be traced.

The enclosing walls, floor, and roof of the rooms are, in fact, the principal absorbents
of heat, It may be assumed that they are, in the course of the trial, raised in tempera-
ture to nearly, if not equal to, the maximum observed temperature of the air close to
them. How much heat is required to effect this rise of temperature? The smaller
testing rooms are 15 feet square, and 15 feet high to the top of the walls, making, with
the floor of conecrete, five squares of 15 feet each way, and having a total area of
(15 feet x 15 feet x 5 =) 1,125 square feet. The walls and the floor are 6 inches
in thickness, and have a solid content equal to (1,125 x 0-5=) 5624 cubic feet, not
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allowing for the spaces occupied by doors and windows. These are amply compensated
by the eeiling as absorbing material, which is not taken into the calculation. Besides,
they transmit heat to the external air. Allowing 130 lbs. weight per cubic foot for the
concrete of which the walls are built, the gross weight of material of walls and floor to
be warmed is (5621 x 130=) 73,125 lbs. The specific heat of concrete is, say, 0-21, and
the quantity of heat required to raise the mass throughout by 1° of temperature would
be (73,125 x *21=) 15,356 units, The average total rise of temperature at the walls,
deduced from the averages of the last hour (column 15 of the large Table IIL),
was for each class as follows (Table XVI.) :—

TapLe XVI.—RISE OF TEMPERATURE AT THE WALLS.

A initia] | Averige maxi- I Maximum ri
Class tomporatars | W tewporas | oot
Nao. deg. F. deg. F. deg. F
1 47-2 617 145
2 471 a2 121
a 450 522 132
4 45832 635 153
b 453 6d-5 165
AvVERAGES oF Nos, 1 10 5. 472 G165 14-3
(& 49-8 GRS 190

Showing a maximum rise of temperature averaging for open grates, 14-3" (say 147),
and for close stoves, 19°. The guantity of heat required to raise the temperature of the
walls of the smaller rooms, through 14° would be (15,356 x 14=)214,984 units. But,
considering that the wall is not uniformly heated through, and that the elevation of tem-
perature at the outside surface is a minimum, take one-half of this quantity of heat, or
107,492 units, as the actual expenditure. This allowance compensates also for the eoinci-
dence of testing in two neighbouring rooms at the same time, when the party-wall is heated
from both sides. Dividing the reduced quantity of heat by 14,000 units, the heat of com-
bustion of 1 1b. of coal, the quotient gives 7-68 lbs. of coal as that the combustion of which is
necessary to heat up the walls, independently of what is consumed additionally in order
to maintain the temperature against losses by radiation and conduction externally. As
the duration of the trials averaged five hours, the estimate shows a consumption of coal
at the rate of 1-54 lbs. per hour for the special work of heating up the walls of the
smaller testing rooms for open grates. The consumption amounts, at this rate, to 42 per
cent. of all the coal consumed in open grates. For close stoves, the maximum rise of
temperature, 19° involved a consumption of (1-54x 19+14=) 2-09 lbs. per hour,
being 54 per cent. of all the coal consumed in close stoves. For the larger testing
room, having double the eapacity of the smaller rooms, the consumption of coal for the
same purpose must be at least one-half more per degree of rise of temperature than what
ig required for the smaller rooms. But, the elevation of temperature in the larger
room was considerably less than in the smaller rooms; and therefore the same quantity
of coal, 1-54 lbs, per hour, or 42 per cent., is now taken, for the larger room as for the
smaller rooms, as that which is required to raize the walls to the maximum temperature
for open grates; and 2-09 lbs. per hour, or 54 per cent., for all the rooms, for close
stoves.

It may be concluded that the heat of combustion of the fuels consumed was dis-
tributed in proportions generally as follows (Table XVIL).

The third items of the distribution of the heat—the loss or waste of heat for open
grates and close stoves—are very nearly in the same proportion to each other as the respec-
tive elevations of temperature given in column 6 of Table 1V., page 71, inasmuch as

M
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whilst the elevations of temperature are in round numbers 11° and 18°% the relative losses
are 15 per cent. and 22 per cent. This is a natural relation, showing, as might have
been anticipated, that the losses are greater as the elevations of temperatures are greater.

TapLe XVIL—DISTRIBUTION OF THE HEAT OF COMBUSTION
OF THE FUEL.

Open Frates Close stoves
per cent, PEr Camt,
Heat carried up the chimney . . . . . - : 4
Radiated and conducted heat absorbed by the walls . . Shhes 42 64
Heat lost by radiation and conduction externally, and heat lost by im-
perfection of combustion. . . . ; LIRS 15 99
100 100

INDIVIDUAL RESULTS OF TESTS OF GRATES AND STOVES.

The tests of open grates and close stoves having been passed in general review in
classes, they may be noticed individnally, In the following Table (XVIIL.), results of
the tests made in the testing houses at South Kensington with Wallsend coal and
with anthracite, are arranged in the order of efficiency in heating or raising the
temperature of the room, expressed in degrees of rise of temperature per pound
of fuel consumed per hour (column 3). The measures of radiation are added, in
column 4, expressed in degrees per pound of fuel consumed per hour. The average

smoke-shades are entered in column §. The averages deduced in these Tables have been
employed in the previous Tables.
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TapLe XVIIL.—INDIVIDUAL RESULTS OF TESTS.
Crass I.  Open Grates, having ordinary bottom grids and wpward draught.
Average riso "
Ho. of af ur:nl;::ﬁmmrc “"mm%:ﬂ:lﬁ" Avernge
test Exhibitor and grate pu]-xl.-hf:fnim of conl per hour | Bmoke-shads
1 2 3 4 &
Ar-HeatiNGg.— Wallsend Coal, deg. P. dog -
10 | T. Potter & Sons. Thermhydric grate . 516 535 350
19 | A. B. Verrier. Comet grate . : : : . 469 2:00 306
20 Do, da. : - 304 1-5G 276
21 | Rosser & Russell. Firebrick lmmg, futed . . 3-85 371 1-62
23 | G. Haller & Co. Kohlhofer's hot-air stove . . 373 241 300
3 | The British Sanitary Company. Enclosed grate . 314 1-64 471
11 | Perceval and Westmacott, Parlour stove . . 208 298 267
26 | E. H. Shorland (G. L. Shorland’s patent). Man-
chester grate, firebrick lining - 2:16 177 287
6 | J. Wright & Co. Hygienic vantllatmg stove . e 155 1-46 SED
Averages . : p . : ' Sa7 2:38 522
Anthracite,
a J. Wright & Co. Hygienic ventilating stove . . S24 159 —
Nox-Arr-Heating.— Wallsend Coal.
17 | W. P. Taylor, Perforated firebrick back . 312 4-00 262
22 Tha dao. 2-24 642 &:60
156 | F. Nash, Back downward dmughg to depemt soot . 2:61 313 1-27
16 Da. 270 — 2:59
18 | The Radiator Range Cumpn.njr Pmpﬂtmg gra.t.e
and combustion chamber . 2:23 349 —
25 Do. i T 2:87 4-98 -
14 | W. Poore & Co. Triumph stove: firebrick lining,
and blower. . 2-40 308 411
8 | M. Perret. Radiating lire-gmte  firebrick lmmg'
and roof . : 200 382 355
1 | T. G. Gray. "'i'll:&pm perﬁ:lra.ted back . 1-90 425 279
27 | A. C. Engert. Solo grate: half-barrel formed
grate, stoked behind . . . . . : 1-85 291 1-81
Averagers s oe N LRt e 2-4b6 421 278
Anthracite.
2 | Barnard, Bichop and Barnards, Firebrick lining . 490 4-66 —_
7 | Perret. Radiating fire-grate : firebrick lining and
roof . . : : : - : : i 274 4-29 —
4 Do. do. - 2565 611 -
13 | W. Poore & Co. Triumph stove: firebrick lining
and blower . : : i : _ ; i 142 1-07 _—
Averages . . . . . . 290 4:09 —-

M2
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TapLe XVIIL—INDIVIDUAL RESULTS OF TESTS—confinued).

Crass 1.  Open Grates, having solid floors, adapted for slow combustion,
and wpiward drawght,
Avwerage rise i
Mo, of o of temperature | ATerage radia- Averape
Exhibitor and t ti or I of
bt xhibitor and grate ﬁ':‘elr-::giu-.;ml ‘..'ILI“EI'I; ::: ]IIJ'I.I;II:I.l' simoke-shade
Arr-ITearING.— Wallsend Coal. deg. 7. deg. B
40 | Steel & Garland. Wharneliffe grate 325 5322 J-86
37 | Marshall, Watson & Moorwood, Harleston gm,ta : 2:37 264 436
Averages 281 393 411
Now-Arr-Hearive.— Wallsend Coal,
44 | J, B. Petter. Nautilus grate . ; ; : : 412 338 2:81
38 Do, do. . 373 4350 o890
46 | Barnard, Bishop & Barnards. Glow-fire 400 504 236
33 Do, do. s 300 644 377
38 | Doulton & Co. Fire-place of firebrick slabs . 378 2-59 133
41 | F. Edwards & Son. Arnott's grate: downward
burning . 322 2:48 310
47 | T. Mitchell. Common gratc, with ﬁre::!ay !u:mg
and floor : - ‘ : 356 5'98 460
50 Do, do. : 2:09 2-40
42 | F. Edwards & Son. Downward-burning prate . 309 2- ?5 228
43 Do. do. : 146 307 300
36 | The Derwent Foundry Gumpan}' Abbotsford
grate - - - 307 573 4-21
34 | Barnard, Blslm ‘& Barnards. Bartlet grate
{ Wallsend mul and coke) . : 2-55 P S-00
45 | Frost & Winfield. Fire-lumps and baffle-roof : 1-56 405 4-43
;*l_ml'ﬂg'ﬂﬂ " " " a & “ o 5'[]2 4‘{){! S‘Gﬁ
Crass III.  Open Grates, wnder-fed : supplied with fresh fuel beneath the
imcandescent fuel.
No. of e ﬂft:?:mgo_r;:;‘:c Average radin- Average
teub Exhibitor and grate 1}“]-111;‘;;“?"" gcgll ;:*; EE&ELI'[ kA Sind e
Now-A1r-HearivG.— Wallsend Coal. deg. F. deg. F.
568 | W.S. Melville. Common grate, under-feeding shovel 403 250 414
bt E. R. Hollands. Under-fed, movable grid 400 a62 9.-52
57 | E.H. Shorland (G. L. Shnrlsmd’a [mtenl,j Prmceaa
Louise grate, under-feeding shovel . : 4-71 4-68 3-00
55 | Brown & Green. Under-fed by a e&ausher 2:85 372 212
58 | Yates, Haywood & Co. Under-fed, movable gnd 1-65 2:54 231
Averages . . ; : : ; : 381 61 2:82
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TaeLe XVIIL—INDIVIDUAL RESULTS OF TESTS—(confinued).

Crass IV, Open Grates, fed from the back, or from the sides, or from hoppers.

—

Average rise A e raAias
o Exlibitor and grute ey | towprinof | Avemer
par hone il S
Arp-Heating.— Wallsend Coal. deg. 7. dug. F.
63 | J. M. Stanley. Hopper-fed: downward draught . 266 1-81 224
Gl | Musgrave & Co. The Ulster grate: back hopper . 2:16 202 222
Averages . : : : . : 241 242 223
Anthracite.
G4 | J. M. Stanley. Hopper-fed: downward draught . 301 244 —
NoX-AIR-HEATING.— Walisend Coal.

65 | H. E. Hoole. Side Loppers, and reflector G-33 506 2:55
60 | A. C. Eogert. Coking hox at back e DR 2:35 356 2-02

62 | The Coalbrookdale Eompany Gassius ;.;ra.h: solid
tloor, back hopper . ; 2:34 2:81 176

67 | Archibald Smith & Stevens. Wonderful grate:
back hopper, downward draught 218 2:50 420
Averages . ¢ : : : : hitiTy 350 2-85

Anthracite.

66 | Archibald Smith & Stevens, Woanderful grm.e

back hopper, downward draught, i : 108 2458 e
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TapLe XVIIL—INDIVIDUAL RESULTS OF TESTS—(continued).
Crass V. Open Grates, having downward, backward, or lateral drawght.

Average rize Average radin-
No. of i of tempernture : AT0TR
e pclblerenl | el | emakiifie
Arp-Hearing.— Wallsend Coal.
dep. F. deg. F.
81 | Steel & OGarland, Kensington grate: firebrick
lining and floor; backward and lateral draught . 4-58 360 366
75 | M. Feetham & Co. Hurst grale backward and
downward draught . ; 4-22 454 (?)
73 Do. do. 412 7:01 141
80 | J. Moore, Backward and downward draught g 410 3-89 260
86,87 | W. L. Henry. Reeve & Henry's Smoke-purifyer.
Filter-chamber, adapted to a hob-grate. Mean
of two . : : : : S 506 1-68
69 | Captain T. E Clarke. Downward draught 360 276 175
70 do. 218 324 283
76 | Yates, Havw::md & Co. Redmayne's gmte fire-
brick lining and floor . 329 3:55 473
91 | W.L He:]r}r Reeve & Hmm s Smoke- [}ur:f}rm
Filter-chamber, adapted to a register-grate . ; 316 344 0-91
72 | M. Feetham & Co. Dog-grate with fire-basket :
backward and downward draught . ; ; 263 371 1-19
71 | The Derwent Foundry Co. Jobson's grate: fire-
brick lining ; draught downwards and backwards 214 325 316
Averages 345 4-00 289
Anthracite.
74 | M. Feetham & Co. Turst grate 5:03 502 —
77 | Yates, Haywood & Co. Redmayne's grate 4:95 4:21 —
B4 | Steel & Garland. Kensington grate 1-32 1-31 -—
Averages ST 351 —
Now- AtR-HEsTING. — Wallsend Coal.
B8 | T. E. Parker. The Vencedor grate: firebrick lining
and floor ; downward and backward draught 543 279 2-20
89 Do. do. 470 2:84 2:37
7% | Deane & Co. Crane's grate: ﬁmhrmk lmmg,
downward draught 4-00 509 490
92 Do, dn 2:22 351 445
o) | J. Cornforth. Hallow fire-bars: backward {lraught 3:00 2-56 3:50
82 | Clark, Bunnett & Co. Ingram’s Kaio-Kapnos grate:
firebrick lining and floor; backward draught . 204 3-40 331
93 | W. Lawrence. %ar:kwwd draught into a combus-
tion:chamber: | L L T TG R 1-59 2:33 272
Averages : ; - : - : : 5-98 3-22 321
Aunthracite.
63 | The Coalbrookdale Co. The Kyrle grate. Backward
draught at the bottom; ﬁm{rnc]s lining and floor 453 778 —
85 | Brown & Green. Luton grate: firebrick hmng,
sloped grid ; draught through back 288 4-03 =
78 | Deane & Co. Crane's grate . : 2460 4-07 =
83 | Clark, Bunnett, & Co. Ingram’s n'mta ; 155 315 —
Averages 2:89 4-76 ==
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TapLe XVIIIL.—INDIVIDUAL RESULTS OF TESTS—(continuwed).

Crass VI.

Close Stoves.

Avernpe rige of

Avornge radiation

No. iR e P ol A
?mf Exzhibitor and stove hlE‘ﬂjd’EEE! PI_::E Ihl:r]::: r?ﬂl‘&ua'l ﬂmmt:uh
Arp-HeaTing.— Wallsend Coal,
deg. F. dog, F
97 | H. J. Newcome. Tubular air-warmer . . . 480 202 2400
118 | J. T. Farwig & Co. Calorigen stove . - : 277 1:53 116
Averages : . ; : A . 379 1.78 1:58
Anthracite,
123 | F. Linholdt. Anthracite stove . - : 11-51 244 —
111 | W. SBtobbs. Crystal ventilating stove 11-33 36T —
114 | H. Hunt. Hygiene ventilating stove ‘ ; 500 2:36 —
126 | H. J. Piron. Hot-air stove and ventilator . ‘ 352 0-81 —
Averages 770 232 —
Nox-Am-Heatine.— Wallsend Coal,
104 | Yates, Haywood & Co. Miser: two pillars . G20 241 4-48
105 | J. Cornforth. Little Wonder (heating surface
more than doubled by long smoke-pipe, 9°04 rise
per 1b. of coal, reduced to 6° perlb.) . . . 6-00 208 069
116 [ Steel & Garland. Miser: four pillars . . i [ 281 236
130 | J. Dunnachie, Star heating stove . 3 i . 4-26 072 1-33
120 Do. do.! . " ' —_ - —
127 | R. W. Crosthwaite. Armstead-Gregory stove : 376 1-64 046
119 | The Suunlight Stove Com Euﬂ.nj" Sunlight stove 205 175 631
85 | C. B. Gregory. Smoke-burning furnace 2:48 054 0-00
100 | The Derwent Foundr J.’ Cﬂmpnn}r Johsnn 8 g|11
stove . - : 2-19 0-24 2-35
Averages 423 1G4 2-25
Anthracite.
102 | H. Hunt. Feonomy portable stove - . 811 278 —_
113 Tho, Crown Jewel stove = GGG 200 —_
107 | R. W. Crosthwaite. Armstead stove, Nn. L hdl 280 —
108 Dao. do. No. 2 . 4-42 516 —
100 Do, dao No. 4 . 4-27 261 —_
106 Do. do. No. 3 . 3-23 1-40 -_—
110 Do. do. No. b . 23 1-42 —
128 | Brown & Green. Albion stove . : : 416 288 —_
103 | H. Hunt. KEconomy : basze burner . 332 1-00 —
Averages . : ' 4464 250 —_

! Omitted here (very bad stoking).
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TapLe XVIIL—INDIVIDUAL RESULTS OF TESTS—(continued).

Crass VL. Slow-combustion tests for long periods.

| | | Rise of temperature | .

- Mo, of . Radia-
h&.}fr feating Exhibitor _DJT:;E'[ Fuel consumed per hionr | Aean ]Eﬂ "::,
room | 1st day | 2od day | AMean per b, | per hour

of conl

hours | Ihs. | deg. F. | degg. F, | deg. F. | deg. F. | deg. F.

06 3 Musgrave & Co. 24 | Coke, 2:22 1566 | 2:84| 925| 417 985

08 5 B. J. Klingenberg 274 | Wallsend coal, 2-31  10-80 | 12:75| 11-77 | 509 200

1 3 C. Portway & Sons 94 | Coke, 21032 17-66| 11-83| 14756 7-30( 1291

| 124 ] F. Linholdt 231 | Anthracite, 1'11 1216 | 1643 | 14:88) 1341 | 11°18

Four eloge stoves were tested for periods of upwards of 20 hours eontinuously, making Nos. 96, 98,
9, and 124 in Table No. ITI. The mean rise of temperatures, column 7, is taken as relative, not absolute.
The values for rise of temperature in tests Nos. 98 and 124, conduected in No. 5 room, are equivalent values,
being 1} times the observed values, in order to compare on equal footing, as before explained, with the
observed values in tests Nos, 96 and 99, which were J::uuductecil in a smaller room.

REMARKS ON THE FOREGOING TABLE.

Class 1. Air-Heating and Ventilation : Wallsend Coal.—T. Potter & Son’s
thermhydric grate stands at the head of the list for efficieney, in virtue of the great
expansion of radiating and air-warming surface developed in the hot-water tubes to the
right and the left of the fire-place, whilst excessive temperature of heated air is obviated.
In A. B. Verrier'’s ¢ Comet’ grate, the draught is partly taken through the back, into a
combustion-chamber, where heat is developed and carried off by the air discharged into
the room. Rosser & Russell have developed to a great degree firebrick absorbing and
radiating surface, in employing a fluted back with hollow sides. Henee their relatively
high degree of radiation and moderate smoke-shade. G. Haller & Co. have, in Kohl-
hofer’s hot-air stove, developed air-warming surface to an extreme degree. Hence the
comparatively high degree of efficiency, and, incidentally, an inferior radiating power,
consequent on the great expansion of the heating area. The British Sanitary Company
have probably made the most of the principle of active radiation, in the isolated fire-
basket, which radiates heat all around. But the smoke-shade is heavy. Perceval & West-
macott, in their Parlour Stove, ingeniously combine a cooking-oven placed directly over the
fire. The taper form of the conduit pipes which lead the gaseous products from the fire,
by which the gases are drawn together, is likely to act in promoting combustion. The
¢ Manchester’ grate, exhibited by E. H. Shorland, possessed little radiating power, with a
moderate rise of temperature ; and it was but moderately suecessful in preventing smoke.
J. Wright & Co.’s Hygienic Ventilating Stove, with its iron back and cooling surfaces,
did not appear to be very active in efficiency or in radiation, nor effective in the preven-
tion of smoke.

Class I.  Air-Heating : Anthracite.—The only test under these conditions was

made with J. Wright & Co.’s Hygienic Stove—a much better performance than that
effected on the same grate burning Wallsend coal. :

Class I.  Non-dir-Heating : Wallsend Coal.—W. P. Taylor, in employing a
gilled fireclay back in his first test and a firebrick back in the second test—made in both
cases with perforations and interstices for the influx of air into the fire from the back—
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certainly made a bright and active fire, with considerable radiating power. The fire was
supplied with external air introduced through a grating in the hearth. By this means,
draughts from the door and window were prevented. But the means of preventing
smoke were not sufficient. Thomas Nash contrived, by condueting the hot products
downwards behind the back of the grate, to develop radiating power; but the soot-
collecting box at the back did not appear to be of much service in controlling the
smoke-shade., The Radiator Range Company’s appliances, consisting of a preliminary
combustion-chamber applied to the back of the grate within the fire-place, was effective
for radiation. The tests were scarcely sufficient to settle the heating and smoke-pre-
venting qualities. The ¢ Triumph’ stove of W. Poore & Co., firebrick lined, succeeded
in radiating heat; but the smoke-prevention was imperfect. The action of M. Perret’s
radiating grate was based entirely on the radiating power of the firebrick, which, besides
being employed as lining, was employed also to form a roof or reverberator—useful, no
doubt, for burning anthracite, but not favourable for burning smoke-making coal, of
which the smoke-making gases were rapidly separated by the reverberated heat from
the tile overhead. J. G. Gray’s sloping perforated back admitted air into the body of a
shallow fire from behind. It does not bear a favourable comparizon in any respect with
Mr. Wavish’s system (Nos. 29 to 32, in Table I.), in which air was carried into the heart of
the fire, and smoke was materially diminished. A.C. Engert’s ¢ Solo’ grate, of barrel form,
is useful for burning large supplies of fuel stoked from behind, and pushed forward towards
the front as required. It iz questionable whether this form of grate, though effective
to some extent in preventing smoke, admits of the complete combustion of the fuel.

Class I. Non-Air-Heating: Anthracife—The anthracite grate of Barnard,
Bishop & Barnards, was very effective in warming as well as in radiation—in virtue,
no doubt, of the firebrick lining. M. Perret’s radiating fire-grate worked better in
burning anthracite than Wallsend coal :—in radiating power, as well as in efficieney,
the reverberating roof being useful in brightening the fire and maintaining it in a state of
incandescence at the surface. W, Poore & Co.’s stove did not work favourably with an-
thracite. It appeared to be of scarcely sufficient capacity for properly burning that fuel.

Class II. Awr-Heating and Ventilation: Wallsend Coal.—The ¢ Wharneliffe ’
grate of Steel & Garland was sunitably formed, with a bevilled canopy, utilised as a
compact air-warming chamber, well stocked with gills, which were cast on the back of
the grate. A considerable rise of temperature was effected, and a considerable degree
of radiation took place :—radiated heat, no doubt, being reflected by the inner slopes of
the canopy. There was not any special means of burning the smoke, which was rather
heavy. The ¢Harleston’ grate of Marshall, Watson & Moorwood, resembles construc-
tionally the ¢ Wharncliffe * grate above noted ; but it differs from this in the construction
of the canopy without any internal gills for warming fresh air; also in the building of a
roomy recess behind the grate, as an air-warming chamber. Here, the compactness and
the close and developed heating surface of Steel & Garland’s grate are wanting ; and
this difference may explain the inferiority of the performance of Marshall & Co.'s grate.

Class IT. Non-Air-Heating: Wallsend Coal.—In the ¢ Nautilus’ grate, J. B, Petter
combined originality and efficiency. The open space about the grate, together with the
openness of its structure, and its basis of firebrick, afforded free play for radiation,
direct and returned. These conditions may help to account for the ¢ Nautilus’ grate
standing first in Class IL. for efficiency. The average smoke-shade, nevertheless, was
comparatively heavy, althongh the air and the gases from the fire were closely brought
together above the fire, and were favourably associated for the completion of combustion.
It is probable that the divided flue was unfavourable for smoke-prevention, as the air
might have passed off one way and the gases another ; at the same time the intermixture
was not promoted by the form of the outflows, which were simply shorl pipes, one at each

N
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side. The ¢ Glow-Fire® of Barnard, Bishop & Barnards was efficient ; and, in addition, it
exhibited the maximum radiating power in its class. The firebrick roof, or baffle, no doubt
promoted the radiating action, but it did not appear to promote the combustion of the gases
rising from the fire. It acted, probably, rather as a distillatory agent, in raising the gases
quickly from fresh fuel, than in burning them after they were formed ; for, although air
was delivered through the back, over the fire, to meet the gases, the length of run under
the baffle was too short to admit of the gases and air being sufficiently intermixed.
Doulton & Co.’s Tile grate, next in efficiency, had, like the ¢ Nautilus’ grate, the advan-
tage of openness, and freedom for direct upward radiation from the fire. F. Edwards & Son
had Dr. Arnott’s downward-burning stove tested with their own system of burning down-
wards. In grates of their own design, the smoke-shades were moderate. But the grates
were comparatively slow-burning, and of course could not be forced. The fireelay-lined
grate of T, Mitchell had a considerable smoke-shade ; but the radiation also was consider-
able. The ¢ Abbotsford* grate of the Derwent Foundry Company haid a heavy smoke-shade,
but considerable radiating power. The ¢ Bartlet® grate of Barnard, Bishop & Barnards is
of the same kind as the two preceding grates, and it was nearly as efficient. The least
efficient grate in Class II. is that of Frost & Winfield, which resembles the ¢ Glow-Fire,’
but is distinguished from it chiefly by the inflow of air into the fire through the back
slab at the bottom, where the ¢ Glow-Fire ’ is close.

Class III. Non-Air-Heating : Wallsend Coal.—W. J. Melville, under-feeding
with a peculiarly formed shovel, attained a high degree of efficiency; but his smoke-
shade was heavy. E. R. Hollands’ grate, mechanically under-feeding, was also very
efficient, and the smoke-shade was moderate, The ¢ Princess Louise,’ exhibited by E.
H. Shorland, with an under-feeding shovel, was likewise efficient. Brown & Green’s
grate, under-fed by a pusher, was not zo efficient as the grates just named, but it made
the lowest smoke-shade in its class, An under-fed grate, by Yates, Haywood & Co.,
resembled E. R. Hollands’ grate. It was tested experimentally.

Class IV. Ad4r-Heating: Wallsend Coal.—J. M, Stanley’s hopper-fed grate
showed a comparatively low smoke-shade; also a moderate degree of efficiency,
with a low radiating power :—to be expected from the rather elose disposition of the grate.
In the ¢ Ulster’ grate, of Musgrave & Co., the fresh fuel was introduced into the fire at
the back, for its whole depth. Accordingly, the most of the gaseous products passed
through ineandescent fuel, and the smoke-shade was light,

Class IV. Air-Heating: Anthraeite—J. M, Stanley’s hopper-fed grate acted
efficiently with anthracite :—more efficiently than with Wallsend coal.

Class 1V. Non-Air-Heating: Wallsend Coal.—H. E. Hoole’'s grate made
decidedly the highest efficiency and radiating power of all the grates of its class ; due to
the excellent conical reflector by which the heat radiated obliquely from the fire was
effectively reflected into the room. The back coaling-box of A. C. Engert did mnot
sufficiently control the preparatory process of distillation, as aimed at in grates of this
class, The Coalbrookdale Company’s ¢ Gassius’ grate, delivering fresh coal at the bottom
of the fire-place, was the most efficient of its class in reducing the average smoke-shade ;
contrasting favourably with Archibald Smith & Stevens’ ¢ Wonderful ’ grate, in which the
smoke-shade was maximised. Here the coal was delivered to the fire at the upper part
of the back, and so the distilled gases did not thoroughly traverse the fire, and they escaped
partly unconsumed. On the contrary, in the ¢ Ulster’ grate, of Musgrave & Co., already
noticed, the fresh coal was introduced into the fire at the back for its whole depth.
Accordingly a less proportion of the distilled gases escaped unconsumed than in the
¢ Wonderful * grate, and the smoke-shade was much lighter, nearly approaching that of
the Coalbrookdale grate, in which also the fuel was charged at a low level.
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Class IV. Non-Air-Heafing : Anthracite.— Archibald Smith & Stevens’
¢ Wonderful * grate acted with results corresponding to those already noticed for Wallsend
coal in the same grate,

Class V. Air-Heating : Wallsend Coal—Steel & Garland’s ¢ Kensington’ grate
stands first in this section for efficiency ; but the smoke-shade is heavy, probably because
the deflecting screen around the interior of the fire-place is not carried far enongh down
into the fire to drive the gaseous products well through the incandescent fuel. In the
¢ Hurst’ grate, by M. Feetham & Co., the draught is carried down through the fire, and
the effect is a very light shade of smoke, with much radiation. J. Moore, on the same
prineiple, shows nearly as much efficiency as M, Feetham & Co., but less radiating power
and a darker smoke-shade. The comparatively greater depth of smoke-ghade may be
due to the fact, that Mr. Moore carries the cwrrent from above the fire directly through
to the back-flue, whilst Mr. Feetham takes it down to the base to meet with the hot
currents from the sides. Reeve & Henry’s Smoke-Purifyer, exhibited by W. I. Henry, in
a register-grate and a hob-grate, showed a light smoke-shade. The draught is carried
through the fuel and through the back into a filter-chamber filled with iron-turnings.
Thus, there are two means of reducing the smoke. Captain T. E. Clarke is moderate in
efficiency, radiation, and smoke-shade. Redmayne's grate, by Yates, Haywood & Co.,
showed a heavy smoke-shade. The ¢ Dog® grate, by M. Feetham & Co., makes a very
light smoke-shade. Jobson’s grate, by the Derwent Foundry Company, was the lowest
in efficiency of its section, whilst the smoke-shade was considerable.

Class V. Air-Heating: dnthracite—The ¢ Hurst’ grate, by M. Feetham & Co.,
acted with a greater degree of efficiency, and of radiation, in burning anthracite than in
burning Wallsend coal. So also did Redmayne’s grate, by Yates, Haywood & Co. The
¢ Kensington ’ grate, by Steel & Garland, on the contrary, was very low in efficiency and
radiation.

Class V. Non-Air-Heating: Wallsend Coal.—The ¢ Vencedor’ grate, by T. E.
Parker, stands at the head of Class V., for efficiency. Crane’s grate, exhibited by
Deane & Co., was proved to have a fair degree of efficiency, with good radiating power ;
but it showed a comparatively heavy smoke-shade. J. Cornforth’s grate made smoke of
a moderately deep shade. Ingram’s grate, by Clark, Bunnett & Co., was but
moderately efficient. W. Lawrence's grate, with a back combustion-chamber, was still
less efficient.

Class V. Non-Adir-Heating : Anthracite.—The ¢ Kyrle’ grate of the Coalbrook-
dale Company showed a great degree of efficiency, and of radiating power. Mode-
rate results were derived from tests of Brown & Green’s * Luton’ grate, the ¢ Crane’ grate
of Deane & Co., and Ingram’s grate, by Clark, Bunnett & Co.

Class VI. Air-Heating : Wallsend Coal.—The efficiency of H. J. Newcome's
Tubular Air-warmer, and the low temperature in the chimney, 90° are due to the greatly
developed radiating and conducting surface of his tubes; and the moderate degree of
smoke was arrived at partly by the deposit of soot in the circulating pipes. The
temperature, 90°, contrasts with the probable temperature, 200°, which would have been
reached in the chimney if the draught had been direct. The ¢ Calorigen ’ stove, by J. F.
Farwig & Co., is but moderately efficient,—for want of surface, no doubt,—as the
smoke-shade is very light, and the combustion was good.

Class VI. Air-Heating : Anthracite.—F. Liénholdt’s base-burner stove tukes
the lead in efficiency as a close anthracite-stove. By conducting the hot gascous
products to the bottom, and developing a large surface for warming air, Mr. Linholdt
was enabled to deliver from the stove as much as 6,000 cubic feet of air per hour, at a

N2
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temperature of from 200° F. to 220° F, The ¢ Crystal’ Ventilating stove, exhibited by
W. Stobbs, also a base-burner, was very efficient. The ¢ Hygiene ’ stove of H. Hunt, a
base-burner, had a considerable degree of efficiency. It differed from Mr. Stobbs’ ¢ Crystal’
stove, in bringing in fresh air from without to be warmed and delivered into the room,
whereas the ¢ Crystal ’ stove drew its supply from the room for warming. H. J. Piron’s
stove, in which the produets of combustion passed at once upwards and were led off, was the
least efficient of the four ventilating stoves burning anthracite ; whilst its radiating action
was very meagre—in consequence, no doubt, of the superfluous pains which were taken
to prevent radiation, by lining the case of the stove with a non-conducting material.

Class VI. Non-dir-Heating : Wallsend Coal.—The ¢Miser’ heating-stove, by
Yates, Haywood & Co., is the most efficient in the section in which it is placed; but it
made comparatively much smoke. The same class of stove, as exhibited by Steel &
Garland, had four pillars, whilst the ¢Miser’ of Yates, Haywood & Co. had only two
pillars. Yet it did not prove so efficient as the simpler stove was; but it made less
smoke, J. Cornforth’s ¢ Little Wonder ’ stove was one of the most efficient, as well as the
most suecessful in consuming smoke. It must be explained that the stove was placed
in the middle of the room, and was fitted with a 5 inch flue-pipe, 14 feet long, by which
the heating surface was more than doubled in area. The duty, according to the results
of the test, was at the rate of 9:04° F. rise of temperature per pound of coal consumed per
hour ; but,allowing off one-third of this as effected by the flue-pipe, leaving an efficiency
of 6° F. per pound of coal, the ¢ Little Wonder ’ would range in efficiency with the ¢ Miser’
stove. The combustion was good, and resulted from the complete mixture of heated
air from the hollow fire-bars with the gases passing over the bridge. The ¢ Star’ heating-
stove, by J. Dunnachie, was efficient, and at the same time showed but little smoke.
The ¢ Armstead-Gregory’ stove, of R. W. Crosthwaite, was almost entirely smokeless, and
was efficient to a medium degree: an unusually large proportion of the heat was carried
off up the chimney. The ¢ Sunlight’ stove was but moderately efficient. There was too
little radiating and warming surface ; moreover, the degree of smoke was very great, for
want. of adequate provision for the mixture of gases and air, C. B. Gregory’s smoke-
burning furnace was perfect as a fuel-burner and smoke-preventer, obviously because
of two things :—that the combustible gases were kept hot until they were consumed,
and that the air for their combustion was heated, and was delivered at the throat of
the furnace, so as to meet the hot gases and immediately mix with and inflame
them. The efficiency, as it happened, was the minimum, but a large proportion of the
heat of combustion was passed away by the chimney. It may be explained that this
partieular furnace was not specially adapted for heating an apartment, but for opera-
tions on a much larger scale than this function. Jobson’s ¢ Gill’ stove, by the Derwent
Foundry Company, happens to have been the least efficient of the section in which

it is placed. It is distinguished by a direct downward draught. The smoke is of a
medium shade.

Class VI. Non-Air-Heating : Anthracite.—The ¢Economy’ portable stove, and
the ¢ Crown Jewel’ stove, of Harry Hunt, proved of the highest efficiency in this section.
- The ¢ Armstead’ stove, by R. W. Crosthwaite, designed on the principle of detaining and
circulating the hot gaseous products at the upper part of the stove, worked with a
considerable degree of efficiency. Next come the ¢ Albion’ stove, of Brown & Green,
which shows considerable efficiency ; and, lastly, the ¢ Economy’ base-burner, by Harry
Hunt. -

Class VI.  Slow-Combustion Tests for Long Periods.—The best developed stove
for heating air—Mpr, Linholdt’s—has clearly made the best performance.



THE MOST REMARKABLE

THE MOST REMARKABLE RESULTS OF

RESULTS.

PERFORMANCE.

The most prominent results of the tests of grates and stoves are given in the

following Table.

The first and second places in efficiency are cceupied by the close

TapLE XIX.—THE MOST REMARKABLE RESULTS OF PERFORMANCE.

i —

IN THE ORDER OF EFFICIENCY | I¥ THE ORDER OF SMOKE.PREVENTION
Walls- | Rise of Walls- | :
Class Exhibitor and open grate u?ﬂ.;"_ I:'_THH: Class Exhibitor amd open grate .1-.::";.:;: E:T::ITI:
cite of coal Ll
Ko, deg. F. N, deg, F,
4 H. E. Hoole. Reflector . W. Gaad o W. 1. Henry. Sumlm—
1 | T.Potter & Soms. Therm- purifyer : W, | 091
hydrie . : ' | W. | 516 2 Doulton & Co. Tile gr:m: W, | 143
5 T. I&. Parker. Vencedor .| W. | 50¢ 7} T. Feetham & Co. Hurst
5 | M. Feetham & Co. Hurst grate : S W, | 1441
grate : ol A 503 3 Brown & GreBn. Tnder-
3 "W S. Melﬂlle Shovel, feed ; : .| W, | 213
under-fead . W. | 493 b T, T% Parker. ‘\'enccdnr | W.o| B2s
3 E.RE. Hollands. T_Tnde'r-fmd W. | 490 2 Barnard & Co. Glow-fire. | W. | 236
1 Barnard & Co. Anthracite b E, R. Hollands. TUnder-
EHTE ® * - - .-"l.- 4':]1] fGBﬂ . " " . "‘F- Q
3 E. H. Shorland (G. L. 4 H. E. Hoole,. Reflector W. 255
Shorland’s patent). Un- 2 J. B. Petter. Nautilus . | W. | 28]
der-shovel . ; . W. | 4Tl a E. H. Shorland, Under-
5 Steel & Garland, Ken- shovel . W. | 300
sington . ; W. | 458 1 T. Potter & Suns. TI:ern:-
5 |The Coalbrookdale Com- hydrie . W. | 3460
ny. Kyrle : A, | 453 5 | Steel & Garland. Iwnﬁmg-
5 T. Feetham & Oo. Humt. trn W. | 368
grate . W, | 422 3 S. Melville. Elmvﬂl,
2 Barnard & Co. l"lnw-ﬁre W. | 400 undcr—fued ; L WL 414
2 J. B. Petter. Nautiluz .| W. | 393
2 | Doulton & Co. Tilegrate | W. | 378 |
6 | W. I. Heory., BSmoke- i
purifyer W. | 316 |
3 Brown & Greeon. Unﬂﬁr—ﬁ:ed W. | 285
Cloge stoves Close stoves,
] F. Linholdt A, |11:51 (i L. W. Crosthwaite. Gre-
G W. Stobbs A, |11:88 gory . I : .| W. | 0dg
G H. Hunt. Economy Pur*- 6 J. Cornforth. Little Won-
able . A, a11 ey : : .| W. | 0689
6 | Yates, ][n}rwmd & Co. 8 | H.J. Newcome W. | 2200
Miser . W. | 880 G Yates, IInywm}d & [.-u
6 H. Hunt. [}rtnwn Jewel i A. T Miser . : W. | 4-48
& J. Cornforth. Little Won-
der : ! LWL 800
(& H. I N!:wmmﬂ ; .| W, | 480
H] R. W. Crosthwaite. Gre-
gory . - .. « | W. | 376

stoves of F. Limholdt and W. Stobbs, with which, burning anthracite, the temperature
of the room was raised upwards of 11° F. per pound of coal consumed per hour. The first
and second places for lowest smoke-shade are taken by the close stoves of R. W.
Crosthwaite (* Armstead-Gregory * Stove) and J. Cornforth.
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Of the open grates, that of H. E. Hoole stands first for efficiency—a remarkable testi-
mony to the value of good and well-placed heat-reflecting surface. The next is T. Potter
& Sons’, whose thermhydrie grate or stove is a testimony to the value of fully developed
=1|r-hf,:1t111g and radiating surface. Then T. E. Parker shows the value of a downward
back-angle draught, and M. Feetham & Co. prove also the efficiency of downward
draught. Next are W. A, Melville and E. R. Hollands, alse E. H. Shorland, who prove
the merit of under-feeding and an upward through draught ; although, on the contrary,
Brown & Green, who also under-feed, stand at the foot of the list. This inferiority of
]mhlftml may pi ﬂ'h:lbr v be accounted fDr by the narrowness of the base of the fir -e—which
is contracted by the insertion of a sloping back—and a deficiency of radiating power.

In the order of smokelessness, W. 1. Henry's back filter-bed or smoke-purifyer, of
iron-turnings, through which the draught is conducted from the back of the fire, takes
the first place ; and yel it is nearly the lowest in the list for efficiency. Doulton’s tile
grate, too, next to W. I. Henry's grate for smokelessness, stands next to it also for low
efficiency.

GENERAL OBSERVATIONS ON THE RESULTS OF THE TESTS.

It is worthy of observation that even the densest smoke-shades that have been
recorded, in the -tests of grates and stoves, are light comparatively, when the smoke
of industrial establishments and of steam-boilers is taken into consideration. The
reasons are not far to seek, since the smoke of open grates is excessively diluted with
air, and that of close stoves also, though in a less degree. Such preliminary dilution,
of course, makes no difference in the final condition of the atmosphere, whilst it may
divert attention from the magnitude and importance of the evil.

It has been demonstrated that in close stoves the combustion of smoke-making fuel
is much more nearly complete than in any kind of open grates, and that the average
smoke-shade is decidedly lighter than in any kind of open grates; that the dilution of
the gaseous products of combustion is much less in close stoves than in open grates; and
that, partly in consequence of this favourable condition, and partly in consequence of

the glLdtLI‘ freedom for parting with heat by radiation, as well as by conduetion, close
stoves are much more efficient for umrﬂmg rooms, and more economical of fuel, than
open grates. But whilst the close stoves raise the temperature one-half more than the
open grates, these, on the contrary, radiate locally at double the intensity of the radiation
from those ; these also exhibit a degree of life and brightness unknown to those ; and,
wasteful of heat though they are, it is likely that the open grates will continue to be the
principal generators of heat from solid fuel.

Of the open grates, those are the most effective, as well as the least smoke-making,
in which the distilled gases are caused to pass through the incandescent fuel, and so to
become sufficiently heated in combination with air also passed through the fuel, as to
be consumed more or less perfeetly, to an extent at least which is not attained in other
grates of direct open draught.

Anthracite, as a fuel, appears from the general results of testing to be as efficient
as Wallsend coal in open grates, whilst it is decidedly more efficient in close stoves. It
is also remarkably more efficient in grates and stoves in which a supply of warmed fresh
air is provided and delivered into the room. Such a function does not appear to be
fulfilled economically with Wallsend coal as fuel. On the contrary, grates and stoves
burning bituminous eoal appear to do better for heating efficiency, when left to operate
by simple radiation and conduction; with the exception of the most wasteful kinds of
grate—those of Class L.—having bottom grids and a direct upward dranght. For such
grates the air-warming appliances are promotive of economy.
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The diffusion of heat throughout a room appears to be accomplished in the course
of ordinary circulation, with plain grates, as effectively as with ventilating grates, The
difference is very considerable between the temperatures of the lowermost and the
uppermost strata of air in the room. It remains a question whether, in rooms of
ordinary proportions and finish, the temperature may not be more nearly equalised
than it. was proved to be in the testing houses; and it is in evidence that temperatures
not varying by more than 2° F. were attained in an apartment partly warmed by air
discharged from the grate,

With respect to the distribution of the heat of combustion of fuel in an apartment,
it has been shown that though a large proportion of heat is carried off in the chimney,
an equally large proportion is absorbed by the walls: in the case of close stoves, more
than one-half of all the heat, The bearing of this conclusien on the construction of
houses, leads to the deduction that comparatively thick walls are conducive to uniformity
of internal temperature—to the prevention of excessively high temperature in the
summer months, and of exceszsively low temperature in winter. That great thickness
of walls is preventive of great extremes of temperature, is a practical conelusion which
has generally been acecepted. Comparatively thin walls, or shells, on the contrary, give rise
to extremes of temperature. It has now been demonstrated that the walls of a room
act as equalising heat-reservoirs, heat being absorbed hy the walls when the interior
temperature rises, and emitted by them and absorbed by the air of the room when the
interior temperature falls.

In the Table (XIX.) of the most remarkable results of performance, there are
instructive and suggestive contrasts which would bear further investigation, and from

which useful practical deductions may be anticipated.
D. K. CLARK.

ADDENDUM,.

Independently of the results of the special tests above investigated, observations were made of
the smoke-shades that proceeded from the chimneys of grates and stoves in their places in the Exhibition
whilst in daily action. The temperatures of the gases in the chimneys were also noted. The following
are the averaged results of observations made during four conseeutive days in January 18582 on the
smoke-shades and temperatures of twenty-six open grates and three close stoves burning Wallsend eoal.
In parallel columns are given the respective smoke-shades, and temperatures in the chimney, observed
during the special tests : —

Observed in the Exhibition bailding Obearvod during the sl tess in the
ating housis
Class |-
Averagme Average temperatore | A verage Averages temperatane
smoke-shade in the elimney | sopoke-alinde in the chimney
No. | Fahr, : Fahr,
1 4-50 ! 202 . 3:23 1757
2 3-30 | 105E R 2112
3 - . . . 3:50 ! 174 255 1561
4 - 450 I 917 275 2102
] : % 4 ol ! 235 253 3760
Average of Nos. 1-5 : 4-20 1467 204 2949
o6 . : : : -5 199 2-53 —

Here it is shown that the smoke-shades are much darker under the ordinary attention given to the
open grates in the daily routine of the Exhibition, than under the better management with which the
special tests were conducted. For the close stoves, which were less dependent on skilled management, the
smoke-shades are identical. The temperatures in the chimney fluctuate in a manner to be expected under
the circumstances, For the open grates they range lower in the Exhibition building than in the testing
houses—a variation readily accounted for by the comparatively exposed situation of the chimneys in the
Exhibition building, and their being constructed of sheet-iron.—I. K. C.
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II. REPORT ON TESTS OF COAL-BURNING KITCHENERS, &ec., 1882,

TWENTY-SEVEN complete tests of kitcheners and ranges were made for roasting meat and
baking puff pastry, comprising nineteen different exhibits, under the supervision of
Mrs. Charles Clarke, Lady Superintendent of the National Training School of Cookery,
South Kensington, who kindly volunteered to assist at the tests. The fuel consumed
was, for the most part, hard steam coal. The resnlts are given in the annexed Table
(XX.), in which also the dimensions of the roasters are given.

No. 1. THE WiLsoN ENGINEERING Company.—Portable range, 4 feet wide, not
requiring any brick-setting. The fire is in the middle, between two ovens. The fire
door is perforated, for the admission of air above the fire; it is made double and hollow,
so that the air passing between the plates becomes heated before reaching the fire. Air
is also admitted from below the fire, up the outer sides of the furnace, which is of cast-iron,
between gills, to meet the gases from the furnace, the air being heated as it rises. The
intermixture is promoted at the point of meeting by a baffle-plate, The products of
combustion pass over the oven down the outer side, and under the bottom. The
bottom is gilled, in order to better abstract the heat of the gases. The boiler, at the
back, is made of steel and wrought iron, and can hold 10 gallons of water. It does
not form part of the furnace. The bottom of the range is enclosed, so that the heat is
retained there, (Plate 29.)

No. 2. M, Feeraam & Co.—W. F. 8. kitchener, built into brickwork. The fire is
supported by a rack-and-pinion motion, by means of which it may be raised or lowered
as desired. The foul gases from the roaster and the oven are drawn down from the
upper part and passed through the fire,

No. 3. Joux M. STANLEY.—The novel feature of this range is the combination of
the prineiples of open and of closed fire-places. The fire-back is closed, and forms a retort
or hopper, into which the fresh fuel is delivered, and where the gases are distilled.
The gases are passed throngh the fire and are so consumed. The produets pass out
through the sides and the back at the lower part, and thence pass under the ovens,
up the outer sides, and over the top, to the flue. (Plate 30.)

No. 4. M. Feeraam & Co.—Sayer's Dust-Consuming Range, containing two
ovens and two hot-closets.

No. 5. T. J. CoxstanNTINE.—The ¢ Treasure ’ Range, No, 88, The furnace or fire-
pot is of cast-iron ; the sides and the back are hollow, forming air-spaces. The middle
fire-bar is hollow, into which air is admitted from the ashpit. This air passes all round
three sides of the fire-pot, and passes into it through slots at the top of the three sides,
where it meets and consumes the smoke which rises from the fire. The fire-bars are
feather-edged at the lower side to facilitate draught. The door is triple-chambered,
or so divided by diaphragms as to heat the air that is admitted into it from the front,
through holes at the lower part: the air being passed upwards, then downwards,
and then upwards, before entering the furnace through slets at the upper part, The
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passages through the door are subdivided by gills. The gaseous produets pass over
the top and down the outer side of each oven. (Plate 30.)

No. 6. C. CaurcHILL & ('o.—The ¢ Greene * Soft-Coal Cooking-Stove. The furnace
is made with firebrick sides and a sloping firebrick back. The grates consist of bars
with numerous perforations ; aeross the upper part of the furnace, and facing the inclined
back, air in small jets is delivered upwards from a cast-iron air-duct towards the sloping
back, to meet and consume the smoke, The gases pass away over the far end of the
oven, which is below the furnace, then down through two flues at the back of the oven
and under the floor of the oven on each side, and back under the floor into the middle.

(Plate 31.)

No. 7. W. Sropes.—* Beebe’ Kitchen Range, burning anthracite. It is set in
firebrick, the sides of the fire are inclined towards each other backwards, and the sides
of the ovens, one on each side of the fire, widen backwards correspondingly. (Plate 33.)

No. 8. Newron, Crampers & Co.—The ¢ Thorneliffe’ Range has two baking and
roasting ovens, and two hot-closets below. Between these the fire is placed, formed
with two thick firebricks, one next each closet. The flame passes over each closet, then
under the oven above it, and then over to the flue. There is the speciality that the
way out from the ovens is by an independent exit direct into the outer flue ; so that
the ventilation of the oven is not liable to be interrupted by the regular dranght of the

range. (Plate 31.)

No. 9. TE EaGLE RaNGE axD Founpry CompanNy.—The ¢ Eagle” Range. The front
bars are upright, the grate is hinged at the back, and is movable up and down at the
front, so as to increase or diminish the body of fire. It is let down for roasting ; lifted
for baking in the oven or for boiling. The flame passes over the top of the oven and
down the outer side, and thence to the flues behind., (Plate 32.)

No. 10. A. C. ENGERT.—The speciality comsists in the mode of feeding the fire
from the coaling-box at the back, in which fresh coal is deposited. The box is moved
forward as required by means of a lever.

No. 11. Rosskr & RusseLL.—The fire is of such a size that meat can also be roasted
in front. With the object of preventing an excessive comsumption of fuel, and to keep
the hot-plate and ovens heated by a small fire, the fire-place is fitted with a rising
bottom, movable vertically by a rack-and-pinion motion, which can be raised as the fuel
burns away.

No. 12, W. 5toBes.—* Beebe’ Range, No. 1, burning anthracite; the same as in No.7.
No. 13. J. M. STANLEY.—The same as No. 3.
No. 14. M. Feernam & Co.—W. F. S. Kitchener ; the same as No, 2,

No. 15. THE Rapiator RanGe Company.—* Radiator’ Range. The fire-place is cireular,
and projects to the extent of a half-circle beyond the front of the range. The gases
pass through a narrow opening horizontally into a combustion-chamber at the back, for
the consumption of smoke, whence they pass over and under the ovens, one on each side.
By the projection of the fire-place, places are provided for three joints roasting at once,
in addition to the roasting ovens; and the ovens are not exposed to the direct heat of
the fire. (Plate 33.)

No. 16, M. Feernaym & Co.—Sayer’s Dust-consuming Range ; the same as No. 4,

No. 17. THE WiLsox ExGINEERING CoMpPaNy —The same as No. 1.

i
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TESTS OF COAL-

BURNING KITCHENERS.

TapLE XX.

LTS OF TESTS OF

DpiExs1oNs oF RoAsTER | 5 P:it.-l:grul:: 2E Jors
Mo =
Date of o o
t:fsl:. :es.nﬂ Names of exhibitors Deseription of kitehener sl Fima | Deserip- | Weignt ;_;;
Helght | Depth | Width ht‘?;]:illlp ir;:;?: ronsting t?.;.?n‘[:i oif;gm EE
1 2 3 4 5 G i B 2] 10 11 12 12
Man 1882 in. in. in. min, |deg. F.|h. m. 1b. oz. | 1b. oz,
. The Wilson Engi- Portable Range, 4 feel = 29 14 55 250°| 0 55 | L28of | £ 12l 4 14
1] feb. o neering Company wide ; . 2 & = 65 | muatton
| f i - r -
) [ M. Feetham & Co. “;ﬁ:ﬁ;‘;sﬁ}';;t" ildﬁﬂ_} 18 | 193 | 153 73 | 250 |117| Do |5 1|4 0
8| ., 6| J. M. Stanley 'H'”l];‘;“;;:“" Cooking-1| 15 | 21 | 18 | 45 | 250 [1 3| Do |5 4|4 8
4| , 6| M. Feetham & Co. %%ﬁﬁﬂfﬁz’?“““”g 1 104 | 37 | 15 | 30 | 260 |os0| Do | 411)|4 1
: . Sirlai
5| ,» 7| T.J Constantine. |{TVf -xeasiee Range 1| 17 | 23 | 14| 40 | 260 | 188 | >Fio% iz 910 g
t- 1 -
6| , 7| €. Churehill & Co. Thémff;:;f‘gmﬁf coall) 133 | 20 | 19 | 40 | 280 |187] Do |1114[9 5
7| ., 8| W.Stobbs “"fﬁe;"ﬂﬂ‘ ff““gﬂ1]. w0 | 20| 12 | 81 | 260 |144]| Do |12 4| 813
8| . .8 [fNewton,Chambersl | fThe Thornolifle Rares, 11 ‘xs | a0y | “18) 7 Sa0i) “2p0taios S0 S Se R0
The hﬂ.{ﬂt’. Range?) | i Eagle Range, 4 feet 16 14 10 950 | 1 55 Do, 12 14 10 12
B8 & Foundry Co. } ‘i wide . ' =t } } = <
Back Coking- “box Rﬂnge .
0| , 12| A.C. Engert 4ft. §in. by 2 ft. 8 in. 18 22 18 65 | 260 (230 Do. [1213|8 7
high = 2 ft. 2 in. ﬂeep :
11| ,. 12| Rosser & Russell. 8 feet wide . 18 16 28 50 | 260 |2 20| Do. (12 Of 811
| 12| , 12| W.Stoubs ““ff‘;ﬁ“\fﬂﬁ“ Range, V] 10 | 20 [ 12 | 57 [ 250 [2 0| Do |13 810 6
13| , 13| J. M. Stanley _“'3;{‘;::‘{:“‘1 Cooking-1| 15 | 21 | 18 | 66 | 250 |2 30| Do |12 7|8 4
| Fmtham"s WFE klb—} Z 4
i. 14| ,, 13| M. Feetham & Co. CKEiir IS PuctiidEl 18 104 | 1ok | 2T 250 | 2 2 Do, 12 6|38 1
The Radiator Radiator Raugc,isfaet} = o 17 =6 | 2z0 | 2 39 Do. |11 10l 9 2
[[EE et Range Co. }' wide . 174 0 5 |
= 8 Dust-consumin = 5 - :
16 | ,, 15| M. Feetham & Co. { 3;tﬁ’;§h$mng; L1 104 | 17 15 | 65 | 260 | 2380 | Do. |1L10(8 8
17 15 The ‘l.?l"i]!-ﬂ',ltl Eﬂgi- P{:-rt_ﬂble .Hd.ﬂgﬂ, 4 fﬁ'ﬂt-} 15 aq 94 40 250 a a0 Do, 12 2l8 &
o neering Company wide .
18 | ,, 18 {'“lgme 5‘;‘““51“'} Dutch Oven,2}fectwide | 93 | 113 | 143 | 42 | 250 [235| Do, [12 2|9 6
iy f@mnke mﬁsuﬂ]ll’lﬁ Kit- g1 20 415 2=0) & %5 Do, 12 5| 8 13
19| ,, 16| Brown & Green | chener, 4} feet wide. 16 18] 5 3 a
201 , 16 Da:  dosee = Gem Btove, 2 feet wide 10 13 13 T6 | 260 |2 80 Do [11 2|9 B
i The Times Portable ) . K |
31| 23 Do. do. . Jl Cooking-Btove, 4 feet 13 6% | 16§ | 25 | 280 (2 7 Do. (12 7|8 15
wide . ;
23 w 27| J. Court { 3# ft. wide, 18 in. Eeep. 14 15 14 40 250 |3 0 Tio. 12 3|9 15
L The Falkirk Smokeless
| o3 g5 | S The Falkirk Tron} | ] "o 00 e Kitchener, b| 143 | 15 | 15 | 105 | 250 [230( Do. |11 5|9 2
i > Company f 4 feet wide
4| - 25 Do, dlo. The Auxiliary — — — &0 250 | 2 0 Do. |11 3|8 2
The Falkirk [ Left oven 141 15 15 47 260 23"]: Do, 1:‘3 oo 2
95 28 Do do Bmokeless | Right oven| 14 1) 13 — — | 245°%] Deo. |12 0|0 1
L a 5 - °
" Close-fire ¢
E l Kitchener [ In front — - o - — | 2162 Do. |12 0 8 12
o6 | Mar. 13 [ The {ladiator‘l_ jRad:atnr Range, 4F feet Lo s aks 63 | 320 | o 40 Do. 1 7le ¢
| Range Company [ || wide . : ; ]
27| . 23| T.J.Constantine. Nao. 88, 4 feet Hnnge 17 25 14y | 88 | 260 [202| Do. |12 B| 816

! Joint in right oven

= J-;:u-n in left oven.

3 Joint in front,
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Jorer— continued. PUFy Pastay Coal, CONSUMED QUALITY 0OF THE WORE DOXE Ramsma WaTer To Bomsc Poixe
i CorpeER STARDAKD IPAX
Weight after roasting Tempe- ﬂ:nl:lkn
Time| TFoture Hard shiade i & vt T |
Urin- Loas of 'tlIL“ 3 ﬂt-l-llar:m Asl ‘:E::h Jaint Pastry E:!m';“ Bailing l;ﬁ;:r W:-frht 1::.“
Fiﬂ% Total| ‘weight [*"|on |om | = oo rature | PO | ature | water |quired
14 15 | 18 17 |18 |19 (20| 21| 22 (23| 24 |25 28 a7 28 28 30 31 | 82
I, oz.| It oz, |1b. oz | p.ot. |min, (d, F.|d. F.| oz |lb, oz | o&. [perct.| Mo deg. F. | deg, F,|deg. F. | 1bs. | min,
O 6|6 40 8| 869 10 (380°%00° — |16 0| 6| 208 | 418 — — 48 | 212°| 164°| & B
0 8l4 8o gfil11| — | — | — |24 |20 4/12] 3-70| 367 — _— 60 140 Bl = —
0 5)4 140 6| 714 15 [320|380| 32 (30 15|16| 3-0%3| 3-85 — _— —- 212 —- 5| 12
0 4/ 4 50 6|80 | 7|[320|410] — 17" 4|10] 862 2-60 — — - - — = —
010011 511 2895 11 |340|400) 32 12 4 2| 1-02| 2:27 |Very well done| Well done B0 | 212 | 162 | 10 | 11
I 8110 13/1 1|895|12 [340(380) 24 (15 & 4| 1-63| 242 Well done  |Very well done | 52 212 L& 10 25
2 4011 M1 a|969| 19 |290)|380| 32 |16 11| 10| 3-75| 282 |Very well done | Well done 52 | 212 | 160 | 10 | 24
1 4/11 51 1|858)24 280|330 32 |21 5 3| 087 201 Do, Fair 52 212 160 101 15
012011 81 6|l0-68] 30 [300(370| 24 [1z o 23 (11-06| 292| Well done |Very well dome| 66 | 212 | 152 | 10 | 20
10 |1 610 13|12 01561 | 10 |320|400| 32 |24 10| 8| 203 133 Do. Fair G4 212 | 166 | 10 | 30
11 |1 410 15{1 1| #85| 15 | 310|380 32 0 o) 11| 3-44 | 30 Dra, Do, 46 212 166 10 ' 26
Anthr,
12 |1 1112 11 7(10-65( 12 (380|380 32 (17 4|27 9-78| 033 Do, Well done 46 212 | 166 10 | 28
Ha. at.
13 12 910 13/1 101507 | 10 | 810 |220| 32 |35 15|27 | 4-97 | 2-64 Do. Fair BL [ 212 | 161 | 10 | 45
14 12 3|0 #H2 2|17-17| 10 |310] 320 24 [19® 0 10| 3-20| 825 | Fairly done Do. 5l 212 161 | 10 | 17
15 |L 5[0 B[1 2| 96812 |380)400| 24 16 o &) 1-95| 280 Well done Well done a0 2)12 162 1] 30
16 (1 810 01 10(13-98] 13 |300|310| 32 20 12{12| 361 362 I, Do, b2 212 LG 1 40
7 (1 1510 4|1 14 |1547| 12 |310]320| 16 |14 6 10| 435 | 364 D, Do. 52 212 I 1 35
18 (1 510 11|11 7(i11-86] 20 |310)210| 16 |22 11| 10| 2-75] 250 Do, Fair ol 212 162 10 | 40
9 )1 11|10 8j1 1314-72| 17 |310 (380 32 [18 o 10| 3:37 | 1-60 [Very well done; - 48 212 | 164 10 | 25
in front, well
Anthr, done
010 810 1(1 1) 955 10 (310410 24 | 7 4] 10| 862 050 Well done - i) 212 162 10 33
: Anthr,
'L 12 BIL 201 5(1055| 10 |820] 410 82 (16 O] 44 [18:33] 067 Do, = 50 | 212 | 162 | 10 | 23
: ki, =t.,
201 211 11 2| 92315 |280 300 24 (14 Si 37 |1595| 2-72| Underdone - G 212 166 10 87
3 [0 13| 9 15/1 61215 15 | 280|320 f“k‘;l":'b'*- 321633 | — Well done — 48 212 | 164 10 | 47
" TS Call,
4 11 12| 9 141 5)11-74 | 10 | 300 410 Coke, 60 1bs.| — | — | — Do — 48 | 212 [ w6 | 10 | 24
vHE GG IR,
1L 2011 40 12| 6-25| 10 | 400 | 400 - —| — | — Do, _ Bl 212 | 162 | 10 | 56
g 1[0 910 10(1 Glil46| — | — ~ | soke2o-8lbs.| 30| 026) — Do. = 2 2 gl s o
TR T -
L1010 61 101352 | — — — —| — | — [Very well done o = == - | = -
WoodHd, st. |
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! Hulf anthracite and half hard ? Hard steam eoal, 14 lbs, ; Welsh steam at starting.

sleam cinders.

dust, 7 1bs, ; cinders, 14 1bs. 8 oz. ;
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No. 18, Tre SusLicnT Stove Company.—Dutch Oven. The fire-place is above the
oven. Airisadmitted through grates all round the fire-place, to perfect the eombustion.
The draught from the fire descends on both sides of the oven, reuniting at the bottom,
and proceeding thence to the chimney. There is no boiler, but there is a coil of pipe
within the fire-place surrounding the fire. The ends of the pipe rise to the cistern above.
(Plate 33.)

No. 19. BrowN & GREEN.—Smoke-consuming Kitchener. The chief speciality is
the means of supplying fresh fuel, which is placed in a small trough or tray in front at
the bottom of the fire-place, and is pushed in underneath the incandescent fuel by means
of a hoe-shaped or flat-faced feeder. Thus the gases distilled from the fresh coal
pass upwards through the live coal and are, to a great extent at least, consumed.
This range is adapted for cooking in front of the fire as well as i the oven. (Plate 34.)

No. 20. Brow~N & GRrEEN.—The ¢ Gem’ Portable Cooking-Stove. The fire-place
and the single oven are side by side. The flue passes over the oven direct to the
chimney. The sides, back, and bottom of the stove are cased in an air-jacket. The
side of the oven next to the fire is protected by a cast-iron plate, which is kneed so as
to pass into the lower air-jacket, under the bottom of the oven. By conduction, the
plate assists in heating the oven. For the larger sizes, the flue is carried entirely round
the oven. (Plate 35.)

No. 21. BrowN & GREEN.—The ¢Times’ Portable Cooking-Stove, to burn
anthracite. The front of the fire is made in three parts; to slide in and out: the
lowest part being upright bars, the middle part a plain plate, and the upper part the
feeding door.  The grate af the bottom is sloped, being higher at the back than at the
front.  The area for air passage is thus augmented as compared with a horizontal grate,
and the fuel is thrown forward to the front as it is consumed. The middle plate becomes
very hot, and iz available, in conjunction with the lower bars, for roasting in front.
(Plate 35.)

No. 22. J. Court.—All the air for feeding the fire comes from the roof of the
range, entering a long narrow opening there, passing down.a pipe at the back to the ash-
pit, whence it passes, warmed, up through the fire. The front of the range is thus
ventilated, drawing off the fumes and vapours which rise to the upper part. The oven
i+ supplied with heated air for ventilation. The air for this purpose is taken into the
narrow space between the fire-place and the oven, passing up one side of a partition, and
down the other side, and into the oven at the lower part, whence it passes off at the
upper corner to the flue. There is a cast-iron boiler at the other side. (Plate 36.)

No. 23, TeE FaLkirg IroN Company.—The °¢Falkirk® Smokeless Close-fire
Kitchener. The range is heated on a modification of Dr. Siemens’ gystem with coke
and gas, The fire-place is backed with a firebrick slab. The bottom grid reaches all
the way from back to front, and consists of a series of very deep gills, between which,
heing hot, the ascending ewrrents of air are heated before entering into combustion.
The gas jets are placed in a row, in front, at the level of the grate, and they are directed
inwards, at an angle of 45° into the body of the coke. (Plate 36.)

No. 24. Tee Favkigg ITroN Company.—The ¢ Auxiliary * Cooking-Stove, heated on
Dr. Siemens’ system, as in No. 23.

No. 25, Tue FaLgirg ITron Company,—The ¢Falkirk® Smokeless Close-fire
Kitchener, as in No. 23.

No. 26. TuE Rapiator RaxGeE CoMmPany.—The same as in No. 15.

No. 27 T. J ConsTANTINE.—The same as in No. 5.
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No. 28, I. & J. McMiLLaN.,—Ordinary Range. The speciality is a means of under-feed-
ing by means of a square box, having a movable floor, and pivoted at the lower part,
on which it is swung outwards to be filled with coal. When filled, it is replaced under
the fire-place, and the fresh fuel is pushed up under the live coal ; the combustible gases
passing through it to be consumed. (Plate 36.)

OBSERVATIONS ON THE RESULTS OF THE TESTS.

The conditions of the Kitcheners varied considerably, with regard to dimensions,
as well as to capacity, Those which were most economical in fuel were amongst the
largest. In respect of smoke-prevention, A. C. Engert’s Kitchener, in test No. 10, made
the lowest smoke-shade with bituminous (hard steam) coal. Next comes Brown &
Green's Kitchener, No. 19. In No. 10, the coal was gradually distilled, and fed from
the back ; in No. 19 it was under-fed ; and the minimum of smoke in these instances
is readily accounted for, on the prineiples already explained in the Report on Open
Grates and Close Stoves. T.J. Constantine’s Kitchener, Nos. 5 and 27, the Wilson
Engineering Company’s, No. 17, and the ¢ Radiator * Range, No, 26, used the smallest
quantities of fuel, in virtue of their superior utilisation of heat. The excellent per-
formance of the Falkirk Iron Company’s Kitcheners, burning coke with gas, is due, no
doubt, to the employment of gills of great depth as fire-bars, and the preliminary heat-
ing of the air and the gas brought into combustion, on Dr. Siemens’ principles,

J. & J. McMiLLax's Kitchener was tested chiefly for smoke-prevention. The smoke-
shade averaged 2:20 ; the temperature was taken at a distance of 6 inches from the
front of the fire, and it averaged 217° F.

D. K. CLARK.
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I1I.  REPORT ON TESTS OF GAS HEATING-STOVES AND GAS
FIRES, 1882,

THIRTY-ONE tests were made of gas heating-stoves, gas fires, and gas water-heaters.
The gas was supplied by the Gas-Light and Coke Company. The results of the tests are
given in the Table annexed, in chronological order,

The gas heating-apparatus that was tested may be elassed as follows :

1. CLosE GaAs STOVES, traversed by currents of air which are heated by conduction,
the gas burning in separate chambers.

2. OPEN (iAs STOVES, or CoMmpINATION FirES, in which gas is burned in mixture
with asbestos, coke, or anthracite,

3. Gas Baskers, or Gas Fires, in which gas is burned alone, the heat being
delivered by direct radiation, or by reflection.

The results of the tests are given in Table XXIL.

1. CLOSE GAS STOVES,

No. 1. J. C. Starg & Co.—Cox’s Ventilating Gas Stove. It consists of a vertieal
eylinder covered with a non-conducting substance, heated by luminous jets of gas,
burning at the lower part, the fumes ascending into the interior, and escaping at the
back of the lower part. Fresh air from without is introduced at the lower part,
separated from the gaseous fumes, and ascends and is heated in vertical tubes, from
which it is collected in a perforated chamber at the top, whence it is discharged into the
room. (Plate 38.)

No. 2. THE SanNITARY AND EcoNoMIC SUPPLY AssoCIATION.—Dr. Bond’s ¢ Euthermie’
Ventilating Gas Stove ( Pattern B). It consists of four concentric vertical eylinders, forming
a central eylindrical chamber, and three annular spaces.  Air from the room is admitted
into the central chamber and the second annular chamber at the lower end, and ascends
to the top, whence it escapes heated into the room. A ring-burner of atmospheric %ras,
on a swinging bracket, is placed at the lower end of the first annular chamber, the hot
gaseous products ascending to the top, then descending by the outer annular chamber
to the lower part, whence they pass off by flue. The air passing through the stove
becomes heated by conduction through the intervening cylinders. The outermost
cylinder, or the casing, is eorrugated in order to augment the external surface for radia-
tion and conduction. (Plate 38.)

No. 3. SANITARY AND EcoNoMmIC SUPPLY AsSOCIATION.—Dr. Bond’s Gas Stove
(Pattern A). Within an upright corrugated metal eylinder an inverted cone is fixed,
into which fresh air is admitted at the lower and smaller end. The air ascends to the
top and is thence discharged into the room. Heat is supplied from an annular burner of
atmospherie gas at the lower end, surrounding the inverted cone. The hot products rise
and fill the casing, surrounding the cone. They descend fromn the top through a number
of tubes outside the casing, from the lower end of which they pass away into a flue.
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The air in ascending within the inverted cone becomes heated, whilst heat is ulso given
off from the casing by radiation and conduction. (Plate 37.)

No. 4. Wu. Harvie & Co.—Dr. Adams’ Gas Stove. An upright eylindrical stove, con-
sisting of four concentric eylinders, forming a central chamber and three annular chambers,
(Gas is burned at the lower end, the gaseous products passing up amongst a number of small
hollow cylinders of brick, and heating them to redness. The products of combustion
ascend spirally throngh the second annular chamber, escaping at the upper part into the
flue. Fresh air is admitted in two separate currents; one entering the outermost annular
chamber at the bottom and ascending to the top, whence it is discharged ; the other
entering the outlet chamber at the top, descending to the lower end, turning into and
ascending through the first annular chamber, and also escaping at the upper end. In
this manner, the ascending current of hot gases heats the two annular columns of air
between which it passes. (Plate 38.)

No. 5. G. J. Cox.—Cox’s * Regenerator’ Air-warming and Ventilating Gas Stove. An
upright eylindrical stove, comprising three concentric cylinders. At the base of the first
eylinder a ring Bunsen-burner is in action, the hot gases from which ascend into a
chamber at the upper part, whence they descend through the outer amnular space,
escaping near the bottom. The ascent of the gases is partially arrested and compelled
to take a zigzag course by horizontal partitions in the central chamber. Fresh air is
admitted into the inner annular space, in which it becomes heated, as it ascends, being
exposed to heat from the eentral chamber and from the outer annular space.

No. 12. StropE & Co.—Schonheyder’s ¢ Sanitary * Stove, for lighting, heating, and
ventilating. An upright eylinder, upon the outside of which there are two argand
gas-burners. The gaseous produets are taken inside the column, and pass down through
two pipes inside the casing, whence they pass up through two other pipes, from the
upper end of which they pass to the chimney. Fresh air enters at the bottom from the
outgide, and passes upwards around the four pipes containing the products of combustion,
It is discharged into the room at the upper part. Vitiated air is carried off in winter
through an opening near the floor; in summer, from the upper part of the room, hy
an adjustment of valves. For summer nse, the products pass direct to the chimmey
without traversing the vertical pipes. Those pipes containing the hottest products are
made double in order to prevent the scorching of the incoming fresh air. Means are
provided for moistening the air. A flat or pilaster form of the stove has recently been
introduced for use in sitting-rooms. It can be employed in combination with the ordinary
fire-place. (Plate 39.)

No. 16. G. HaLLer & Co.—Kohlhofer's Hot-Air Gas Stove.—Two rectangular
chambers, upper and lower, are connected by five upright pipes. Within a central pipe
depending from the upper chamber a circular atmospheric gas-burner is in action. The
hot gases rise into the upper chamber, descend through two of the upright pipes into the
lower chamber, ascend through the two other pipes to the upper chamber, descend through
the fifth pipe into the lower chamber, and pass thence into the flue-pipe. (Plate 40.)

No. 27. Rircaie & Co.—*Lux Calor’ Ventilating Stove. One or two hollow
columns or tubes, on a hollow base, and supporting a hollow chamber at the top. One
or two jets of gas burn near the upper part, from which the gaseous products are con-
ducted into the upper chamber, whenece they pass down inside the columns. The pro-
ducts are cooled, and partially condensed, collecting at the bottom, where the remaining
gas is passed off behind into the room, as, in the opinion of the exhibitors, there is ¢ no
flue required.” (Plate 41.)

No. 28. J. F. Farwic & Co.—George’s Gas ¢ Calorigen.” An upright eylindrieal
case, in which a ring-burner, of 12 Bray’s No. 0 burners, is in action at the base.
The hot gases rise and escape at the upper part into the flue. Air ‘o supply the burner
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TESTS OF GAS HEATING-APPARATUS.

TapLE XXI.—RESULTS OF TESTS OF

Mo, Mo of

of testing | Date of test Name of exhibitor Exhibitor's titles, and descriptions
tust roomi
Ho. 1842 '

1 2 Feb.16 | 7. C. Stark & Co. {Fﬂ;uhﬁf:;ﬁatmg Gas Stove ; npright eylinder ; luminous ]Ltb}

2 4 o 15 Sanitary Association Dr. Bond's * Fufhermu. ‘-"entlluung Lua.-s SL:::'.E {l’aitem R]

3 4 w LB Dhis. Do, Da. ( Patiern A)

1 2 v 16 | Wm. Harvie & Co. Dir. Adams’ Gas Stove .

i R w LB || G.J. Cox . Cox's * Regeneramr Air- wurmmg and "-"ﬁntllatmg Gas Stove .

(i 2 e I Charles Wilson The * New Carlton ' (2as Heating-Stove : :

T 2 . L Dros. The * Carlton® Gas Fire . - : . : .

b i w 1T | Waddell & Main Dir. Biemens' Gas-and-Coke Fire ; - : ; : .

H a3 e o, Hislop's * Metallic Gas Fire® .

10 2 » 18 | J Wright & Co. Gas-and-Ashestos Btove ) 2 . . ; 5

11 2 R Pugh Brothers . Gas-and-Asbestos Fire : - 5 . . ¢ “
12 3 » 20 | Btrode & Co. Schimheyder's * SBanitary ' Stove . .
13 b w28 | G. Wright & Co. Dr. Siemens’ Gas-and-Coke Fire, with Wright's Bivalve .
14 b w20 Do, (ias-and-Anthracite Fire, with Wright's Bivalve : : :
15 5 Sk L Do, Gas-and-Asbestos Fire, with Wright's Bivalve . : .
16 b a2 Haller & Co Eohlhofer’'s Hot-air (ias Stoves : . . .
17 i Fr e Billing & Co. . ¢ Bundial ' Gas Btove, No. 65§ . . : . o
18 4 oo H. and (. Davis & fu * Carlyle " Gas Stove, No. 02 (gas and mka} - 9 :
19 4 e th] Do, Gas-and-Asbestos Stove, No, 02. : | . . .
20 2 » 23 | W Bugg & Co. Gas-and-CokeBtove . . . . . .« + & s
21 & ey #. Leoni & Co. Gas-and-Asbestos Stove | . . . .
22 3 ! Do, ‘ Perfect ® Incandescent Radiatur GEE-I' Ih’: A .
23 3 RO Do, Gas-and-Anthracite Stove . . . 4
24 3 el Do, Gas Fire, on front
25 4 s 24 | G. W. Wigner . Gas-and-Porous-Clay Fire .
26 4 March 2 Do, . Do (2nd tr].«!}
27 2 Feb. 28 | Ritchie & Co. . ‘ Lux Calor ' Ventilating Stove . . : e
28 4 » 28 | J. F. Farwig & Co. . George's Gas * Calorigen” | . . - -

Gas WATER-HEATERS.

29 . Feh. 1# . J. Cox . ; : Instantaneous Water-Heater . 5 4 . .
a0 — T 8. Leoni & Co. . " Do, : oo d&l : : B 1 ]:- .

: e - + s J Wigner an arland’s hot-water 3ppara us: sma aumer,}
31 w 25 | G.W. Wigner . L given guantity of water 214 gallons . . . . .
99 95 D J Wigner and Harland's hot-water apparatus: large burner,
: 2 Tt 0 1 given gquantity of water 21} zallons : . -
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GAS HEATING-APPARATUS, 1882.
FUEL CoONSUMED TEMPERATURE
Tempera
ture of
A Ti Lit: At walls, 6 feet high Difference due to ey
ot | i e radiation, Sface trom | sl o
tast tr a consumed | Bxternal ' iver
Descri Weight Ash | Pe t. L i &
pldon g el BYCTES | At com- Total Average ":T;i,:;{.
mencement] average | last hour Total Average
average | last hour
No. | b m Iy, oz | I oz | Percent. | cub, ft. deg. F. deg, F. dog. F. deg. F. deg. F. deg. F. | deg. B,
1|14 0 — - wea —_ &7 a6° 50° 55-45%| &5T-67° o66° 2-33% | 200°
21420 — _— e -— 418 36 52-25 5460 560 0-40 — 180
3|14 0 —_— — - — 41 37 15 48-97 5092 [T 1-0 132-50
414 0 —_— _— —_ — 61 37 4425 45-22 51-92 1-55 2-0 30750
514 0 . - i i 44 37 16 5095 | 5175 | 20 20 | 185
64 0 — — — — 98 18 19 6425 | 6642 | 480 | 666 | —
714 0 i =l = 11 18 i — e = == =
{1 q - s ¥ . = —
3[4 0 {| Snthracite| 6 sy|t 2| sa | 253 | 48 | 850 | sees | o775 [ 1140 | 1707
914 0 — — —_ -— 120 48 4925 360 5559 GR0 &0 —_
0|4 0 Ashestos - — — 95 48 51'Th 5710 5791 380 &0 e
114 0 Ashestos — - — 133 39 4425 43-17 5050 766 10-0 —
124 0 —_ —— — — 114 39 41 5241 5625 G0 667 15075
Wood 0 8 o - : i
135 0 { Coka i I2} = = 29 45 48 52-82 G583 14-18 19-33
14 | 5 0 | Anthracite|17 14 2 65124 365 29 46-25 5123 5233 16-37 10-33 =
15 (4 3 |Asbestos — - - 220 5l 49-60 | 51-53 | 520 778 | 110 -
164 0 — — st - 385 50 4850 5247 5442 211 20 e
1714 0 e — — —_— 465 48 4575 52:14 5383 30 4-33 =
12l4 0 Coke 1 3 — — &0 48 75 5d4-52 5802 502 767 —
194 0 Asbestos _— e — 83 45 49-25 5389 6525 4-89 G633 -
2014 0 Coke 4 1 0o 4 G615 73 45 49-0 5242 o325 767 840 —
21 |4 0 Ashestos —_ — = 145 45 49-25 5350 65:33 110 12-67 —
2214 0 |[Coke 4 e — 80 45 4725 | 51-89 | 6441 | 1044 | 1234 =
23 | 4 0O Anthracite 0 2| 147 ' 504 50-25 G444 G6Th 1044 14+0 =
2414 0 = = = —_ 71 51 62-25 | 5647 | 5875 g0 11-34 -
25 (4 0 -{ Evan dlay } $4 0| —| — | 70 45 | 48 5128 | 5275 | 484 | 60 =
26 |4 0 " 6 6 — — 108 47 G025 5272 54533 444 56T _—
27 |4 0 i — = —_ 3 46 51 5567 | 5709 384 367 =
28|14 0O == — T0-5 46 50-75 L1l iy 067 167 | 300
Initial Rateof
LEE L Final tem-| Rise of |dclivery of
tuire of perature as]| tempera- | water per
. water. delivered ture. hour.
40 | 0 15 o o == —_ 13 418 - 110 G2 5 .
81 |2 10 = — —_— —_ 20 16 - 71 25 —
33 | 1 32 - = — - 30 43 —_— 8D 46 -
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is brought into the stove by a pipe from the outside. A separate supply of fresh air is
introduced from the outside, in a pipe which is carried into the casing, where it is
formed with two coils, and terminates in an opening at the top, through which the
heated air passes into the room, (Plate 41.)

2. OPEN GAS STOVES, OR COMBINATION FIRES.

No. 8, WappeLL & Maw.—Dr. Siemens’ Gas-and-Coke Fire. The back of the
fire-place is covered by a wall-plate of copper, reaching half above the floor-plate of the
fire and half below., The floor-plate, or ¢ dead-plate,’ is riveted to the wall-plate, and
stops short about an inch from the front bars. Into this interval a }-inch gas-pipe is
laid, drilled with ---inch holes, 1} inches apart at the upper side, inclining inwards at
an angle of 50° with the vertical. A supply of heated air for combustion is provided by
the insertion of a kneed iron plate, under the dead-plate and mnear the wall-plate, so
as to form a kneed channel, 1 inch wide, throngh which the air aseends at the back, and
then passes horizontally to the front, where it meets the jets of gas, The air is heated
on its way throngh the passage thus provided for it, and the heating surface is angmented
by the insertion of a corrugated sheet of copper in the vertical part of the passage, sub-
dividing it into channels ; so much so that the air, it is said, can be raised to upwards
of 600° F. of temperature. The flame and hot products play upon and are dispersed in
the body of coke laid upon the dead-plate ; the coke is thus ignited and becomes incan-
descent. After it becomes thoroughly ignited the gas may be turned off. (Plate 42.)

No. 9. WappeLL & Main.—Hislop’s ¢ Metallic ’ Gas Fire. A fireclay hollow backing,
in which iron is mixed to give durability, is placed on a solid floor-plate, and is covered
with asbestos in pieces, (Gas is admitted within the backing, and is discharged through
numerous small orifices into the body of ashestos, where 1t burns, the asbestos being
raised to incandescence. (Plate 42.)

No. 10. J. WrigaT & Co.—Gas-and-Asbestos Stove. A body of asbestos is heated
by means of a row of atmospheric gas jets,

No. 11. PuGH BroTHERS.—Gas-and-Ashestos Fire, heated by atmospherie gas jets.

No. 13. G. WriGHT & Co.—Dr. Siemens’ Gas-and-Coke Fire, with Wright’s bivalve
grate.

No. 14. G. WriGHT & Co.—Gas-and-Anthracite Fire, on Dr. Siemens’ system, with
Wright's bivalve grate.

No. 15. G. WrigHT & Co.—Gas-and-Asbestos Fire, with Wright’s bivalve grate.

No. 18. H. & C. Davis & Co.—The *Carlyle’ Gas-and-Coke Stove, No. 02, on Dr.
Siemens’ system.

No. 19. H. & C. Davis & Co.—The ¢Carlyle’ Gas-and-Asbestos Stove, No. 02.
Luminous jets of gas.

No. 20. W. Svce & Co.—Gas-and-Coke Stove.

No. 21. 8. Leont & Co.—Gas-and-Ashestos Stove, adapted to an ordinary grate, A
fireclay back is inserted, also a fireclay front tile, behind the bars, a little clear of
them. The space between the two tiles is filled with asbestos, which is heated by
atmospheric flames introduced from below. A sheet of atmospheric gas is burned
against the face of the front file, which is trimmed with asbestos, and becomes highly
heated and radiates heat into the room. (Plate 43.)
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No. 22. 8. Leon1 & Co.—Gas-and-Coke Fire,on the same system as No. 21, except
that coke is supplied instead of asbestos.

No. 23. 8. Leont & Co.—Gas-and-Anthracite Fire, on the same system as No. 21,
except that anthracite is supplied instead of asbestos.

No. 25. G. W. WiGNER.—Gas-and-Porous-Clay Fire, adapted to an ordinary grate.
The eclay is rendered porous by having been kneaded with charcoal and then baked, when
the charcoal is burned out. A backing of this clay is placed in the grate, and the same
material in lumps is filled into the grate.

No. 26. G. W. WiGKER.—Gas-and-Porous-Clay Fire, as in No. 25, having larger
burners.

3. @AS BASKETS, OR GAS FIRES.

No. 6. CaarLEs WiLso¥.—The New ¢ Carlton * Gas Heating-Stove, A square upright
structure of glazed terra-cotta, having an open front. A finely perforated metal plate is
inlaid, inclined backwards, to which platinum wire is attached, and which is backed up
with a firebrick. An atmospheric gas-burner, placed along the lower edge, heats the
plate with its backing ; and the heat is radiated into the room, (Plate 43.

No. 7. CuarRLES WiLsoN.—The ¢ Carlton* Gas Fire. A perforated iron plate on a
backing of firebrick, heated by an atmospheric burner at the lower edge. The apparatus
is hung on the front of any grate, and heats the room by radiation. (Plate 43.)

No. 17. BiLuing & Co.—The ¢ Sun-dial® Gas Heating-Stove, No. 654. A square
upright structure, open in front, having a row of luminous jets of gas at the front, along
the upper part, the radiated heat of which is reflected from the roof upon a pelished
metal plate inlaid in an inclined position at the back; from which the heat, together
with that which is radiated direct from the gas upon the plate, is reflected into the
rooIm.

No. 24. 5. Leoxt & Co.—*¢ Perfect.” Incandescent Radiator Gas Fire. A fire-tile in
an iron frame, hung on the front bars of a grate, trimmed with ashestos on the face,
and heated by atmospheric gas from the lower edge. (Plate 43.)

4. GAS WATER-HEATERS.

No. 29. G, J. Cox.—Instantaneous Water-Heater. A modification of the coil class
of heaters. Two coils of tube, right hand and left hand, one within the other, are placed
in an upright eylinder, and a third coil surrounds the cylinder. The coils are sur-
mounted by two shallow cisterns or hollow dises, into which the ecold water is delivered,
and from which it passes down to and through the coils, from the lower ends of which
the water is drawn off by a single outlet. The water is heated by the products of com-
bustion of gas, which ascend the inside of the eylinder, and are conducted downwards on
the outside of it in an annular space enclosed by an outer eylinder, after which they pass
upwards into the room. The whole is surrounded by a non-conducting casing. The
supply of water is regulated by a tap, from an automatie cistern.

No. 30. S. Leoxr.—Instantaneous Water-Heater, An upright eylinder, in which the
water is heated by four atmospherie gas-burner tubes, at the base, the hot gases rising
through the cylinder and escaping at the top. A narrow annular space is formed by an
mner cylinder, into the lower part of which the water to be heated is delivered. The

p2
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water overflows at the upper end, and drops on a series of diaphragms, from one to
another—towards the centre and the cirecumference alternately. The heated water is
collected at the base, and then run off. (Plate 44.)

No. 31. G. W, WiGNer.—Wigner & Harland’s Water-Heater ; small burner. The
rising pipe is encased in a cylinder of non-conducting material. An atmﬁsphenc burner

is in action at the lower end, and the hot gases ascending within the casing heat
the water as it rises in the pipe.

No. 32. G. W. WiGNER,—Wigner & Harland’s Hot-Water Apparatus ; large burner.
The same as No. 31.

DEDUCTION.

Taking the average result of the twenty-one tests of gas heating-apparatus for rooms,
in whmh gas alone was eonsumed :—

Average temperature in the room at the commencement. . 47-00° Fahr,

.e‘ln.t'emgﬁ rize of temperature during the test . p . . 4107 Fahr.

Average duration of the tests . . . ’ ’ . 300 hours

Average quantity of gas consumed . . . ; « B24 cubic feet
Do. do. per hour . - . 21'13 cubic feet

Rize ofiempemture per cubic foot of gas consumed per hour . (0°20 Fahr.
Do. per 10 cubic feet of gas . : . . 2° Fahr,

Taking the cost for gas at 3s, 6d. per 1,000 cubie feet, the cost per 10 cubie feet
per hour would amount te 0:42d., capable of raising the average temperature 2° Fahr.

To ecompare the cost of tha,tlng by gas with the cost of heating by coal, the average
rise of temperature per pound of Wallsend eoal consumed per hour was fﬂund to be 4°14 ;
say 2° per half-pound of coal per hour. Allowing 20s. per ton as the cost of coal, the
cost of half a pound would be 0-107d., against 0-42d. the cost for gas doing equal duties.

D. K. CLARK,

o
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REPORT ON TESTS OF GAS COOKING-STOVES, 1882,

THIRTEEN gas cooking-stoves were tested for roasting joints from the sirloin, and for
baking puft pastry, under the supervision of Mrs. Charles Clarke, Lady Superintendent
of the National Training School for Cookery, South Kensington, who kindly volunteered
to assist at the tests. The gas was supplied by the Gas-Light and Coke Company.

The gas cooking-stoves were of four types:—Ist, having jets of luminous gas
placed inside at the bottom ;—2nd, luminous gas jets inside at the top, from which the
heat was communicated by radiation and by reflection ;—3rd, either luminousz or atmo-
spheric jets outside the oven ;—4th, atmospheric jets inside at the bottom.

The annexed Table contains the results of tests of thirteen gas cooking-stoves
in the order in which they were tested.

No. 1. CHARLES WiLsoN (type 4). A row of atmospheric jets at each side. It boils
by means of atmospheric jets at the top. It is jacketed by an enclosed air-space 1 inch
wide ; the door is packed with slag-wool. (Plate 45.)

No. 2. J. C. Starg & Co. (type 3). Six Bray’s jets in two rows, framed to swing
outwards or under the oven as required. Atmospherie gasis used for boiling, &e. The
stove is encased with slag-wool 2 inches in thickness. (Plate 45.)

No. 3. Browne & Co. (Beverley & Wilde) (type 4). Three rows of atmospheric
jets inside, at the sides, and the back, with atmospheric jets at the top for boiling, &e.
Lined with 1-inch tiles, and enclosed with a 2-inch layer of slag-wool.

No. 4. WappeLL & Maiv (type 1) (¢ Universal Domestic "), Four rows of jets, one
at each side, and front and back., Lined with fire-tile. (Plate 46.)

No. 5. G. J. Cox (type 4). ¢Regenerator’ Gas Stove. One side of the oven is
eoated with slag-wool ; the other side is formed with an air-space in which the air for
supplying the burners is previously heated. Three rows of atmospherie jets are placed
at the sides and back, inside. Luminous jets at the top for boiling, &e. Cased in slag-
wool 2 inches in thickness. (Plate 47.)

No. 6. B. GiLEs (type 3). Four luminous Bray’s burners at one side only, next a
narrow boiler which forms one side of the stove, and has a capacity of five gallons. The
burners can be swung outside when required. The other side and the back are cased
by an enclosed air-space.

No. 7. Biuivg & Co. (type 2). A reflector stove, having luminous jets at the top,
for which a row of holes is made in a pipe, half of which can be lit at a time. Atmo-
spheric gas is used for boiling, &e. No extra casing.

No. 8. W. Bvee & Co. (type 4). Two rows of atmospheric jets at the bottom,
one on each side. The joint was roasted on a spit in a copper eylinder placed in the
oven, in which the spit was turned by means of clockwork. Atmospheric gas was
used for boiling, &e.

No. 9. H. & C. Davis & Co. (type 4). Two rows of atmospherie jets, one at each
side. Atmospheric gas is used for boiling, &e. Encased with slag-wool 1} inches in
thickness. (Plate 46.)

No. 10. J. DEaN & Sox (type 3). Two atmospheric burners, one to the right at
the bottom, and one to the left at the top; so that the temperatures at the top and
the bottom can be regulated independently. The flame of the lower burner eirculates
through a flue covering the bottom of the oven, the left-hand side, and part of the back.

il
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TapLe XXIIL.—RESULTS OF TESTS

MMEXSIONS 0F ROASTER HEATI®G TP JOINT (SIRLOIN}
THE BTOVE
Mo, . e — - :
Date of it Ty [ Weight afte 1
tn:i.: mf Name of exhibitor ;tgf:_l;" : . s cight after roasting
- Height | Depth | Width heTJ:?:g Tempe- mﬂmg of joint| -
T e < J‘::Et g';g Total | Lass of weight

Mo, 1882 in. in. in. min, [deg. F, | h. m, | lb= oz, | Iba, oz, | Ibs, o | Ibe, oz, | 1ha. ox ]|.I-I:H:c nt.

1 | Feb. # | Charles Wilson 4 27} 15 15 13 250°0 2 O |12 14| & B 1 Sjl011; 2 8 17
2 » J. C. Btark & Co. a 21 19 a0 50 250 (243 (12 3| 21000 & 11 O 1 3| 13}
3 " Erowne & Co, 4 24 14 13 15 250 | 233 |12 8|10014|1 4 |12 2 G 4]
4 o Waddell & Main 1 22 14 134 19 250 |2 44 (1212] 9 0|2 0|11 0112 ] 14
b " G, J, Cox 4 24 LG} 16 25 260 |8 012 1| 5 11(1 1 (1012|1 & | 12}

fi o 10 | B, Giles & Co. 1 12 15 14 25 260 |3 O 12 1110 1% 16 |11 12 15 | 12

12 18 12} L
7 " Billing & Co. 2 { Pastry oven 5 250 [ 2 42§12 2( 9 &2 4 |11 12 (i} 5
93 | 15§ | 114

B T W. Sugg & Co. 1 Copper cylinder 10 250 | 240 (12 8| T12|1 14| 9 10| 2 14 | 23
) o H. & C. Davis& Co.| 4 26 17 15% 17 250 {237 (1212 & 6|1 ¥ |10 1% 1 16 | 15%
(1] = J. Dean & Son 3 B | 14 12 19 250 | 2 45 (1012] 8 7|1 6| 913 15 | 14
11 5 2. Leoni & Co. 14 265 18 17 2% 260 | 2265|1118 7 |2 1|8 6|2 T 21
12 o 14 | W. Bugg & Co. 1 Copper ¢ylinder _ 250 2 012 6| 9 E(1 6 (101111 10 134
13 o J. Wright & Co. 4 | 14 | 14 12 250 |12 3112 8| 8 5|2 0|10 G2 3| 173

The flame of the upper burner circulates between the top of the oven and the hot plate,
from end to end, to and fro. The gas and air for combustion are mixed in a chamber
covering the upper part of the back of the oven. The burners are 12 inches long,
6 inches deep, and 1} inch wide, on the principle of the Davy lamp reversed, so that there
is mno lighting back. They give a sheet of flame 11} inches by # inch wide, and from
4 inches to 6 inches high. (Plate 47.)

No. 11, 8. Leont & Co, (type 4). Three rows of atmospheric jets at the sides and
back. It is encased with slag-wool # inch in thickness. (Plate 48.)

No. 12. W. Svce & Co. (type 1). In this test, the copper eylinder alone (See No. 8),
was employed for the test, not being placed in the oven. Two rows of luminous jets
were burned inside the eylinder, one at each side. The joint was turned on a spit by
clockwork.

No. 13. J. WricaT & Co. (type 4). Two rows of burners, one at each side.
Encased with slag-wool 1} inch thick. (Plate 47.)

An interesting series of tests were made, on the suggestion of Mrs. Clarke, with
a view to ascertain the difference of condition of the joint, if any, relative to the mode of
generating and applying the heat of the gas stoves.

For this purpose four typical stoves were selected, namely, No. 2 (Stark & Co.),
No. 4 (Waddell & Main), No. 7 (Billing & Co.), and No. 11 (3. Leoni & Co.). The four
quarters of one sheep were distributed to them, and were roasted at the same time, on
February 13, 1882. The joints were, when cooked, immediately locked up under the
charge of Mrs. Clarke, and were kept for several days. On February 20, they were
examined independently by Mrs. Clarke and by her chief assistant, who formed the same
opinion of the respective states of the joints. The results were as follows :—

Condition,
No. 14. Type 3. J.C. Stark & Co. (No.2). Leg . - . . . just going off
No.15. ,, 2. Billing & Co. (No. 7). Shoulder ; : . L\d
No.16. ,, 4. 8. Leoni & Co. (No. 11). Shoulder - - . not so bad as the
following joint

No.17. , 1. Waddell & Main (No.4). Leg . . . . very bad.
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OF GAS COOKING-STOVES, 1882,
L Purr PasTRY Guas COXSUMED Quarmry o THE WoRK DOXE Raimg § 1. oF WATER T0 THE
e Boirasa POINT 1% 8-INcH Coreen
E ] Braxpann Pax
{_"&_"’\r ES Temperature Tinml Total
=2 | Ti time | Feat. f
el I in i?;; Roast-| Inter-| p_ o ol Joint Pastry Initial | Boil- | Rise of | Time | Gas
FE | oven ap | & [ val and tempe- | ing | tempe- | ree | con-
zE On it pastry rature | poiot | rature [quiced |sumed
Ho. | min. | min. [deg. F.|deg. F.|h. m_|cab, ft b, ftleab, ft.] cab. ft, [cub ft deg, P. [deg. Fof deg, F. | min. [oub. ft,
1] 1 | 12 | 340° 380° 2 25| 376 |37-66| 0-31| 377 | 465 |Fairly done Maoderate 46% | 212° 166°| 14 | 4-50
: : |
2| — | 42 | 300 | 350 |3 40|16-55 a145 I 480 |Very well done Good 48 212 | 164 A0 | 400
Bl — | 25 [ 300 | 8350 |3 T| 264 BeA6 | 330 (Well done Fair 48 212 | 164 27 | 900
4 | — | 18 {300 | 300 |83 5| 455 8925 448 |Well done Fair 46 212 | 166 27 | 3320
5| — | 20 | 280 | 290 |3 35| 295 22-45 | 25-4 |Underdone Fair 48 | 212 | 16¢ | 27 | 3-80
6| 1 | 27 | 310 | 390 |3 53| 840(61-C O34 926 | 790 |Well done Fair 48 | 212 | 164 | 28 | 400
T|—| 28 | 310 | 400 |2 48] 1-20 3580 | 400 |Well done Fair 48 | 212 | 164 | 21 | 700
B| — | 13 | 320 | 390 |2 50| 6:24 O7-ThH 11040 |Well done Fair 46 212 | 166 27 |Lr00
21 17 | 340 | 400 |3 12| %01 [27-80| (-18| 301 | 340 |Very well done [Very well done | 46 | 212 | 166 | 16 | 400
10| 6 | 27 | 820 | 400 |3 37| 5:08 (4410 1-60| 7-22 | 580 |(Well done Fair 48 212 | 164 29 | 800
11 | 3 10 | 340 | 360 |83 O | 7-09 [46-7T2| 0-97 | 322 | 580 |Well done Fair 4 212 | 166 17T | 400
12— | 10 [ 200 | 360 |2 10 — | — | — — | 630 (Very well done Fair - — - =
13 | — | 10 | 320 | 400 (2 25| 290 (2969 | — 241 | 350 |Well done Fair 52 212 | 160 I 20 | 600

TapLe XXIIT.

Three large gas cooking-ovens were tested for temperature simply, as it was
thought they could not be properly tested by the cooking of one joint only, as follows :—

No. 18. Oven, by H. & C. Davis & Co., was constructed of sheet iron and was heated
by three lines of atmospheric gas inside, at the sides and the back, at the bottom.

No. 19. Oven, by J. SLaTER & Co., was heated in the same manner as No, 18.
Air for ventilation enters at the top, passes down within the hollow walls and doors,
enters at the bottom, passes upwards in mixture with the burned gases, and escapes at
the upper part. (Plate 49.)

No. 20. Oven, by MarT & BrapLEY, was heated by three rows of luminous jets
fixed to the door at the inside near the bottom.

For heating the ovens, the gas was turned on at full power in each instance,
and was regulated from time to time to maintain the temperature at 300° F. for one
The damper was closed during each trial.

hour.

RESULTS OF TESTS OF LARGE GAS COOKING-OVENS, 1882,

Dimensions of oven L ] Coalgas consumed

No,
of Date Name of exhibitor : Heating | Maintaining
e Height, | Width | Depen | Time to | Tesape: 30‘:};1?& a:;“g}:ﬂ:‘é:&:’i :&%

i, in. |ft in. | ft. in. |minutes| dez. P. [ cub.ft.| cub.ft, | cub.fi.
18 | Feb. 20  H. &C. Davis &Co . |56 3 |32 |28 19 S00° ) — — irh
19 i J. Slater & Co 41033 T (26 15 300 27 36 G0
20 ,, Mart & Bradley . |3 0|30 |16 45 00 - — 400

D. K. CLARK.



V. REPORT ON TESTS OF DOWSON'S GAS PRODUCER, FOR PRODUCING
CHEAP GAS, AND OF THE APPLICATIONS OF THE CHEAP GAS,

It is known that highly-heating non-luminous gases can be produced by decomposing
steam in the presence of incandeseent carbon ; and Dr. Siemens was the first to demonstrate,
on a working scale, for regenerative fur nac es, the economical advantages of Lhed,p
gaseous fuel. In Mr. Kidd's apparatus, patented in 1875, the chief novelty consisted of
a coil of pipe within the generator, in w}m.h water was converted into steam, which was
passed through the fire and was then decomposed. The calorific value of the gas produced
in this manner was only one-fifth of that of London gas. Mr. J. Emerson Dowson,
like Dwr. Siemens and Mr. Kidd, passes a mixture of steam and air through a fire; and
in addition he employs special means of generating and superheating the steam, in a
simple and uniform manner,  The steam-producer and superheater consists of a long coil
of tube of such a form that nearly all of it is exposed to the action of gas flame. Water is
forced, under a pressure of from 20 lbs. to 251bs, per square inch, into the coil, in which
it is converted into superheated steam. The gas required for heating the coil is drawn
from the gas-holder. The retort or generator is of iron, lined with ganister. The fuel
rests on a grate, above an inclosed chamber into which a jet of superheated steam is
directed through a small opening, carrying with it, by induction, a current of air into
the furnace, for combustion. The gas produced contains, by volume, approximately,
20 per cent. of hydrogen, 30 per cent. of carbonie oxide, 3 per cent. of carbonie aeid,
and 47 per cent. of nitrogen.

The Dowson Gas-Generator or Producer, A size (Plate 65), exhibited by the Dowson
Eeconomic Gas Company, was tested for the manufacture of cheap gas, at the Manchester
Smoke Abatement Exhibition, May 2, 1882. The anthracite, from Trimsaran, was supplied
to the furnace, at the rate of 6 Ibs. at a time, until 694 1bs. in all was charged. The trial
lasted 3 hours 5 minutes, and at the end of the trial 18L lbs. of coal were withdrawn
from the furnace, showing a net consumption of 51 lbs. of coal. The fire was got infto
working order in 30 minutes after lighting, when 30 Ibs. of coal had been charged.
Deducting the 184 lbs. of coal withdrawn at the end of the trial, the balance
(30 —18L=) 11} 1bs. was the guantity actually consumed in getting up t.he fire. The
remainder of the total coal consumed, (51 —111=) 391 lbs., was consumed, in actually
generating gas, in 2 hours 33 minutes : being at the rate of 15} Ibs. per hour

The quantity of water consumed during the period of test, 3:05 hours, was 2:375
gallons, or 2375 1bs., being at the rate of 7-80 lbs. per hour, dﬂ{l 0°466 1b. per pound
of coal consumed.

The gas was generated at the rate of 11775 cubic feet, delivered net, per hour,
being exelusive of the gas consumed in generating steam. This portion of gas is
estimated at the rate of 100 cubic feet per hour, and makes a gross total of 1,2771
cubic feet of gas generated per hour. As the coal was consumed in generating gas at
the rate of 154 1bs. per hour, the following are the quantities of coal per 1,000 cubic feet :

155 = % =12:13 lbe. per 1,000 cubic feet of gas, gross.
155 = 1.000 = 1317 Ibs. per 1,000 cubic feet of gas, net.

lrlfl ]




DOWSON'S GAS-PRODUCER. 113
The cost of production of cheap gas may be taken, for A generator, as follows : —

Anthracite to make gas, at the rate of 1,000 cubic feet per hour, 12-15 1b,

x 9 working hours per day = 109 lhs. or, say, 1 cwt. at 16s. per ton 0 94
Wages ; : ; - . : : : ! ; ; . 1 0
Maintenance, 5 per cent. on 125/, per working day . : ; PN e I L
Interest on capital, & per cent, : : . i g 0 &

Total . : : ; : : : : . . . 2 73
(Gas produced in one day of 9 hours . : : ! . 9,000 cubie feat
Less gas used in the apparatus, say . G f E . 1,000 i

Net gas, for %s. 73d. . . . 8000

Net cost, say, 4d. 'p.m' l,dun cubic feet,

The Dowson Cheap Gas was tested for the production of motive power, and for heating
and other purposes, as follows :—

I. WorkiNG AN Otr0 GaAS ENGINE OF 3} HORSE-POWER AT THE SMOKE ABATEMENT
ExaiirioN, SourH KENSINGTON,

The system of construction of the Otto gas engine is deseribed in the report of the
test of the engine with coal gas, It suffices to say now that the engine is single-
acting, and makes an explosion of gas every alternate outward stroke. The cylinder of
the 3% horse-power engine is 611 inches in diameter, with a stroke of 12 inches.

The engine made 156 revolutions per minute during the test. The fly-wheel was
601 inches in diameter, and it sustained a net load of 43 lbs. on a belt passed round
the circumference, proving that 326 horse-power was exerted at the brake,

Several indicator diagrams were, at the same time, taken from the eylinder; from
which it was calculated that an effective mean pressure of 5313 lbs. per square inch
was exerted on the piston, for each explosion ; making 4-41 indicator horse-power.

The horse-power at the brake was 74 per eent. of the indicator horse-power. The
consumption of cheap gas was at the following rates :—

110-34 cubie feet per indicator horse-power,
149-30 ,, brake o

The anthracite was consumed at the following rates :—

11034
1,000

1517 1. = -TI'——E—M%P =17 lbs. per bralke horse-power.

¥

The cost. for cheap gas for motive power in the test, caleulated at the rate of 4d. per
1,000 cubic feet, was *44d. per indicator horse-power per hour, against 0-95d. for coal gas
as deduced from the test of the Otto Gas Engine exhibited by Crossley Brothers, worked
by coal-gas.

13:17 1bs. = =145 lbs, per indicator horse-power.

II. HeaTiNG oF THE LARGER DivisioNn oF THE Gas Cooking or RoasTING-OVEN OF
J. Srater & Co.-

J. Slater & Co.’s Roasting-Oven has alveady been noticed in the Report on Tests of
Gas Cooking-Stoves (page 111). The objects of the test were: to determine the quantity
of gas and the time necessary to raise the temperature of the oven to 300°; and the
quantity required to maintain this temperature for one hour. The results for coal gas
are given for comparison :—
Q



114 TESTS OF DOWSON'S GAS-PRODUCER.

Conl gra Cheap gns
Initial temperature of the air . ; ; : ; . b&° P, B7° F,
(as consumed in heating up to 300° i 5 - : . 27 cab. ft. 90 cub, ft.

Time oceupied . : 15 min, 15 min.
Gas consumed in mmntammg the t.emperaiur& 300° F. for
one hour . - : : p . 306 cub. ft. 220 cub. ft.
Total gas consumed in 1} hour . ; : y - . 63 cub. ft. 310 cub, ft.
Pressure of gas ; 1-2 inches 1'56 inches
Cost of gas for one hour, at the rate of 3s. per 1 Uﬂ'[} cubie feet :
for coal gas, and 4d, for cheap gas ; : : : . 184 (rB8d.

III. In A Gas SINGEING MACHINE.

Blanche’s Gas Singeing Machine, for cotton, woollen, and silk goods, was exhibited
by Joseph Robinson & Co., Salford, at the Manchester Smoke Abatement Exhibition.
It was frequently in cperation, supplied with Dowson’s Cheap Gas, manufactured in the
building. It is exhibited also at the Industrial Exhibition, Bradford. The principal
novelty of Blanche’s machine consists in the use of long slit-burners, with large mixing
chambers, into which gas and compressed air are introduced. The proportions of these
are regulated by means of eocks, so that the heating power of the flames can be adapted
to the various kinds of material to be singed. The speed of transit of the web can also
be regulated : varying from 50 to 70 yards per minute. It was not practicable to singe
a piece of cloth long enough for making a trustworthy trial, as only a few hours could
be spared for the purpose.

Data, nevertheless, exist, embracing the results of trials with coal gas; and it was
thought that by proving the relative heating-power of coal gas and Dowson gas in
raising the temperature of water in a trough placed over the slit-burner, a comparative
test could be made of the proportional quantities of the two gases that would be con-
sumed on the same kind of work. The experimental trough was made of tin, six inches
high, six inches wide, and four feet long, open at the top, and having the bottom
slightly eoncave towards the flame. The erown of the coneave bottom was § inch clear
of the burner; the length of the flame under the trough was 3 feet 11 inches. The
air-blast had a pressure of ten inches of water. The inner blue flame, caused by the
air-blast, was about half an inch hlgll.

’lwcr g-ﬂlﬂm of cold water at 57° F. were heated in the trough up to 212° F., the
boiling point, in 13} minutes, with a consumption of 121 cubie feet of Corpor atwu coal
gas, of 0-7 inch pressure.

Three like tests were made with Dowson gas: —

ot [nitial tem-} Time to raise the tem- | Dowson-gas consumaed.
; perature reraturs to 212° F. Freasare 14 incles

dep. F,
1 64 7 min. 0 sec. 49 cubic feet
9 éa: il Sae g g
3 Ee | BtE Yanus B0,

It appears that exactly four times as much of the Dowson Cheap Gas was consumed
as there was of coal gas in doing equal heating duty ; and, taking the respective prices of
the gases at 3s., and at 4d. per 1,000 cubic feet—in the ratio of 9 to 1—it would follow
that, as only four times as much Dowson gas was consumed as of coal gas, the cost for
Dowson gas would be less than half the cost for coal gas. This deduction is confirmed
by the experience of the exhibitors of the singeing machine, who find that the work is
done with the Dowson gas at half the cost for coal gas.

D. E. CLARK.




VI. REPORT ON TESTS OF APPARATUS FOR HEATING ROOMS AND
BUILDINGS BY HOT-AIR, HOT-WATER, AND STEAM
CIRCULATION, 1881-82.

THE testing of Kohlhofer's Hot-Air Stove has already been noticed in the Report for
Open Grates and Stoves (p. 49), and in Table IIL.

WiLLiam WHITE, F.8.A.—The ¢ Shrewsbury * Warming Apparatus, exhibited by Mr.
White, consists of a brick structure enclosing a furnace and air-heating chamber, to
supply heated air for warming churches, schools, and other large buildings. The fur-
nace is constructed of fireclay slabs 2 inches thick at the sides, and 3 inches at the
bottom, and consists of a shallow oblong fire-place, surmounted by a rectangular hopper
at the further end, into which the fuel is charged at the top, from the front. The fire-
grate is 17 inches by 21 inches. The hopper iz placed in a eubical iron box, formed
with gills to absorb and distribute the heat to the air surrounding it and enclosed by the
outer structure of brick. The draught, after having ascended through the fuel in the
hopper, turns over each side at the back, and descends to the lower part, whence it re-
ascends by a central flue into a 6-inch iron flue-pipe placed inside the chimney. Fresh
air from the outside is introduced at the lower part, and surrounds the iron casing of the
furnace; thence it passes into a chamber above the furnace, and into the chimney,
surrounding the flue-pipe. The lower portion of the chimmney is blocked off by a par-
tition plate, through which the flue-pipe passes and conducts the products of combustion ;
and the warmed air escapes through an opening in a side of the chimney measuring
141} inches by 194 inches, equal to 194 square feet in area.

In this apparatus, the fire does not touch the iron heating-plates; the whole of the
combustible gases pass through the incandescent fuel in the retort.

This air-warmer was tested, January 3, 1882, burning coke as fuel. During a trial
lasting twenty-three hours, 144 lbs. of coke was consumed, being at the rate of 61 lbs. per
hour. The fresh air entered at a temperature of 47° F., and issued at temperatures of
from 56° at the commencement to 195°, averaging 1414" during the first six hours; and
at a velocity of from 75 feet per minute to 320 feet per minute, averaging 244 feet per
minute, during the same time. At the end of the period of trial, the temperature of
the issuing current was 85°% and the velocity was 210 feet per minute. The mean of
these observations, (141} +85=226}+2=) 113° F.,, and (244 +210=454+2=) 227
feet per minute, are approximately the average temperature and velocity for the whole
time ; equivalent to (1:94 square feet x 227=) 440 cubie feet per minute, or 26,400
cubie feet per hour, at 113° F.

Tested with anthracite, January 11, 1882, for a period of 22} hours, the furnace
consumed 126 lbs., being at the rate of 5-66 lbs. per hour. Fresh air at 50° was heated
to an average of 197° for the first five hours ; at the end of the trial the air issued at
140° making an approximate mean temperature of 169°. The average velocity was
291 feet per minute for the first six hours, and 220 feet per minute at the end of the
trial, making a mean velocity of 256 feet per minute, equivalent to (256 x 1:94=)
49,664 cubic feet per hour at 169°.

Frangriv, Hocking & Co.—The hot-water apparatus for warming greenhouses, halls,
&ec. (Plate 64), was tested in room No. 5, December 10-12, 1881. It consisted of a small

g2



116 TESTS OF HEATING-APPARATUS.

stove, connected with two circuit-lines of cast-iron pipes, through which the heated water
circulated, leaving the stove at the upper part and returning to it at the lower part,
after having twice made the circuit of the room. The boiler is vertical, of the form of
a truncated cone, made with a shell and a fire-box, inclosing a 1i-inch water-space for
the circulation of water. It is 18§ inches in diameter at the bottom, and 13 inches at
the top. The grate is eircular, 14 inches in diameter. The hoiler stands on an ashbox.
It is fed from a hopper, consisting of a eylinder 15 inches in diameter and 24 inches
deep, placed on the top of the boiler, delivering into an 8-inch tube, depending into
the boiler for two-thirds of the depth, and surrounded by a water jacket. The upper
cylinder is only employed for long periods of heating. The burnt gases escape direct
from the upper part by a flue to the ehimney. The circulating pipes are 3 inches in
diameter inside, and have a total length of 160} feet, presenting on the outside 1364 square
feet of area for warming by conduction and radiation. The coils are 5} inches apart
between their centre-lines, and the centre of the lower coil is 11 inches above the
floor, (Plate 64.)

For the test, 2 1bs. of wood and 114 lbs. of gas-coke were eonsumed in 451 hours,
from December 10 to 12, the consumption of coke being at the rate of 2% Ibs. per hour.
The external temperature was 36° F. ; the initial temperature of the room was 42°;
the maximum temperature attained in the room, at a height of 6 feet from the floor,
was 50°, and the average temperature for the whole period was 49%23. The average
rise of temperature was (49°-42°=) 7°:23, being at the rate of 2°-90 per pound of fuel.

The same system of warming-pipes was heated by gas, which was burned in a eylin-
drical vertical boiler, in which the burnt gases rise through a central cylinder, water-
jacketed, and throngh annular spaces surrounding it, into the upper part, whence they escape
into the flue. The test, which was made December 14, 1881, lasted 6 hours 40 minutes,
with a consumption of 330 cubie feet of gas, being at the rate of about 50 cubic feet per
hour. The initial temperature of the room was 39° F.; the maximum temperature
averaged 57°, and the average temperature during the test was 49°, making an average
rise of 10°. Tocompare these results with those deduced for gas-heating stoves (Table
XXI. p. 104), add, according to the rule already practised, one half to the observed
rise, making 15°, to give the equivalent rise as for one of the smaller testing rooms :—

Hocking Gas-stoves
Ilise of temperature per eubic foot of gas per hour . . . 073D =20
Do, per 10 cubic feet do. el R 00 2°00

W. & S. DEsArpS.—The Portable Coil Stove was tested January 2, 1882, in room
No. 2, burning anthracite. It consists of a cylinder of cast-iron, having a coil of pipe
inside, through which water circulates and from which beat is distributed. The fuel is
burned within the coil, on a cast-iron grid. The furnace is surmounted by a hopper, which
18 filled with a supply of coal sufficient to last 26 hours. The draught ascends from the
bottom, and passes out at the upper part at the back. The test trial lasted 24 hours, during
which 34-4 1bs. of anthracite were consumed, being at the rate of 1:43 1b. per hour. The
external temperature was 50° I, the initial temperature in the room was 48°, the average
temperature for the whole period was 64°:25, showing a rise of temperature averaging
16725, being at the rate of 11°4 per pound of coal consumed per hour. The measore of
radiation was 5° at a height of 5 feet, at a distance of 6 feet from the fire. (Plate 65.)

W. & 8. DEarDs.—The Open Coil Grate is made up of a coil of water-piping—sides,
back, and front—with a cast-iron grid. The two ends of the coil are supposed to be
connected to pipes leading to other rooms, the water being heated and ecirculating
through the piping. This grate was tested in room No. 2, January 4, 1882, for
24 hours. Of anthracite, 572 lbs, were consumed—at the rate of 2:40 lbs. per hour.
The external temperature was 38° ¥.; the initial temperature in the room was 55°; and

e
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the average temperature at the walls was 72° showing an average rise of 17°, being at
the rate of 7°10 per Ib. of coal consumed per hour. (Plate 65.)

A large boiler on the same principle, in brickwork, is shown in Plate 64,

W. Staintox exhibited his Frost-proof Hot-water Apparatus. The stove is cubical, of
wrought iron, 18 inches square and 30 inches high. The fire-place consists of a coil of
pipe I-inch bore and 1§ inch in diameter outside, comprising five rings of pipe, with
a cast-iron grid at the bottom. The stove is lined with firebrick below the coil and
above the coil, and also on the roof. The draught proceeds between the upper coils at
the front, and is split, passing round each side of the stove, outside the coil, to the back,
whence it goes off by the flue. There is an automatic-supply cistern, and a feed-valve,
and a safety-valve. A branch from the heating coil is led to the cistern; it is formed
with a T end, of which the upright part is fitted with two valves, the lower of which is
the vacuum-valve, and the upper is an expansion-valve, which opens when the water
expands, and provides an overflow into the cistern, afterwards re-closing. The boiler is
fitted with a pump for supplying it with water, and for extracting air and dirt. The
heating coil of pipe, of the same size as the piping forming the fire-place, is disposed as
a rectangular pile of piping about 5 feet long, 12 inches wide, and 2 feet high, making
a length of 143 feet of pipe. It was placed in the middle of the floor of No. 5 testing
room, and was connected with the stove, which was placed outside the wall of the room,
so that a continuous circulation of water was maintained. The test lasted 5 hours,
during which period 2 lbs. of firewood and 25} lbs. of coke were consumed, being at
the rate of 5:05 lbs. of coal per hour. The external temperature was 42° F.; the
initial temperature in the room was 45°; the maximum temperature was about 80”; and
the average temperature for the whole period, at a height of 6 feet, was 63°: showing
a rise of 18°, being at the rate of 3%56 per pound of coke. The pressure maintained
in the tubing averaged about 640 lbs. per square inch.

COMPARISON,

Summarising the results of the tests of hot-water apparatus, tht::,r are briefly as
follows :—

TaLe XXIV.— RESULTS OF TESTS OF HOT-WATER HEATING-APPARATUS,

Test | Room Apparatus Fuel | “:::tl ot Rise of “"i‘lﬂrﬁl'ﬂ-‘ per lb.

£ ; 1 : b s ilegrees F.

1 | No. 5| Franklin, Hocking & Co., hot-water 2400 I, actual

pipes : : ; : . | Anthracite . dh} 455 F. equivalent

2 | No, 2| Deards, portable coil-stove . . | Anthracite . 24 11-4 I,

3 | XNo 2 Do, open coil-grate . . | Aunthrecite ] 24 1 .
Zna | [T A ; . - § 356 F, actual

4 | No, 5 | Stainton, hot-water tubing . . | Coke . i | ] | 534 F. equivalent

Here, the rise of temperature for No. 5 room has been aungmented by one-half, as
before explained, to bring it into comparison with the rise for No. 2 room. Evidently,
Messrs, Deards’ performance shows by much the greatest rise of temperature per
pound of fuel, though the test lasted little more than half as long as Mr. Hocking’s.
Mr, Stainton’s test lasted only one-fifth of the time of Messrs. Deards’; and, although
his average rise of temperature was less than Messrs. Deards’, yet, regarding the very
short period of his test, it is reasonable to conclude that, had it been extended to
24 hours, he would have made as great a rise of temperature per pound of fuel as Messrs,
Deards have done.

D. K. CLARE.
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VII. REPORT ON TESTS OF

THE exhibited steam-boiler appliances are directed for the most part specifieally
There are a few which are
directed to the better general treatment of fuel, not only for effecting complete com-

to the prevemtion or consumption of smoke from coal.

TapLE XXV.—RESULTS OF TESTS OF

I. Fized
Coan CoXsUMED
I‘:I?I Mame of exhibitor Date of trial nu-iTui;'“tJ;L';i ﬂ'l}';:;;-"
test Description T o
per honr
1 2 3 3 5 3] 7 8
B. . 1bs. 1hs, 1bs.
1 | Chubb & Co, . n . . 2 Sept, 19, 1881 43 Slack = — —_
2 | B. L. Gonthorpe ; . ; Nov. 9 1 31 ; :
Do, apparatus not nL wr.-rk ; : ; n 9 : : 50 Mixed 64 210 764
3 | G. Hunter & Co. L o 1 Z21 Slack — — —
Do, apparatus not at wurk 4 bl - — Do — —_— -—
4 | Ireland and Lowncds . . 2 e - 3 15 Mixed 431 133 21-3
Do, apparatus not at work . —1 - 2 40 Tha. HEO 207 348
5 | W. Pickering . 5 . : . . ; kg G 10 Black 613 a9 473
G | J. Cornforth , Feb. 11, 1852 8§ 0 Do, G72 134 G4
7 | Duncan Hmt.l.mrs{'ﬁ'-:lmn}, with Emt A Jan: 208 s B s Hard steam T84 149 251
o, without grid - S 5 15 Do, 930 177 00
Do. withgrid. . . . . G o 5 15 Do 678 129 2]-72
o, wiLh{JuI. grid o 25 - b 1o D, 840 160 270
Do, without grid . Feh. L i b Ia. G672 165 208
g | B. W, H. Schmidt . 3 . Nov, 15,1881 | 4 @ Slack G40 160 Tha
g | L. Juillard Tk ¢ 0 T, 560 140 670
10 | Elott . . 0t g T Tl Dec.24 , | 6 15 Do. 1,064 170 810
Ito. ont n[aclmn . 4 ; : ; B — —- — - —-
11 | The Great Britain Smoke Consuming Company e aE 6 2 Slack 1,260 219 1000
Do, out of action . . 1 . : A 6 15 Welzh coal 1,252 197 a-39
Do, in actinm . 2 : : g s & &6 Do, 806 151 720
Do in action . k 2 : 5 Mar. 8,1882 | 6§ O Do. T04 141 671
Do, out of action . ; : : Ea & 0 Do, 672 168 800
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STEAM BOILER APPLIANCES, 1881-1882.

bustion, but also for improving the evaporative efficiency of the fuel.

given in the Table annexed. Exhibits Nos. 1 to 13 and No. 19 in the Table are speci-

Results of tests are

fically directed to the prevention of smoke. Exhibits Nos. 22 to 26 aremechanical stokers.

' TEAM-BOILER APPLIANCES, 1881-82.

L ppliances.
WaATER E¥AIDRATED EMOKE, BY SMOKE-SCALR
Pressure of
: stomm, 1bs. oy :
e e Avirage length :n‘,'_ ifins Deseription of apparatis
Tﬂmpﬁ: Tatal Per hour D?Zﬂlilj M ﬁ""‘:ﬁp“ duration for inch
i density | “"FHF | ome firing | yisivie [N smoke
9 10 11 12 13 14 15 14 17 18 19
deg. F. cals, ft. cnb. ft. b, Na. Na. min. per cent, | per eent., s,
e = _ — (i a6 070 16 084 GOy Caat-iron air-bridge
; 6 | 25 1-00 2 98 L A
54° 62 £3:0 LA 9 G0 Continoons| 100 Y| 60 Cast-iron air-bridge
e = — — [ a0 300 20 S0 1] { Cast-iron bridge and fireclay
— — — — o 53 450 — —_ - arch perforated
43 42:6 131 15 4 240 425 43 &7 45 Cast-iron air-pipes at biidge
43 470 176 505 10 676 950 B 16 25
— o205 147 920 9 4-33 T-50 27 73 23 Hollow fire-bars passing air
to bridee
= 1016 20-33 a4 B 320 |Continuons| — 100 45 Hollow firi <bars passing air to
bridge,
- G2 11-47 478 1 33 -— — — 20
= 5574 10-62 #T3 4 270  |Continuous| 100 0 20 Asbestos grid in flue to inter-
== 5265 | 103 454 1 40 o = == 20 cept and burn smoke
— ah-8 10v8 4-23 2 100 (Continuous| 100 1] 20
- 4:2-1 103 340 2 gl —_— - - 20
i et o A g 340 60 40 G0 48 Jet of steam H.'I.I-D'h‘ﬁ the door
— | 73 | 178 | so00 | 8 | 34 26 16 | 85 4g || Bteam andair above door
— |uro | 182 | 670 | 10 | 222 225 oz | 78 gg | Stenn And wic sk e)dss ol
= = — = 10 | 360 160 === | a5 o furoace
— 1375 29.8 &81 2 2 = £ 42 3 Steam and air through tubes
5T 1623 260 §2) 2 R e i EE 12 I at front of furnace
5B 1326 22-4 022 2 14 050 4 96 43
—_ 101-0 20020 BB4 i 258 |Continuous| 100 1] 40
43 T2-23 150 70 7] 21 d 40 G 41
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TESTS OF STEAM BOILER APPLIANUES.

TapLe XXV, —RESULTS OF TESTS OF STEAM-BOILE

CoAL CoNSUMED
I, =
l:.::t Name of exhibitor Date of trinl nnrlrf;‘niﬁiﬁ! Por
Deserlption Tatal hm; pare
Erale
1 ] 3 4 5 (i] 7 i) g
h, m s, 1bs. JIEN
12 | W. A Martin & Co, Jao. 18, 1882 | & 0O Wixon 2.128 65 11-83
Do, Fo o LD 4 18 |Northumbrlnd| 2016 502 16:73
o, oLl 6. b Do, 2,968 o84 19-50
washed small
Do, % Tl . & 10+ Do rongh 257 495 16G-50
small
Do. (reduced grate) Feb. 1T ,, 4 10 |Morthumbrlnd| 1,792 430 2087
13 | A, €. Engert, horizontal boiler Sept. 30, 1881 | 2 19 | Hard steam 342 147 Be42
and slack
Tho, do. w28 2 50 | Hard steam 429 1 BGR
T, o, . Hov. 1 . 2 &3 Do, 504 17 1004
14 | A. C. Engert, vertical boiler . SelE LI 4 49 Do. 104 216 734
Do, do. o ol " 2 ] a. 101 506G 17-21
15 | J. Collinge (Blocksage). Oct. 19, 4 47 Slack 1,400 203 2860
16 | J. Farrar & Co. . . : - - Nov. 26, 3 48 Do, a7z 256 —
17 | J. Wavish Sept. 9 7 5 17 | Hard steam a18 173 1640}
[o. Oct. 12 - 5 0 Wear fuel H g 153 17-90
18 | Livet's Boiler and Furnace Company ! . . Sept. 22, 6 18 Aberdare B33 134 731
Bhondda
19 | G. Haller and Co., in operation i : Det. 31 . & 5 Welsh 1,960 284 10-54
Do, common grate . : . . i b R 3.-50 D, 1,241 B4 12-15
20 | E. G. Wéry, in operation . - ; . Jan, 158532 5 50 | Hard steam 308 2 1040
Do, not in operation : ; : 5 I B Do, 391 (i#s7 13:04)
Do, in operation i L B T, o5 G4 11:30
[EVAPDTL.
ting d-k3)
Do. not in operation . ., . . | , 1T , 50D Do. 365 73 14-60
[evapora-
ting 4°12)
21 | J. M. Stanley Aprild L Slack 276 824 | 2745
II. Mechaniee
23 | The Patent Steam Boiler Company ; . Oct. 26, 1881 - - = = =
24 | G. Sinclair . ' G : ; - - Dec. 15, 7. B Slack 1,650 232 194
25 | Enowles and Halstead . . E 5 5 .| Now. 18 7, (oI Do. 003 180:6 | 11-78
Spreading fires.
26 | J. Proctor - - . . o L 4 43 Slack 2mz 613 204
Do. hand-firing . ; : A0 B — Tro, — —- —
27 | J. Newton & Son . . 4 . ; : « | Ock. 20, 2 &80 Do, 1,400 404 16-8
Do. hand-firing . a 3 . a TS B Do, 1,568 522 174

I Sew also results of tests of varions Welsh coals an
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PLIANCES, 1881-82—(continued). I. Fized Appliances—(continued).

WATER EVAPORATED BMOKE, EY SMOKE-SCALE
1 T‘rnﬂltrtrr of
Average length | Stean Iba, Deseription of apparatus
Maxi- Avers uf time PHr Sgunre '
. Emﬁ‘ Total | Per hour Erulfi m;‘tfn ‘Eﬂﬁz{;\ :Lu-uﬁ?ﬁr ___: = inch
] density ane liring Vidhte |Ho smake
a2 10 11 12 13 14 15 18 | 17 18 o A1
deg. I, cub, ft. | cub. ft. 1ba. No. No. minutes | per ceut. | per cent.| 1bs, steam
B3 400 G667 11'6% 3 12 1=} [ 947
HI da3 821 1087 4 22 2:20 13 87
80 409 80-5 856 2 075 1-00 3 o7
Atmo- Balanced fire-dour
a3 369 710 890 2 | 090 101 H] | l spheric
B4 anm 7T 11-14 4 1-80 G50 43 57 )
100 4583 20-32 876 4 150 50 45 55 a0 ]
100 1 9154 881 9 il 1-10 12 88 ag | Swivel-shutter, internal
80 G2 2140 762 I3 12 160 12 B3 iy J
59 626 1-30 875 2 101D MNearly 1] 130 a0 "I
continuous Bide firing
59 706| 858 | 43¢ | — | 210 Do. 0 | 100 30 J
— 147 T2 &S5 0 0 0 0 100 Atmosph. Inclined brick furnace
83 105 ag.7 676 0 0 0 il 100 33 Stage-furnace of brick
130 1202 | 227 806 0 0 0 0 100 20 YVertical grates within fur-
122 1158 234 787 1 13 2-25 18 82 i35 } CLACR
60 | 1637 | 263 | 1225 | o 0 0 0 | 100 Gl { T Lo e
47 2873 | 416 915 g2 | 10 250 12 88 40 Short fire-bars § inches long
— 1585 | 414 798 0 0 0 0 | 100 10 Common grate
51 369 33 741 1 30 Continnous| 100 0 20
‘4—3 27-3 463 443 9 i Dro. Loy 0 20
2 0 u 1" 1 g a
77 630 613 10 80 Do 100 1] 20 Atmospherie chimney
- 226 558 387 10 80 Da. 100 1] 20
e L 591 48 10 Hias 1-67 3 924 &t Vertical retort-furnace
ET8.
= — — — 4 20 Continuous, 100 0 5 Knap's mechanical stoker;
g ; coking fire
4004 2000 536 ] 0 i} 1] 104D Gy Coking fire ; flash flue
o i 267 922 10 i 26 16 84 0 Holroyd-Bmith's under-feed
310 424 8925 899 5 26 |Continuous| 100 0 95 Shovel-spreading stoker
— L I L 10 57 o 100 1] a5 Hand-firing
140 [1926 | 6300 | 842 | — | — - =iFhe= | Wtancsph | SETSACOE 026 With hobalz
L
137 1963 G5 767 — — - = = " Ordinary spreading fire
i

racites in this boiler, in the Report on Results of Tests of Fuels,
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FIXED APPLIANCES.

No. 1, Cavee & Co,, consists of a hollow east-iron bridge, applied at the back of the
furnaces of internally-fired boilers, semi-circular in outline, and leaving a semi-annular
flue-way between the bridge and the upper part of the boiler. The bridge is faced
with a thick fire-tile next the fire, and it is formed with three transverse slits about
an inch wide, throngh which streams of heated air are delivered successively into the
currents of gases from the furnace as they pass over the bridge. Intermixture is thus
effected, and the combustion of unconsumed gases is promoted. A separate current of
air is admitted into the front part of the bridge, and is delivered obliquely downwards,
throngh apertures, above the fire. Air is admitted from the ash-pit into the bridge,
and the supplies are regulated by means of two valves. This apparatus was tested while
at work at the East London Waterworks, Old Ford ; at the Candle Works of Messrs. Field,
Lambeth ; and at Mr., McMurray’s Royal Paper Mills, Wandsworth. In each case the
system was effective to a material degree in preventing smoke., The results of obser-
vations on the smoke at the last-named place are recorded in the Table, showing that
smoke was visible for a very limited proportional period—namely, 1:60 per cent. of the
whole time. But the rate of combustion in the boilers at that establishment was moderate,
and the consequent quantity of smoke to be prevented was also moderate. (Plate 50.)

No. 2, E. L. GowTHORPE, ¢ West’s Smoke Consumer,’ comprises a hollow cast-
iron bridge, in the backward face of which a wide horizontal slot is formed close to
the upper part, through which a stream of air, admitted from the ash-pit, is delivered
horizontally, falling in with, and gradually commingling with and consuming, the eom-
bustible gases passed over the bridge. An additional supply of air is delivered from a
long slot in a tube carried across the flue, a little behind the bridge, to which the air is
led through a pipe from the front of the boiler. This system, as employed at and tested
at the works of Messrs. Sylvester & Co., Nottingham, was remarkably effective in prevent-
ing smoke, smoke being apparent for only 2 per cent. of the time, and there not being
any smoke for 98 per cent. of the whole time. The boiler was 6} feet in diameter and
20 feet long, having two flue-tubes 2} feet in diameter. For comparison, the same furnace
was tested in ordinary condition, when the apparatus was put out of work. The results,
given in the Table, show that smoke averaging No. 5 on the scale lasted all the time.
But the evaporative efficiency, taken together, with and without the apparatus, was low,—
only 3-:05 lbs. of water evaporated per lb. of mixed coal, large and small. (Plate 50.)

No. 3. G. HunteR & Co.—This apparatus consists of a hollow cast-iron bridge, having
a slot across the top of it for the emission of warmed air upwards to meet the gases from
the fire ; and,in addition, a hollow brick arch turned in the flue a short distance beyond
the bridge, from which streams of warmed air were discharged into the flue above the
combustible gases proceeding from the bridge. The combustible current was thus
encountered by air from above as well as air from below. The preventive action in this
system, in operation at the works of Messrs. Hebbert & Co., Leeds, was very considerable,
in comparizon with the work of the same furnace when the apparatus was put out of
operation, as is indicated in the second line of No. 3 in the Table. The boiler was
7 feet in diameter, having a 3-feet fire-tube.

No. 4. IrReLAND & Lownns.—This apparatus consists of a number of cast-iron pipes
of M-form, one limb of each of which is laid upon the bridge, the other limbs hanging
down in front of the bridge. The pipes are closely laid so as to form a bridge of cast-
iron. Air from the ash-pit is admitted into the tubes at the lower end, and, being
heated in its progress, is discharged throngh finely divided grids at the upper part at
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the further end, where it meets the combustible gases from the furnace. This apparatus
was applied to the boiler at the works of Messrs. Clowes & Stafford, Leek. The hoiler
is 5 feet in diameter and 16 feet long, having a flue 2 feet 4 inches in diameter. The appa-
ratus was very efficient in consuming smoke, although it appears in the Table that
smoke was visible during 43 per cent. of the time. But, looking to the denseness and
persistence of the smoke when the apparatus was blocked up, as shown in the second line
of No. 4, it is obvious that the system did great execution in improving the combustion
of an obstinately smoky fuel, and in augmenting its evaporative efficiency (column 12)
from 5-05 lbs. of water per 1b. of slack, without the apparatus, to 6:15 lbs. withit. This
contrast should be taken with the qualification that the rate of combustion (column 7)
was forced up to a much greater degree without the apparatus than with it, helping
partly to account for the inferiority of evaporative efficiency. But it appears that
steam of only 28 lbs. per square inch was maintained without the apparatus, against

45 lbs. with it. (Plate 51.)

No. 5. W. PickERING.—This apparatus consists of hollow fire-bars, through which
air is admitted at the front of the furnace, from beneath the dead-plate, and from which,
being turned upwards at the end, the heated air is discharged close to the bridge into
the current of combustible gases from the furnace, in order to consume them. Addi-
tional supplies of air are admitted between the fire-bars, at the bridge, mingling with
the heated air from the bars, in the rising portion of the bars. Another bridge or wall
is constructed in the flue, at a short distance behind the ordinary bridge, through which
a circular opening is made, for the concentration of the gases after they have passed
over the first bridge: so promoting combustion, at the same time that the eurrent is
deflected downwards, and prevented from striking the boiler. This apparatus was tested
at one of the boilers, under-fired, at the Royal Albert Hall ; but the supplementary bridge

was not constructed.

No. 6. J. CorxrorTH.—This apparatus, resembling Pickering’s, consists of hollow
fire-bars discharging the heated air which passes through them into a hollow bridge
made with cast-iron gills, to form conduits for the delivery of the air upwards over the
bridge. This system was tested on one of the boilers, under-fired, at the Royal Albert Hall,

No. 7. Duxcay Broruers.—Welton’s apparatus consists of an iron grid laid
diagonally within the internal flue of a Lancashire or a Cornish boiler, beyond the
ordinary bridge, the lower end inclining towards the bridge. This grid is covered with
small lumps of asbestos, the funetion of which, being heated to redness, is to intercept
and intermingle the smoke and air passing from the furnace,and effect their combustion
by imparting heat to the mixture. This apparatus was tested on a Cornish boiler,
erected in the Exhibition, without external flues, and without covering: the gaseous
products proceeding from the internal flue direct to the chimmey. The boiler was
4 feet in diameter and 14} feet long, having a 23-feet fire-tube. The evaporative effi-
ciency (column 12) was materially augmented by the employment of this ashestos grid.
But, further experience of the apparatus, in boilers properly set and under ordinary
conditions, is needed to afford data for a final judgment on it. The proportion of
visible smoke also was diminished by its use. (Plate 52.)

No. 8. B. W. H. Scamipr.—In this apparatus steam is led by a pipe from the
boiler into a small chamber placed inside the furnace, just above the doorway, from
which the steam is discharged in streams over the fire, in the direction of the bridge.
The fire-door is at the same time kept open two or three inches, so that air entering
there is drawn in and dispersed by the streams of steam amongst the gases in the
furnace. This apparatus was tested on one of the boilers at the Royal Albert Hall.

No. 9. L. JuiLLarp.—Jets of steam are discharged from a hollow globe through
R 2
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perforations from above the doorway. Over the fire, air is also permitted to flow with

the steam into the furnace. This apparatus was tested on one of the boilers at the Royal
Albert Hall.

No. 10. J. ErL1oTT.—In this apparatus, air is introdueed from the ash-pit, through
passages constructed in the sides, into horizontal tubes placed just above the level of
the fire, and directed obliquely towards the bridge. A jet of steam is delivered through
each tube, and draws or induces the air with it, so as to be mixed with the combustible
gases rising from the fire. There is also a means of intercepting a portion of the
escaping gases from the back of the bridge, with the objeet of bwrning them over again.
This system was successful to some extent in diminishing the smoke, as may be gathered
from a eomparison of the smoke-scale when it was not in action with the smoke-scale
when it was in action. It was tested on one of the boilers at the Royal Albert Hall.

No. 11. THE GREAT BRITAIN SMOKE-cONSUMING Company,—O, I, Orvis’s system,
in which air is introduced into the furnace above the fuel, through three tubes at the
front, over the doorway. The outer ends of these tubes are directed downwards. A jet
of steam at the bend of each tube is discharged through the horizontal limb into the
furnace over the fire, so as to draw and drive currents of air into the fire amongst the
smoke, with the object, at the same time, of accelerating the dranght over the bridge.
In burning slack, there was no evidence of efficiency for preventing smoke; in burning
Welsh coal it appeared that the evaporative efficiency was increased by the employment
of the apparatus, But as it did not appear to exercise any distinet influence for the
promotion or the diminution of smoke, the favourable result ean only be attributed to
the mixing action of the steam-currents, effecting the combustion of carbonic-oxide, and
angmenting the draught ; and, in consequence, the more active combustion of fuel and

the evaporation of more water. The apparatus was applied to a Cornish boiler con-
structed by Fraser & Fraser,

No. 12, W. A, MarTIN & Co.—This apparatus consists of a fire-door hung in the
door-frame on pivots at the upper part, and balaneed by counterweights, so as to remain
at rest in any position. Aftera fresh charge of coal has been delivered, the door is swung
open to a limited extent, easily determinable, so as to admit a wide and thin stream of
air into the furnace, traversing the dead-plate, and flowing over the surface of the fire.
The grate-bars consist of plain wrought-iron bars 1} inch square, which reach forward
under the dead-plate, below which they are laid at a clear distance of 1} inch. By
this arrangement an additional current of air is admitted below the dead-plate into the
burning fuel. (Plate 52.)

The Martin door is fitted to the boilers at the Pumping Station, Brixton, of the
Lambeth Waterworks. The trial boiler is 7 feet in diameter, and 28} feet long,
having two flues 33 inches in diameter. The grates were 51 feet in clear length,
having an area of 15 square feet each—together 30 square feet—for the 1st, 2nd, 3rd,
and 4th trials, and were reduced to a length of 3 feet 9 inches, with a united area of
20-6 square feet, for the Sth trial. The steam was generated under atmospherie pressure.

These trials were made with a twofold object—to test the efficiency of the Martin
door, and to test the comparative values of Nixon’s Navigation coal and Northumberland
steam coals. The combustion of the Northumberland ccal is shown to have been
accompanied by little more smoke than that of the Nixon’s. The smoke-making quality
of the North-country coal was tested in the course of the trial on January 19, when it
was found that, keeping the doors elosed, the smoke produced after firing lasted 9 minutes,
against 2:20 minutes when the door was adjusted with a suitable extent of opening.
The maximum smoke-shade was No. 94 against Ne. 4, and the average shade was No. 7

against No, 2:20, This was evidence also of the efficiency of the Martin door for pre-
venting smoke.

 r——— T
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No. 13. A. C. ExgerT.—This apparatus, designed for a horizental, under-fired,
eylindrical boiler, consists of a shutter of two leaves in one casting, pivoted at the bend
to the upper part of the furnace mouth. When the door is opened for charging, the
incandescent fuel is pushed back upon the grate; after which the inner end of the
shutter is lowered upon the fire, in order to prevent a rush of cold air into the furnace,
whilst the fuel is charged partly on the dead-plate and partly on the fore part of the
grate. When the door is closed, the shutter is raised a few inches off the fire, so that
the gaszes distilled from the fresh coal, together with a stream of air admitted under
the door, are passed close over the fire and burned together. The results of the 2nd
and 3rd trials show almost entire prevention of smoke. The trials were made on the
boiler at Mr. Engert’s Compo Works, Three Mills Lane, Bromley-by-Bow, in which the
grate was 7 feet long and 2% feet wide. (Plate 53.)

No. 14. A. C. ENGERT.-—This apparatus consists of two ecoking boxes, applied one
to each side of a vertical boiler, for gradunally coking and feeding the fuel into the
furnace, by pushing it into the furnace. A small boiler of this deseription was tested
at the Exhibition. The smoke was very slight, averaging No. 1 and No. 2 on the
scale. (Plate 53.)

No. 15. J. CoLLixGE.—Blocksage’s apparatus, exhibited by Mr. Collinge, consists
of an inelined grate and rectangular firebrick furnace for the combustion of the fuel,
erected outside an internal-flue boiler, at the front. The products of combustion pass
direct into the flue. This apparatus was tested as applied to a Cornish boiler, 5% feet
in diameter and 14 feet long, at Brick Lane Brickworks, Dukinfield. The grate was
2 feet 1 inch wide and 3} feet long, with a supplementary grate at the lower end,
making up a total length of 4 feet 11 inches and an area of 10} square feet. The
door was kept close, but air was admitted to the fire through an opening under the
dead-plate, 1% inch deep, for the whole width of the grate. The brickwork was
maintained at a white heat, and the result was an absolutely smokeless chimney.

No. 16.J. Farrar & Co.—Barber’s stage-furnace exhibited is, like Blocksage’s
apparatus, constructed outside the boiler, at the front. It was tested on two Cornish
boilers at the works of Mr. Farrar, Barnsley, 7 feet in diameter and 25 feet long, with
34 feet flues. The furnace consists of three shelves 31 feet wide, arranged one above
another, 9 inches clear of each other. The uppermost shelf is the shortest, the one
below it is longer than it. and the third is the longest. ‘T'he three shelves thus form a
sloping bearing for coal. They are supplemented by short grates reaching down from
each shelf to within a few inches from the one below. At the lower end, a short grate
is provided for the reception and removal of clinker and ash. The fuel used was hard
smudge, a very fine slack ; and, when the fire was made up, it became a sloping fire. The
fuel was stoked on each shelf independently, and gently pressed inwards and under the
incandescent fuel without breaking up the fire. The system of stoking was, in fact,
under-feeding. The furnace was worked absolutely without any escape of smoke from
the chimney. (Plate 54.)

No. 17. J. Wavisa.—This system is applied to two Cornish boilers, 5 feet in
diameter, 16 feet long, with a 331l-inch tube, at the Oil and Stearine Works, West
Ham. It consists of a central water-tube, by which the furnace is divided into halves
longitudinally : two level dead-plates, one on each side, extending the whole length of
the furnace, and two upright grates, 9 inches high, 8 feet 5 inches long, one at each side
of the water-tube, reaching from the tube to the dead-plates. The fuel is charged upon
the dead-plates, piled half-way up the horizontal tube, and thus the vertical grates are
covered by fuel. The in-draught sweeps through the grates across the fire. The result
of the test was apparently complete combustion, with an entirely smokeless chimney,
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in burning hard steam-coal. Hall's patent fuel was also tested, and the result, as
indicated in the Table, was a nearly smokeless chimney. (Plate 55.)

Evaporative trials had been made on the hoilers under notice by Mr. Felton, the
manager, hefore the application of the Wavish system to them, and immediately after
the application, in June 1879. The same coal was used in both these trials; it was of
the same description as was used in the official tests. Each trial lasted 24 hours:—

: Ceal Water
Ordinary grate . : : « 65} cwt. 4,643} gallons
Wavish furnace . : - . B33 ewt. 5,0394 gallons

Showing that about 20 per ecent. less coal was consumed with the Wavish grate than
with the ordinary grate, whilst 8 per cent. more water was evaporated.

No. 18. Liver's Patent ImprovED BoLER aND FuUrNaceE CompaNy.—The system
of steam-boiler and furnace exhibited by this Company is deseribed in the account of
the boiler on the premises of Messrs. Clay, Sons & Taylor (page 134), which was employed
for the testing of Welsh coals and anthraecites. 'This system, though not pro-
fessedly a smoke-preventer, possesses nevertheless a considerable degree of efficiency
for preventing smoke. It is stated by Messrs. Tate & Sons, Sugar Refiners, Silvertown,
that, according to their experience, the evaporative efficiency of their boilers, burning
6 ewt. of coal per hour per boiler, has been increased from 6:39 lbs. of water supplied
at 66° F. per pound of coal, to 7-40 lbs., by the substitution of Mr. Livet's system of
setting boilers. The results of performance of the testing boiler at Messrs, Clay & Co.’s,
which haz been at work on Mr, Livet’s system for three years, are given in the Report
(IX.) on Results of Tests of Fuels (page 136). (Plates 55, 56.)

No. 19. G. HaLLER & Co. exhibit Kohlhofer's fire-bars, which are constructed in
short lengths of 9 inches. The bars are formed triangularly, in side elevation, with an
apening in the middle for lightness. They are easily removed when required, and are
not liable to suffer from excessive expansion. The results of the tests which were
made at the works of Messrs. Stafford Allen & Co., City Road, London, show that more
water was evaporated per pound of ecoal burned on these bars than on the previous
grate of common bars. The old grate bars had been much worn away, and allowed,
perhaps, an excess of air to pass into the fire, with waste of fuel falling through the grate,
circumstances which may account for the difference. (Plate 57.)

No. 20. E. G. WiEry.—Weéry’s apparatus, known as the Atmospherie Chimney, is
designed to accelerate the combination of the atmospheric oxygen and unconsumed
gases which rise from the fire at a high temperature. For this ohject, a winding or
rotating movement is impressed upon the elements in the chimney, which, it appears, is
extended to the body of gaseous elements in the furnace ; so that in winding the gases
spirally instead of ascending direct, more time is provided for mixing at a high tem-
perature, and the mixture is better effected. This function is most simply exemplified
in the case of vertical boilers having cylindrical iron chimmeys. The tests were made
on a vertical boiler having a fire-grate of five square feet in area. The lower part of the
chimney was encased in a jacket for a height equal to three diameters. The external
air was admitted into the jacket at the base, and in ascending it entered the chimney
through two spiral slits 1. inch wide at the base, gradually enlarging to } inch in width
at the top of the jacket, each slit making one revolution. The air entering through the
slits mingled with and communicated a winding movement to the ascending hot gases,
which appeared to be extended downwards by inducement to the body of gases in the
fire-box, wherein, when the door was opened, the circling movement eould be observed.
It appears from the results of the tests, which were made repeatedly, that the evaporative
efficiency of the same boiler was inereased by more than one-half by the application of
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this contrivance. From the results of independent trials made by M. Gibault, at Paris,
in April 1880, it appears that while steam was got up in a portable boiler fitted with
the Wéry chimney in 1 hour 18 minutes, with the ordinary chimney the time required
to get up steam was 2 hours 2 minutes. (Plate 58.)

No. 21. J. M. StaNLEY.- -A furnace external to the boiler, in front of it, being an up-
right rectangular chamber or hopper of brickwork, filled with slack. The lower part is
the furnace, in direct communication, by a short brick flue, with the flue of the boiler,
into which all the produets of combustion are discharged. It is perforated at the front
wall for the admission of air in horizontal currents, which traverse the incandescent
fuel, burn it, and pass through to the boiler-flue. This system was tested as applied to
the Cornish boiler at the works of George Fletcher & Co., Poplar Iron Works. The
boiler is 4 feet 7 inches in diameter, by 12 feet 4 inches long, with a flue 2 feet
61 inches in diameter. The hopper is 3 feet wide by 10} inches deep horizontally, and is
6 feet 7 inches high, inside the brickwork. There are two rows of openings 44 inches
square, four in each row, in the front face, through which air for combustion is
admitted, subject to regulation by a slide. Air is supplied, when required, through an
opening, controlled by a valve, in the lower side of the flue communicating to the boiler.
Whilst the furnace continued in steady action, it was perfectly smokeless; but, in con-
sequence, as it appeared, of the unsuitable form of the hopper, the fuel did not descend
freely, and it was necessary to probe and drive it downwards from time to time, to
supply the place of consumed fuel. On these occasions dense smoke was emitted ;
but this was promptly reduced when the air-valve at the back was opened.

No. 22. J. SMETHURST.—An apparatus for purifying smoke from steam-boilers.
Shutting off the connection with the chimney, he diverts the products of combustion,
by means of an exhausting rotary pump driven by the engine, through a cistern of water,
where the black particles are preecipitated, and also, it is said, the sulphurous acid ; and
whence the current is exhausted and is discharged through a pipe into the atmosphere.
The smoke thus purified is of a light blue tint as it is discharged, and is free from deposit-
able matter. Mr. Smethurst’s apparatus comprised a small vertical boiler, 16 inches in
diameter externally, lined with firebrick at the grate to form a furnace 7} inches in dia-
meter, in which the coal —hard steam—was burned. The vapours were discharged through
a 6-inch pipe. By the result of a test, conducted for twenty minutes, it appears that coal
was consumed at the rate of 23 Ibs. per hour, and water was evaporated at the rate of 90 1bs.,
or about 1} eubie foot, per hour; and that precipitating water was consumed at the
rate of 127 cubic feet per hour, having been raised in temperature from 60° Fahr. to
130° Fahr.

REMARKS ON THE FIXED APPLIANCES.

The admission of air above and beyond the fire for the prevention of smoke is a
well-known expedient, which has been adopted in various forms ever since the modern
steam-engine was invented. It has, too, long been recognised that the heating of such
extra supply of air prior to its emission into the furnace and flues, for the maintenance
of a sufficiently high temperature during combustion, in conjunction with intimate inter-
mixture, is of the first importance for the completion of the combustion of the gases
discharged from the fire. The employment of means in various forms for effecting this
object—the maintenance of a sufficiently high temperature—constitutes, accordingly,
the chief speciality of the systems of smoke-prevention furnaces now exhibited.

Messrs, Cruss & Co. (No. 1) employ for this purpose a massive cast-iron bridge,
exposed to the heat of the furnace, into the interior of which the supply of air is ad-
mitted, and from which the air is delivered in three thin sheets. The considerable
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area of heating surface thus developed must operate beneficially in warming the air
preparatory to its delivery above the bridge, further augmented as it is by the semi-
circular projection of the bridge upwards, contracting the thoroughfare over the bridge
to a semi-annular form ; and not only augmenting the surface, but also insuring more
immediate intermixture of the gases and the air. This upward semi-cireular extension
of the bridge is a notable feature of Chubb’s system,

Mg. GowrHORPE (No. 2) has nevertheless succeeded in preventing smoke to at
least as great a degree as Mr. Chubb, by projecting a single sheet of air horizontally
from his cast-iron bridge. But it appears to be wanting in economy of fuel when the
quantity of water evaporated per pound of coal did not exceed 3 Ibs. Mur. Gowthorpe’s
system is also at least as effective for smoke-prevention as that of Mr. HUNTER (No. 3),
who has elaborated a double supply of air, the combustible gases passing between
the under-current of air from the bridge, and the upper subdivided current from the
arch beyond the bridge.

But MEssks. IRELAND & Lownxps (No. 4) effected a better contrast by their system of
close-set iron pipes at the bridge, in which the air-supply was heated as it passed to the
far end of the pipes, and was delivered in thin streams through grids. Comparing
the action of this air-bridge with that of the ordinary bridge, it is seen that it
reduced the maximum density of smoke from No. 10 on the smoke-scale to No, 4, and
the average density from 6:75 to 2-0,

Mg. PickeriNG and Mgr. CorNFORTH (Nos. 5 and 6) employ hollow fire-bars, through
which air in passing to the bridge is heated. They did not make much reduction of the
normal quantity of smoke. It is likely that in consequence of the frictional resistance to
the passage of the air through the tubes, the supply of air was deficient ; though, no
doubt, the air that passed became highly heated.

Mg. PICKERING'S system, in its entirety, has, since the tests were made, been
inspected in operation applied to inside fire-tube steam boilers at the Nubian Blacking
Manufactory, Snow Hill, and at the Hackney Wick Confectionery Works ; where it operated
in preventing smoke, whilst the steam-pressure was maintained.

The results of the performances of Mr. WELTON’S asbestos grid (No. 7), behind the
ordinary bridge, are interesting, but they are not conclusive. Undoubtedly, the effi-
ciency of the fuel was augmented by the agency of the grid, under the special conditions
of the boiler, which was not set in brick, and from the flue-tubes of which the gaseous
products flashed direct to the chimney. But steam-boilers are not usually worked in
this condition.

The systems (Nos. 8, 9, 10, 11) of Scamipr, JumLLagrp, ErLiort, and THE GREAT
Britaiy Company are all based on the long-known action of jets of steam in indueing
currents of air to follow and accompany them. The air is thus blown over the surface
of the fire, and its intermixture with the combustible gases and the consequent com-
bustion are accelerated. None of these systems has, in the course of the tests, proved
specially successful as a smoke-preventer ; though M. Juillard’s appeared upon the whole
to be the most effective.

Messgs. Martiv & Co.’s fire-door (No. 12) is tolerably effective as a smoke-

reventer, of the simplest construction ; adapted not only for stationary boilers, but
also, being perfectly balanced, for marine boilers.

Mg. EXGERT’s swing-shutter inside the furnace (No. 13) was, when carefully managed,
entirely successful in preventing smoke for low rates of combustion. The average tints
of smoke recorded in the Table are very light ; and smoke was only emitted when the far
end of the grate became uncovered and cold air was passed into the fire-place. It is
apparent that the shutter interferes to some extent with the free play of the stoking
implements.

Mg. EnGErT's system of coking-firing (No. 14), by a gradual feed of fuel, was very
successful in preventing smoke. But it acted in this respect most efficiently when the
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rate of combustion was lowest, as indicated in the Table: a rather inconvenient charac
teristic, sinee it tends to impose a limit on the gross evaporative performance of any
given boiler.

The BLocEsSAGE system (No. 13), of an external furnace in firebrick, and FARRAR'S
system (No. 16), also external, and in firebrick, were both worked with facility and with
suceess in exhibiting absolutely smokeless chimneys. They both depend upon the highly
heated reverberatory surface of firebrick enclosing the burning fuel, for completely
burning the fuel and preventing smoke: in heating the air and the gases that flow
under the roof of the furnace, and maintaining the high temperature which is so
conducive to completeness of combustion.

Mr. Wavise’s system (No. 17) is another of those in which the combustion of coal
was complete, and the chimney was absolutely smokeless. It is distinet from the others
which have just been referred to. The incoming air, sweeping horizontally the incan-
descent fuel, is highly heated, and carries with it highly heated gaseous produects, all of
which are mixed with, and so heat, the smoke-gases discharged from the comparatively
fresh coal at the surface of the fire. In consequence, the mixture, having been detained
at the surface of the fire by the horizontal sweep of the draught, is raised to a high
temperature, which is maintained till combustion is completed. In testing the Wavish
system with Weardale Steam Fuel, a light smoke was occasionally visible for a minute or
two. The stoking of this furnace did not demand any special care on the part of the
stoker. The means of actively circulating the water about the furnace have been
found by the manager of the (il and Stearine Works to be beneficial in the preven-
tion of scale. Mr. Wavish’s system is suitable for locomotives, as well as for marine-
boilers.

In Mg. Liver’s system (No. 18) of setting boilers, it is not at first sight obvious that,
by the employment of expanding flues of a special shape and construction, a materially
better action of the furnace and boiler should be effected. It has, nevertheless, been
ascertained by many instances of resetting on Mr. Livet’s system, that the draught has
been improved and the evaporative efficiency augmented. By referring to the tabulated
results of the tests of Welsh coals (Table XXV.), it will be seen that, in the boiler
at the works of Messrs. Clay, Sons & Taylor, which is set and fitted on Mr. Livet's
principle, very high evaporative efficiencies of fuel have been attained. The large capa-
city of the flues, it may be added, affords exceptional facilities for inspection of the boiler.

The WERY system of atmospheric chimney (No. 20) merits a few words of special
notice. The unexpected advantage gained by its employment on the vertical boiler
exhibited is certainly a study for the mechanical philosopher.

Mg. STANLEY'S hopper-system of external furnace (No. 21) is an exemplification of
the system of gradual preparatory distillation of fuel as a means of preventing smoke.
For the practical development of the system, action more nearly automatic is required
for feeding down the fuel than the irregular action which -now exists.

MR, SMETHURST'S Smoke-purifyer (No. 22) was effective in cleaning the smoke; but
it is open to the objection that as much as eighteen times the quantity of water con-
verted into steam was consumed in the operation. On a larger scale, probably, it would
work more economically.

MECHANICAL STOKERS.

Mechanical stokers are divisible into two classes: those which operate by delivering
the coal at the front, and coking it gradually as it is pushed backward on the fire-grate,
and those which operate by spreading or scattering the fuel over the surface of the
grate,

S
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No. 23. Toe Patent Steam BoiLeR CompaNy, — Knap’s Mechanical Stoker
(Class I.).—In this mechanical stoker, the hopper from which the fuel is fed, is provided
with a slide, by which the supply to the erushing and feeding roller may be varied or
entirely cut off. After passing the roller, the coal falls down an inclined plane to the
front of the pusher, which delivers it on to the dead-plate, and thence to the fire-bars, five
of which are movable and six are fixed. The movable bars are hooked at the front end
and rest on a cross bar, to which a horizontal reciprocating motion and a slight vertical
movement are given by a pair of side-levers working on a pivot. These levers also give
motion to the pushers, The mechanism is simple and well arranged. (Plate 58.)

No. 24. GeorGE SiNcLAIR (Class I.).—In this apparatus, the coal is fed into the
furnace from a hopper, and the feed is varied by the adjustment of the stroke of the ram to
from 14 inches to 4 inches. The fire-hars are in five sections, each section consisting of
three bars, of which the outer bars are flanged, and the centre bar is of the herring-bone
form, interlocking with the inner edges of the outer bars of the section, which are similarly
serrated. The far end of the centre bar is bevelled, and rises on a cross bearer as it is
pushed back, so as to break up clinkers at the further end of the furnace. The motion
of the fire-bars and the ram is taken from a five-throw erankshaft placed in front of the
boiler, from each erank of which a short eonmnecting-rod gives motion to a section of
three bars, The shaft is driven by a spur-wheel and pinion, and a belt-pulley, and can
be thrown out of gear by a clutch. The speed of the crankshaft is one revolution in
1} minute. The apparatus was tested al the Exhibition, on a Cornish boiler 5% feet in
diameter, 14 feet in length, with a flue tube 3 feet in diameter. The boiler was not set

in brick, nor was it covered ; and the burned gases passed direct through the tube to
the chimney. (Plate 58.)

No. 25. KxowLes & Harsteap.—* Holroyd-Smith’s Helix Furnace Feeder’
(Class L.).—The slack fuel from the hopper descends into a horizontal trough laid across
the front of the boiler, at or about the level of the fire-door, in which it is traversed by
means of a screw-movement. From this trough the fuel drops into three longitudinal
troughs passing into the fire-place, and connected by perforated castings to form the grate.
The fuel is moved by serews in these grooves into the fire-place, where it is at the same
time lifted by the action of the screws and laid over the surface. The longitudinal
serews are double-threaded, of from 8 inches to 10 inches in pitch, 5 inches in diameter

at the front, and 2] inches at the far ends; and they are 41 feet in length. They make
one turn in 38 seconds. (Plate 59.)

No. 26. James Procror (Class IL.).—In this mechanical stoker a single hopper
is placed between the two flues of the boiler. A ram at the bottom of the hopper pushes
the fuel alternately to the right and to the left, along two horizontal passages leading to a
shovel-box at each end, facing the flues. From each box, a shovel, actuated by the re-
lease of a spiral spring, projects the coal into the furnace. The shovels are withdrawn
to a different extent in each of three successive strokes by three cams giving a different
degree of extension to the springs, thus imparting a different velocity of projection to
the coal, and causing it to fall on a portion of the furnace varied for each of the three
successive strokes. The springs can be adjusted to give the impulse required, and the
impact of their recoil is softened by buffers. A flap-door is provided for hand-firing
when required. The fire-bars are rocked by a hand-lever in front of the furnace. (Plate 60.)

According to a recent improvement, Mr. Proctor applies a motion for moving every
alternate fire-bar. A crank-pin is fixed in a worm-wheel driven by a worm on the trans-
verse shaft, by which two levers are moved up and down, from which, with a swivel-joint,
a rocking shaft carrying the ends of the movable bars is worked. The movable bars

rise and fall half an inch at the front; and at the far end they slide on a horizontal
hearer, (Plates 61, 62.)
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No. 27. James Newton & Son (Class IT.).—Small coal, or slack, from the hopper
is dropped into a small receptacle over the door—near the roof of the door—from which it
is propelled into the furnace by a blast of heated air, delivered at short intervals, from a
pipe which traverses the flues of the boiler, and through which the air is driven by means
of a fan. (Plate 63.)

T, & T. Vicars' Mechanical Stoker {G]ass I,}: has been inspected at work. It
is described in page 25.

The CHADDERTON IRONWORKS CoMPANY’S (McDougall’s) Mechanical Stoker (Class I.)
also was inspected. It was tested in connection with the Manchester Smoke Abate-
ment Exhibition, and a description with the results are given in the Report for that
Exhibition. The chief peculiarity of this stoker consists in the motion for the fire-bars,
which are controlled by an ¢ eccentricated shaft,” which carries their outer ends, and com-
municates a travel of { inch to and fro. (Plate 74.)

REMARES ON THE MECHANICAL STOEERS,

It may be observed in the few results of tests given in Table XXV, that the only
mechanical stoker which worked with complete smokelessness was the coking stoker of
G.. SINCLAIR (No. 24), tested at the Exhibition, on a Cornish boiler. As the experimental
boiler was not set in brick, and as the products of combustion passed direct through the
tube to the chimney, the rate of evaporation of water was comparatively low ; but, for a
flash flue, it was, under the circumstances, very effective.

THE PaTENT StTEAM BoILER CoMmPany’s (Knap's) Stoker (No. 23) comes next in
order of efficiency for prevention of smoke, but it showed a constant average smoke—
No. 2 by the scale. It was tested at the Chalk Works, Grays, Essex.

KxowLes & HaLsTEAD'S (Holroyd-Smith’s) Stoker (No. 25), tested at the printing
works of Messrs, Unwin, near Ludgate Hill, showed still more smoke, due to the necessity
for frequently levelling the fire, which was, in consequence of the mode of feeding back
the fuel by isolated propelling serews, raised into ridges.

James Proctor’s Shovel Stoker (No. 26), tested at Heyworth’s Weaving Shed,
Blackburn, showed an average light, though continuous, smoke, which was less than half
of what was produced in hand-firing.

J. Newtox & Son's Stoker (No. 27) was tested at New Royd Mills, Oldham. The
test-boiler was one of three in a line ; and as the fan was not powerful enough to supply all
the three boilers at once, one of the three was fired by hand. It was, in consequence,
nearly impracticable to distinguish accurately the discharge of such smoke from the
chimney as might have arisen from the test-boiler. The smoke was, so far as was ob-
served, very light in shade. There was 10 per cent. greater evaporative efficiency by the
use of the mechanieal stoker, compared with hand-firing. This result is corroborative
of the report of the Chief Engineer of the National Boiler Insurance Company, by whom
the boiler had previously been tested.

Of the systems of Mechanical Stokers which have been tested, as above recorded,
that of G. SivcLair (No. 24) was the steadiest in action, and was the only one which
was worked without the interference or the ocecasional aid of the shovel or the rake,
The excellence of the stoker was also proved by the complete absence of smoke,
already noticed, and by the efficient manner in which it transported and rejected the
heavy masses of clinker that were formed.

D. K. CLARK.
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VIII. REPORT ON TESTS OF GAS ENGINES.

Two tests of Gas Engines were made,—Otto Silent Gas Engines, in both instances.
One test was made of the 2 horse-power Otto Engine, exhibited by Crossley Brothers,
consuming coal-gas. The other test was made of a 3} horse-power Otto Engine,
exhibited by the Dowson Economic Gas Company, consuming the Dowson Cheap Gas.
This gas forms the subject of a special report (page 112), in which the results of the test
as a motive power have already been communicated.

The Otto Silent Gas Engine, of 2 horse-power (plate 66), exhibited by Crossley
Brothers, is a ‘half single-acting engine,’ horizontal, in which the motive power is exerted
only on one face of the piston, of which the other face is open to the atmosphere ; and is
exerted at every alternate stroke only. The cylinder is 511 inches in diameter, with a
stroke of 12 inches. The piston is 8 inches in length, and the engine makes, at the regular
speed, 160 revolutions of the crank-shaft per minute. The eylinder is water-jacketed, to
keep down the temperature ; although it is estimated that a loss of 42 per cent. is thus
incurred. A mixture of air and gas, in the proportion of 16 to 1, is adopted, in order to
ensure glowness of combustion, with, in consequence, a deliberate and continuous pressure
on the piston during the stroke, analogous to that of an expansive-working steam engine.
The cylinder is filled during alternate strokes with the mixture. On the return stroke,
the mixture just admitted is compressed until it reaches a pressure of 35 lbs. per square
inch. At this pressure, the mixture explodes, and, to ignite it, a strong mixture is
provided at the touch-hole. The mixture continues burning throughout the following
stroke. For both heavy and light duty, the explosive mixture is of the same proportions.
But, for light work, the engine may miss two or more strokes without an explosion taking
place, according to the work to be done. The frequency of explosions is regulated by
means of a simple governor. The engine was tested on a friction-brake, by means of an
indicator connected to the end of the cylinder, during a period of 40 minutes, when six
indicator-diagrams were taken from it. The initial pressure in the eylinder varied from
112 lbs. to 130 lbs. per square inch above the atmosphere pressure. The pressure on
exhausting, near the end of the stroke, was about 28 lbs. per square inch. The speed
averaged 1564 revolutions per minute, making 78-2 explosions per minute. The
effective mean pressure on the piston was 6274 lbs. per square inch. The area of the
piston was 25:41 square inches. The length of the stroke being 1 foot, the power of
the engine was equal to (25:4]1 x 62:74 x 1 x 78:2=+-33,000=) 378 indicator horse-power.
(Gas was consumed at the rate of 100 cubic feet per hour, equivalent to (100+3-78=)
26-45 cubic feet per indicator horse-power per hour. Taking the number of explosions
per hour equal to (782 x 60=) 4,692 explosions, the quantity of gas consumed for each
explosion was (100 x 1,728+4,692=) 36-8 cubic inches, or ;% eubie foot. It is stated
by the exhibitors that the engine had not previously consumed more than 1 cubic foot
of gas per charge. A leakage may possibly have existed in the connections whilst the
engine was under test.

The results of performance of the Dowson cheap gas in the 31 horse-power Otto
Engine may here be recapitulated. The average speed was 156 revolutions per minute,
making 78 explosions per minute. The indicator power was 4-41 hm'sefpower; and
110-34 cubic feet of gas were consumed per horse-power per hour.
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It appears that, of the Dowson gas, 4:17 times the volume of coal gas was consumed
per horse-power per hour. Taking the respective costs per 1,000 cubie feet at 4. and
3s., or as 1 to 9, the relative costs per horse-power are as 4°17 to 9, showing that the
Dowson gas does the same work for less than half the money.

Clerk’s gas engine, though it was not tested, may be briefly described. It wasa
single-acting engine, of 2 horse-power, having a 4-inch eylinder, with a stroke of 8 inches,
and making 200 revolutions per minute. An explosion takes place at every out-stroke,
the mixture of gas adopted being 9 of air to 1 of gas, admitted for the first half of
the stroke. During the second half-stroke, pure air is admitted. In order to effect
the explosion at every out-stroke, a displacer-eylinder is employed. The charge is
compressed till a pressure of 38 lbs. per square inch is attained, when it is exploded
and burns during the out-stroke. The exhaust takes place near the end of the stroke,
and as the piston returns, the pure air of the charge is exhausted through the pipe,
which is cooled.
' D. K. CLARE.
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IX. REPORT ON TESTS OF FUELS.

TWENTY-NINE varieties of anthracites and Welsh coals, with three samples of New-
castle coals, and three samples of artificial, or so-called patent, fuels, were submitted to
be tested. The tests were distributed as follows :—

Fuels Numbst of fuels | Number of tests
Anthracites . : ; - . 16 18
Welsh steam coals, y . ’ 13 20
Northumberland steam coals ; a3 4
Artificial fuels 5 : = . 3 a3
Totals . : ; . : S5 45

The steam boiler in daily operation at the printing works of Messrs. R. Clay, Sons
& Taylor, Bread Street Hill, Queen Victoria Street, London, was, with the permission
of the proprietors, selected to be the testing boiler, It was started at work on
September 1, 1879, and was illustrated and described in ¢ The Engineer,” May 28, 1880.
It is of the Lancashire or double flue-tube type. The shell is 7 feet in diameter, and
18 feet in length ; the two flues are 2 feet 9 inches in diameter at the furnace, and
reduced conically to a diameter of 2 feet 4 inches at the far end. There are two charac-
teristic features in the plan of this boiler—the invention of Mr. Fountain Livet. One
feature is the form of the seating and the proportioning of the flues, The boiler is set
upon two east-iron stools, extending between which a central partition wall is built,
finished with a course of bull-nose bricks, which are in contact with the lower side of the
boiler, though they do not take any of the load. The flues, right and left, with a
winding draught, are made successively larger in sectional area as they advance from
the fire-tubes. That is to say, the first external flue, leading to the front, is larger in
sectional area than the internal flue-tubes taken together; and the second external flue,
leading from the front to the back, at the other side of the boiler, is larger than the
first flue. The chimney, likewise, is formed with an expanding sectional area towards
the top. Two capacious pits are constructed, one at each end of the boiler, for the
collection of dust and soot. The second special feature is the fire-grate ; the fire-bars
are made of great depth—about 12 inches—and of a long wedge-formed section, so as
to facilitate the in-draught of air into the fire, and to warm it as it ascends. That
they may not be subject to breakage by unequal expansion, the fire-bars are constructed
in two parts, upper and lower, longitudinally fitting together to form one bar. Mr.
Livet shows that, by the adoption of such arrangements, the draught is improved, and
a greater proportion of heat is absorbed by the boiler, in consequence of the diminishing
velocity of the current, as compared with the velocity in a system of flues of uniform
area of section. (Plates 55, 56.)

The fire-grates are 22 inches in width, being 11 inches narrower than the fire-place.
The dead-spaces at the sides are filled with cast-iron plates. The grates are 5 feet in
length, and have together a working area of 183 square feet. The fire-bars are made
in two lengths, and there are 15 in the width. They are 1} inch in thickness at the
dead-plate, and 13 inch at the bridge, with air-spaces averaging % inch wide. The
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fire-bars are from 10 inches deep at the front to 12 inches deep at the back; they are
flat at the top, and grooved.

The boiler is coated with Leroy’s composition, 3 inches in thickness. The boiler
was fed with New River water, which under ordinary conditions deposits a hard scale.
But the formation of scale was here prevented by the use of plates of zine suspended
within the boiler. Mud and sand were deposited at the bottom. The boiler is, in
ordinary practice, cleaned out every three months. As the tests were carried on over a
long period of time—upwards of three months—samples of steam from the boiler were
tested from time to time for priming water in mixture with the steam. The results
of these tests proved that there was little or no priming in the steam. For instance,
on the 22nd and 23rd December 1881, just before the boiler was washed out, the results

of four tests showed an average of less than 1} per cent. of the whole water supplied
as priming, thus:—

Dec. 22,1881 . . . . . Priming 160 per cent.

» 22, » . . p 183,

£ 23! b ] = o b » ﬂlm i3]

" 23: 1" . ’ . » &'ﬂ 1"
Averaze . . & . . 1:23

»n

On another oceasion—in March 1882 —within a week after the boiler was cleaned
out, the results of two tests were as follows :—

March 21, 1882 . - . . Priming 1-39 per cent.
» i . . . s . » 000,
Mean . i . . 070

n

In view of these evidences of the general purity of the steam, it may be assumed
that the tests of fuels were worked under uniform conditions of the boiler.

Each test was completed in one day, lasting usually for periods of from 71 hours to
8 hours. The feed-water was measured from a large rectangular tank, where the tempera-
tures at the beginning and the end of the experiment were taken. The coal was weighed
out 1 ewt. or 2 ewt. at a time, and broken into manageable pieces which were usually
charged into both fires, } ewt. to each, one after the other. Occasionally, 2 cwt. was
charged at a time, in the case of anthracites; and occasionally the firing was alternate.
Before the trial was commenced, the fires were allowed to burn down until they were
ready for fresh stoking. The levels and condition of the fires were noted, together with
the level of the water in the boiler ; also the time ; then the trial was held to com-
menee, and a charge of coal was delivered. Towards the end of the period of trial, the
fires were again let down until they were ready for fresh stoking, care being taken that
they should be, as nearly as conld be ascertained, in the same condition as at the com-
mencement, also that the water-level in the boiler was the same as at the com-
mencement. The trial was then held to have terminated. The time was noted ; the un-
consumed coal that was weighed out, if any was left, was weighed back ; the clinker
was cleared from the grate, and both it and the ash from the ash-pit were weighed.
The level of the water in the tanks was again measured, and the fall of level
and the quantity consumed were determined. The temperature of the burnt gases as
they passed away to the chimney was gauged at short intervals by means of a pyrometer.
The smoke-shade at the chimney-top was noted. The standard working pressure was
that of 60 lbs. per square inch at the safety-valve.

Six of the tests were made with one of the steam boilers at the Brixton Pumping
Station of the Lambeth Waterworks, fitted with the fire-doors of W. A. Martin & Co.,
The ostensible purpose of these tests was the testing of the fire-doors ; and, incidentally,
the occasion was improved for the purpose of, at the same time, testing the steam coals
consumed. The boiler is described in the notice of the tests of the Martin doors (p. 124).
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One test was made in conjunction with the test of J. Wavish’s upright fire-grates, in
a Lancashire boiler, at the works of the Oil and Stearine Company, West Ham, noticed
in the Report on Steam Boiler Appliances (p. 125).

The leading results of the tests of coals are stated in Table XXVI. The tests of
anthracites and Welsh steam coals, Nos. 1 to 37, and tests Nos. 43 and 44 of two artificial
fuels, were made with the testing boiler at Clay & Co.’s printing works. The five tests
Nos. 38 to 43 were made at Brixton Pumping Station, and the last test, No. 45, was
made at West Ham.

The anthracites of the Anthracite Coal Company were, in general, rough of fracture,
and friable. The most efficient of them for the ratio of the evaporated water to the
fuel, according to column 16 of the Table, was No. 7, the Brass Vein anthracite, from
Ystradgunlais, by which 14-23 lbs. of water was evaporated per lb. of fuel from and at
212° F. At the end of the eight hours’ trial, there was but little clinker and ash, and
the clinker did not adhere to the fire-bars. This anthracite proved, in fact, to be one
of the best of all the samples that were tested, in combining evaporative efficiency
with maintenance of pressure and ease of stoking. Nos. 8 and 10, anthracites, from
the 4-feet Vein of Evans and Bevan, proved to be the poorest of all the anthracites that
were tested : the steam pressure could not be maintained, as the grate was encumbered
with ash and elinker, which required to be frequently sliced, although it parted without
difficulty from the bars.

The Cawdor anthracite, No. 15, swelled to a small extent in the furnace—an
indication probably of a slightly bituminous nature,—though it was entirely smokeless.

The Dynant anthracite, No. 16, was hard, and it broke with a clean fracture. It
burned brightly and evenly, with a strong heat. The damper was fixed at ¢ half-open,’
and it remained in this pesition during the test. The clinker was easily sliced off.

The Trimsaran samples, Nos. 17 and 18, from the 9-feet Vein and the 4-feet Vein of
the Gwendreath Valley, behaved differently. No. 17 yielded more heat and evaporated
more water than No. 18, but it burned less freely.

TapLe XXVI—RESULTS OF TESTS OF ANTHRACITES

L L e
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CoAr, CoxsUMED

: Par
]TJ:}. Wame of exhibitor Date of E::;:cr Total ?E::?f
<o L trial Exhibitors’ deseription Con- 1?:1.{1' prmte
apmmed per

honr

1 2 3 4 5 8 7 8
ANTHRACITES (CLAY & Co.'s 1881  |h. m. cwts, | lbs. 1bs.

BoILER).

1 The Anthracite Coal Company . |Sept. 28 |8 0| 4-feet Vein, Ystradgunlais : ; 13 .]EE 9-93
2 Do, do, : w 29|7 41| White Vein, Ystradgunlais ; . |15 218:2| 11-30
3 Da. do. . » 8007 15| 9-feet Vein {Evans and Bevan) o | B 170 | 927
4 Do, do. . |Oet. 3(8 5| Peacock Vein, Gwann-Cae-Gurwen . 12 168 LY
B Do. do. .| » 417 30| Black Vein, Ystradgunlais .| 124 | 187 |[10-20
6 Do. do. . 3 617 40| PBig Vein, Gwann-Cag-Gurwen . 4 13 191 | 10-40
7 Do. do. . | » 6|7 30| Brass Vein, Ystradgunlais S| o 164:3| 8:96
8 Do, do, : w 11|7 20| 4-feet Vein (Evans and Bevan) - |15 229 | 1250
10 Do, do. . [ Nov.10 |7 40| d4-feet Vein (Evans and Bevan) . | 1468 214 | 11-69
14 Do. do. . |Dec. 16 |7 50| Big Vein, Amman Valley . . . |14 200 | 10-92
9 Do. do. . |oct. 27|7 50| Glyomoeh. . . . . . |14 |200 |1092
11 Do. do. . |Dec. 5|8 0] 9-feet Vein, Maesymarchog . . |12 168 | 916
12 Do. do. y . 12|8 0| Timber Vein, Swansea Valley . . |12 | 1756 | 96D
13 Do, do, : . 14|7 50| BRed Vein, Amman Valley . : .. |18 186 | 1016
15 The Cawdor Colliery Company . | Oct. 17 |T 30| Cawdor Colliery : - ; . |18 194 | 10°69
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Beginning with the first of the Welsh coals, No. 19, Graigola coal, was one of a
series of five coals exhibited by Cory, Yeo & Co. It was a hot-burning coal, expanding
quickly as it became heated, and burning off quickly. It was very friable—the only
sample that was very friable,—and it would have better suited an easier draught. No.
20, Graig Merthyr, was a very hard coal, which lay as it opened, without any enlargement of
volume. No. 21, Clydach Merthyr, burned much more freely than the two preceding
samples. No. 22, Velindre Merthyr (Birch Rock), is a hard coal, and burns like
anthracite, rather dark on the top. No. 23, Hill’s Merthyr, was the last of this series.
Nos. 20, 22, and 23 were the hardest, and were preferred to many other samples.

No. 24, Mardy, 4-feet Seam, is a very hard coal. It burned solidly and it did not
swell at all. It approached the strongest anthracite in hardness. Incandescent lumps
broken in the fire showed black in the interior.

No. 25, Joseph’s Dunraven Merthyr, is a coal of good quality. It breaks softly, and
it opens up in the fire like a cauliflower.

No. 26, Llest coal, is a free-burning coal. No. 27, Cwmaman, burned like the
Mardy sample, fiercely but slowly, showing black inside when broken in the fire. It
delivered much flame and heat immediately after a firing.

Several private tests, Nos. 28 to 35, of Aberdare Rhondda steam coal, the fuel nsually
consumed at Clay & Co.’s printing works, have been included in the Table. They were made
with a view to testing the comparative evaporative efficiency of the boiler in its varying
eonditions of cleanness or muddiness. The first sample, No. 28, was the sample supplied
direct by the Company for an official test. No. 29 test was mﬂ.de at an early date, for
the special purpose of testing Mr. Livet’s system, on which the boiler was set and fitted.
In this instance, as in all the tests that followed—Nos. 30 to 35—the samples were
taken as required direct from the coal-heap in the boiler-shed. The maximum of
evaporative efficiency, attained in No. 29 test, was probably achieved by special attention
to the damper, keeping it nearly close during the time the doors were open for stoking.
The last of the series, No. 35, was made with coal consisting in great portion of small

AND WELSH STEAM COALS.
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REFUEE WATER EVAPORATED BMOKE, BY EMOKE-SCALE
AVOTARE | & oo g
| pressure |
Per Ib. of coal 2 Average length !;[ steam | :E:{:Tm
Por Maxi- VOrng e of time Tar e
T . Por F Averapge : ecparting
Clinker | Ash | Total o?ﬁl r:E:l:- Tatal Tetur Aetal in?:l.nt mumt | density d{"-;-n:r;::n — e F;tr?fjlfn fne
gige | deusity firing |Visibl ¢ |No amoke|
o % [ Maow|thy e [ |l s | 3. | ve. [ iw | 38 | e | so | s | a3 | 23 | 84
Tbs, Ihba, lbs. | per ct. | deg. F.| cub. ft. | cub. it. Ibs, b, Mo, Ho. min. | percent.| per cent.|  1bs, deg. F,
16 21 aT 254 612 | 18986 | 2373 813 =59 . . . Emokeless 2 . 00 o
42 53 ) 565 6l |183:33 | 2446 609 8-25 c = . Bmokeless . S 4 ET0 -
30 19 49 400 | 59 |170-50 | 22-7% 834 O-34 . 5 . Bmokeless . " F 54940 -
— - — — BT [ 191-00 | 24-00 887 | 10-5T . 5 . Bmokeless . A . A59-0
13 a8 51 364 56 | 18340 | 24-40 &18 965 ' ; . Bmokeless . . i 5588 3826
23 75 98 673 53 | 19310 | 2537 | 1087 | 13-01 : ; . Bmokeless . : ; 70 AB2-
15 a2 45 886 Bl |176°10 | 28350 | 11-89 | 14-23 c . . Bmokeless . . - G2 3031
&1 62 113 673 58 | 184-10 | 2510 i1 #-11 . i . SBmokeless . ¢ : 510 3080
88 136 224 | 1562 BB | 181-60 | 2868 80 B-17 - g . Bmokelegs . 5 - 40-5 4574
a0 45 77 491 49 | 184-80 | 23-60 7:35 872 : 2 . Smokeless . . . 568 4007
28 52 80 510 55 |181-90 | 23-23 9:25 | 10-96 g . . Bmokeless . T : 49-0 3885
111 | 63 T4% | 554 | 49 |176:60 | 2210 | 8-20 976 . : . Bmokeless . . . B1-0 | 3365
[ 39 45 321 52 | 18480 | 2310 824 486 . . . Bmokeless . . - 603 3660
il k1H 441 | 308 48 [ 1R4:30 | 23-54 790 945 . - . Bmokeless . : : 58-8 3571
3 62 55 397 67 | 19650 | 26-20 g-42 HEHE . . . Bmokeless . . 3 49-1 3674
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TapLe XXVI.—RESULTS OF TESTS OF ANTHRACITES

TESTS OF FUELS.

Coan CORSUMED
Mo, i For
Dl:; Name of exhibitor mn?ii:’f 31:?:1- Tatal - ?ﬂm
test : ; ; ¢
trial Exhibitors’ description aﬁ?:;d oo g;;::.a
hon
1 2 g 4 5 |
18581 h. m. cWis. 1ba. b=,
ANTHRACITES (CrLaY & Co.'s
BOILER (cont.).
16 The Dynant Colliery Company. | Nov, 9|7 65| Stanllyd Vein , - : 14 198 | 10:80
17 The Trimsaran Colliery Company w 23|T7 b5| 9-feet Vein, Gwendreath "..’allcjr 11 156 8:49
18 Do. do, ' . 25|8 0| 4-feet Vein, Gwendreath Valley 12 168 916
WELSH STEAM CODALS
(Cray & Co.'s BOILER).
Graigola Merthyr (Compagnie 2 ; .
19 Hounillére ﬂf-'), CUI'I‘T"-'U & o, Mov. 3|5 15 G‘l‘&lgﬂl]& ' . ' . . ' 11 235 12:86
202 Do, do. « | Oct, 19|6 15| Graig Merthyr . . : ; v || 179 978
21 Do. do. , 20|6 20| Clydach Merthyr . .. | 1z-87| 228 |12442
229 Do, dﬂ » S1)6 15| Velindre Merthyr (Birch Ruuk} . | 10 179 | @78
23 Do. » 187 15] Hill's Merthyr . . . |18 201 | 10-05
24 L“E:Ef;m};f“m?r Steam E““I} Nov. 7|8 0| Mardy, 4-feet Seam, Little Rhondda |12 | 168 | 918
a5 The Dunraven C-:alhcry » 156 (8 12| Joseph's Dunraven Merthyr . . | 10 137 | T46
26 The Gn luaumn Coal Compan:.n - T F| Llest, No. 8 Rhondda Vein - . |12 189 ]10-38
27 do. 2 8 0| Cwmaman, Upper 4-feet Seam . | 10 140 | T84
28 *b{ﬁzr:n?h“ﬂda staw Coaly| % Mo ol avedare Rhoodds . . ool sidlss e
Do, Special trial of Lwet E BYS- 5 :
39 tem on the same boiler . } Sept.22|6 13 Do, do. AL o D 7441 13¢ | 791
a0 Private trial Wov, 2116 85 Do, do. : : i : @ 160 873
gL Do, 3 . ; . , 22|7 &0 Do, do, . ; gL | 122 663
32 Do. A B [ Do. do. SN 9 |130 | 709
33 Do, - - - - Dec. 218 & Do, da. 10 140 764
1882
84 Do. o April 6 |7 45 Do. do. SR R 13 188 | 10:26
1481
35 D . 0 o + | MNow, 28|7T 5O Dao. da. amall and slack . 12 172 036
86 Williams & Co. . : - « |Deec 21(7 B0O| Duffryn Aberdare . - ; . |18 172 | 986
1882
a7 Do, Mar. 30| 8 5| Lewis's Navigation . . - L3 183 | 993
NIXOR'S NAVIGATION & NOR-
THUMBERLAND BSTEAM
COALS  (BrixTon FPUMPING
STATION.
a8 Private . Jan, 18 |6 0| Nixon's Navigation steam coal . 13 306 | 11-82
39 North of Eng]and [-'09-] 'Tfﬂdﬂ‘ . 19[4 18| Worthuraberland steam coal 2 18 502 | 16:73
I, do washed §
40 Do. do. . 205 & { Po. o caan | gwashedlliapp 8lised Bl 1950
1 Do, do. : w216 10 Dao. do. rough small | 23 495 | 1650
Dl:l. l'l!:],. " - T &
2 [ reaueigrte . f| » 17[% 10| Northumberland steamcont . . |16 | 430 [20%7
ARTIFICIAL FUELS (CLay &
Co.'s BOILER, &c.)
1881
43 Cory, Yeo & Co, . |DOect. 21 |7 35| Graigola Merthyr patent fuel . | (B 206 |11-26
14 Edford Colher:‘r Gumpany Mov.8 |8 0| Patent Sanitary fuel , 3 ; i 15 210 | 11-46
45 J. Hall, junr. & Co. Oct, 12 |65 0| Weardale Steam fuel , 3 . o §:19| 183 |17-30

— .,

sz e

._ﬂ_"_'-_ S i — .

! Epgine stopped for 20 minutes to cool bearings,

* Engine stopped three times for 1 hour 20 minutes.
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AND WELSH STEAM COALS—(continued).
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16

17
18

13?
201
220
23
24

26
26
27

29

30
3114
32
i3

34

35
36

REFUSE

WaTER EVAPORATED

BEunkE, BY SMOKE-SCALE,

Avernge AvTerage
Fuor 1b. of coal e, ﬂ."mﬁﬂ': ]L‘hlﬂ.h fm?;f:: h{:::l&m{::-
Cuaker | Ash | Tota | e, [Towpe| Togar | Por From | o |ATusge dumtion)  TU f dunee [dehrine
afconl” | xaiare Actual | "FRAT [ density firing | Visible |¥o smoke o=
] 10 11 12 13 14 15 16 17 18 19 20 21 29 23 24
: b, bz, Ibs. | per ct. [deg. .| cub. £t | cub, It b, T, No. No. min. | percent, | percent,| 1bs. deg. F.
32 B 86 549 5 197-90 | 24-09 g-04 | 11-84 Makes a little smoke, barely percep- -
2 tible, for a few minutes after firin } 634 | 4307
104 | 59 “59;, 564 | 56 |16520 | 2085 | 887 | 997 | . | e M R
9 | 59 | 687 | 506 | 55 [1650 | 2040 | 767 | 901 Smokeless 576 | 3307
0y | 46 | 46} | 879 | 50 |13580 | 2587 | 688 | 522 3 15 2 B0 | 950 | 524 | 4039
3 49 52 | 464 | 55 |[13460 | 2150 | 7-50 | 889 1 05 1 17 | 983 | 516 | 3200
O | 47 | 47 | 825| 52 |16810 | 2655 | 728 | &68 [ 24 | 10 | 1 17 | 38 | 51D | a6o-a
3 | 42 | 45 | 408 | 58 [127°30 | 2087 | T-09 | 841 1 05 1 17 | 983 | 561 | 2894
0 | 48 | 48 | 330 | 55 [2260 | 3120 | 969 | 1191 k. o7 | 14 21 | 979 | 570 | 3408
2 31 83 | 246 60 |[20440 | 2555 | 949 | 1133 3 LR] 2} 4#2 | 958 | 547 | 3805
2k | 88 353 | 817 | 60 |197-20 | 2404 | 1099 | 1306 & 1-3 1 22 | 978 | 598 | 2978
13 | 20 | 303 | 227 | 50 |19060 | 2677 | 885 | 1049 6 27 | 2} 66 | 944 | 648 | 4173
a1 o7 48 | 423 | 59 |21460 | 2680 | 11-91 | 14-21 3 13 1 17T | 983 | 605 | 3530
9 45 54 | 535 | B2 |176:50 | 2206 | 1093 | 1307 Smokeless 571 | 3182
1] 20 20 | 240 | 60 |16370 | 26-30 | 1225 | 1453 Smokeless 610 —
84 | 60 53k | 581 | 59 |[170-20 | 2702 | 10-54 | 1249 | . . Smokeless . . ., | 590 | 2093
4 | 44 48 509 | 57 (17170 | 21-9% | 1125 | 1346 2 | 10 | 1 | 17 | 953 | B84 | 28TT
124 | 53 | 65} | 651 | &6 |176:80 | 22:81 | 1095 | 1279 5RE | 2948
13 26 89 | 348 | 52} [163-10 | 2040 | 909 | 1084 | - . . Bmokeless 536 | 3385
284 | 42 | é5} | 449 | 57 |19970 | 2577 | 866 | 10-24 Smokeless . 546 | 3131
154 | 71 86} | 644 | 55 |16740 | 2139 | 778 | 930 BE0 | 3357
2 49 51 | 879 | 49 |192:80 | 2463 | 895 | 10:66 ] 1:3 1 22 | 978 | 627 | 3358
153 | 49 643 | 445 | 65 17830 | 2280 | 764 | 906 35 | 14 4 100 | 900 | 535 | fode
42 85 | 127 | 597 | 83 [400 BG-T0 | 1169 | 13-25 3 1-2 100 | 6 o4 Atmos, | 500 +
42 34 7 | 397 | 92 |33 8210 | 1087 | 12:22 1 2-2 220 | 13 87 Atmos, | 612 +
CE] g6 | 124 | 417 | 8o 400 8080 | 856 | 965 2 075 | 100 | 3 a7 Atmos. | 612 +
260 | 166 | 406 (1580 | 93 |369 710 890 | 100 b 090 | 101 a1 Atmos, | —
62 53 95 | 580 | 84 |321 770 | 11-14 | 12-62 4 180 | 370 | 24 76 Atmos. | 612 +
4 B8 | 42 | 267 | 6% |17880 | 2846 | 709 | 841 3 120 | 162 | 64 | 946 | 50006 | 3953
nil | 1560 150 393 | 57 |201-50 | 2520 740 H-HE [ 310 1-25 4 055 48-54 | 4096
—_ — - — | 122 11880 | 2340 | 787 | 87T 4 180 | 225 | 18 52 3500 | —

* Engine stopped 1 hour 5 minutes,

72

* Engine stopped for a few minutes,
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coal and slack. The evaporative efficiency, in this instance, was decidedly less than
that of the samples of round coal in the series.

No. 28 sample, Aberdare Rhondda, though not hard, yet burned slowly and
thoroughly, leaving a fine light-coloured ash. The flame was bright and white.

No. 34 sample gave a moderately long white flame, with considerable heat. A small
proportion of small coal and slack was in mixture,

No. 36, Duffryn Aberdare, was a friable sample. It burned freely, making a short
white flame. It swelled in burning, and appeared to collapse when touched.

No. 37, Lewis’s Navigation, burned rather quickly, with a short yellowish-white flame.

The tests, Nos, 38 to 42, of Northumberland steam coal and Nizon’s Navigation
coal, made with the Lancashire boiler at Brixton Pumping Station, were conducted on
the same lines as those which were made with the testing boiler at Bread Street Hill,
with the exception that the testing boiler at Brixton was isolated from the others in the
range, and the generated steam was blown off direct into the atmosphere, at atmospheric
pressure. The temperatures in the flue (column 24 in the Table) were proved approxi-
mately by the melting and the non-melting of pieces of metals. For the last test of
Northumberland coal, No. 42, the fire-grate was shortened from 6 feet in length to
33 feet ; the area was correspondingly reduced.

The fires were maintained at a uniform thickness of 6 inches with the longer grate,
and 8 inches with the shorter grate; and they were stoked at intervals of from 15 to
30 minutes for Nixon’s coal, and 15 minutes for the Northumberland coal. Each charge
weighed about half a hundredweight.

Of the artificial fuels tested, Graigola Merthyr fuel, No. 43, is of the usual composi-
tion of slack and pitch. The Sanitary fuel, No. 44, consists of 10 parts of slack to 1 part of
slaked lime. The lime is the cement, as well as the purifying agent, in combining with
and detaining sulphur and ammonia. The Sanitary fuel burns with a bright white ame,
without great heat. It takes fire readily, and lies quietly on the grate. The large pro-
portion of lime disengaged as ash did not involve any unusual degree of attention to
the fire, to keep the bars clear of lime. The steam was kept up, and there was no elinker.
The Weardale Steam fuel, No. 45, in bloeks weighing 181 lbs. each, is composed of the
finest North-country coal-dust and 8 per cent. of pitch. It did not demand any special
care in firing, and the steam was well maintained.

DEDUCTIONS.

Touching the relative behaviour of the anthracites and Welsh coals, Nos. 1 to 37 in
the Table, steam was kept up equally well and conveniently with the two classes of fuel,
for the periods of trial. But, for prolonged work, the labour of picking and eleaning the
fire in burning the anthracites was in general greater than for the Welsh steam coals,
The clinker of the anthracites was usually deposited on the fire-bars as a thin layer, like
a pouring of melted metal, which the slicer could not touch. After some hours of
continuous work, the fire-bars, especially about the mid-length of the furnace, became

red-hot, and the draught was weakened. In burning Welsh coals, on the contrary, the

fire-bars remained black, indicating the maintenance of a free draught; and clinker,
when formed, was easily separated. With Welsh coals, steam was got ug on Monday
mornings in three-quarters of an hour, and on other mornings in half an hour. Twice
these lengths of time were required for getting up steam with the anthracites. The
greater length of time required by anthracite fuel is readily accounted for by its
characteristically shert and evanescent flame, by which but a small proportion of heat is
carried., '

In conclusion, on the Clay boiler tests, it may be remarked that the fuel which may

ﬁ
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give the greatest degree of satisfaction to the intelligent stoker, is not necessarily the
most efficient for evaporation. A stoker places a high value on handiness, free-
burning, scarcity of elinker and ash, and on clinker, if there be clinker, that does not
cling. For these reasons, the Welsh steam coals, as a class, are preferred to the anthra-
cites.

Of steam coals, the Velindre Merthyr (Birch Rock), No. 22, the Mardy 4-feet Seam,
No. 24, and the Cwmaman Upper 4-feet Seam, No. 27, may be classed together as fuels
which unite in a high degree the qualities which are sought for by stokers; and, of
these, the Cwmaman coal exhibited the greatest evaporative efficiency.

Of the anthracites, the Brass Vein, Ystradgunlais, developed, as an anthracite, the
highest efficiency. It was not exceeded by any Welsh coal in efficiency, if the rather
exceptional test, No. 29, be omitted from the comparison. The sample of Dynant
anthracite, No. 16, ranked third in evaporative efficiency amongst the anthracites;
but it was probably, taken all round, the best sample of anthracite that was tested,
combining a high rate of evaporative efficiency with easy manipulation.

The four best samples of maximum efficiency, noticed above, are here placed
together, with their respective evaporative efficiencies :—

From and at 212° F,

No, 24, Mardy, Welsh steam coal | . . 11-33 Ihe. water per lb. of fuel
No. 27. Cwmaman, Welsh steam ecoal 14-21 1ha, 5 T
No. 7. Brass Vein, Ystradgunlais, anthracite . 14-23 1bs.  , o
No. 16. Dynpant, anthracite . . : « 1184 1bs. ,,

To form a general comparison of the fuels on the whole body of evidence, the leading
results of all the tests of steam coals and anthracites are embraced in Tabie XXVII.

TapLe XXVIL.—SUMMARY RESULTS OF TESTS OF WELSH STEAM
COALS AND ANTHRACITES.

Dt om0t | simote
Coal consumed per square foot of grate per hour E63 Iha. 10-21 lhs,
Refuse per cent. of coal : ; : : 5 : 423 p.c. 5320 p. e,
Water evaporated per hour - : : - 24-28 cub. ft.| 2461 cub. ft.
Water evaporated per 1b. of coal, from and at 212° F, 1095 1bs. 1005 The,
Avwerage pressure of steam, per square inch on the gauge. 52-31 lbe, 55090 1he,
Average temperature in the departure flue . | 835%5 F, 3776 T,
Maximum smoke-shade , - . : - - 260 0-00
Average smoke-shade - - . 1-10 000
Duration of smoke per hour . ' . ' . . 1-5 min. 00 min,
Number of tests . . . : . : - . 18 19

The comparison shows that the steam coals evaporated a little more water per hour,
and more water per pound of fuel in the ratio of 10°95 Ibs. to 10°05 1bs., or nine per
cent., than the anthracites. In order to supply the required quantity of steam, the
anthracites were burned off more rapidly than the steam coals, and in consequence dis-
charged more heat into the chimney than the steam coals, or the excess of 3775 F. of
temperature of escaping gases over 3355 F. This phenomenon is due to the paucity of
flame-horne heat from the combustion of anthracite, in econtrast with the greater volumes
of bright flame emitted in the combustion of the steam coals. The same total quantity of
heat may be generated in the two cases ; but more of it is launched by radiation against
the plate-surface of the boiler from a largely-flaming fuel than from a non-flaming fuel as
anthracite is, since flame is a radiator of heat, and there is a more prompt absorption of
the heat that is generated. As the heat is more promptly absorbed, the absorption is
effected in a larger proportion also, and consequently the burnt gases pass away at a
lower temperature,

The summary results of the three leading tests of Northumberland steam coal and
Nixon’s Navigation coal, are given in Table XXVIIL, on page 142. From this Table
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it appears that the Northumberland coal burned off more quickly, and evaporated
water more rapidly, than the Nixon eoal ; but that the Nixon coal was the more efficient,
as it evaporated more water per pound of coal than the Northumberland, and, cor-
respondingly, that the temperature at which the burnt gases of the Nixon coal lmga.:;:d
away was the lower., The smoke-shades for the Nixon coal are the lighter, and the smoke
lasted a shorter time. But the shades were so light, and the duration of smoke was so
short, that practically both of the fuels behaved as smokeless fuels. That there was a
smoke-making element in the Northumberland coal, was manifested by the result of a
gpecial firing. The door was kept closed after firing, so that there was no aceess for air to
enter above the fire. Smoke in consequence came away from the chimney ; and it only
vanished at the expiration of some minutes after the time of firing.

TapLe XXVIIL—SUMMARY RESULTS OF TESTS OF NIXON’S NAVIGATION
STEAM COAL AND NORTHUMBERLAND STEAM COAL.

Nizxon's Navigation | Northnmberland Nortlmmberlaad

Data (large grats) (large grate) (=mall grate)

Coal consumed per square foot of grate per hour
Refuse per cent. of coal . : : ¥ .
Water evaparated per hour

11-52 Ibs,
&97 per cent.
6670 cub. feet

16:73 lbs.
377 per cent.
8210 cub. feet

20-87 lhe.
530 per cent.
7700 cub. feet

Water evaporated }JLI Ib. of coal fmm m:-:l at 'Jl F. 13-25 1hs. 1222 |ba. 12:62 1ba.
Average pressure of steam per sq. in. on the gauge . . atmozpheric atmospheric ntmnaghcm:
kppmxnnnm temperature (Fahr. ) in the departum tlue . HO0P + 612" + G12° +
Maximum smoke-shada . : ; 5 . ; H 4 4
Average smoke-shade | , . : . 5 . 1-2 . 1-8
Duration of smoke per hour ; : : : : 36 min. 78 min. 14-4 min.
Number of tests . = 3 5 . 3 ; : 1 1 1

Moreover, when the fire-grate was reduced in area, the evaporative efficiency of the
Northumberland coal was augmented to 12-62 1bs. of water per lb. of coal, from and at
212° F., whilst it evaporated 10 cubic feet of water per hour more than the Nixon coal.
But it is known that, the greater the rate of gross evaporation of water, the less is the
evaporative efficiency ; and had the Northumberland coal been limited in the rate of
combustion, or in the rate of evaporation, to an equality with that of Nixon’s coal,
the evaporative efficiencies would also have been equal.

It may, therefore, warrantably be concluded from the evidence of these tests, that,
when the coals are treated aceording to their respective natures, and under the cir-
cumstances of the tests, the Northumberland steam coal was substantially of equal
evaporative power, efficiency, and smokelessness, with the Nixon’s Navigation steam
coal.

The evaporative efficiencies of the three artificial fuels were as follows :—

TapLE XXIX.

"UELS.—EVAPORATIVE EFFICIENCY.

Consumption per | Water evaporated
FUEL sguare foot of geate | per 1b, of fuel, from
per hoar and at 212° F.
Graigola Merthyr . . S 11-26 lba. 8-41 lhs.
Sanitary . . . . . 11-46 lhs, 8:88 lha.
Weardale . : : : : 1700 Ths. 877 lha.
Averages .. o 1:3:54 Ths. 869 1bs.

Taking the comparison—on but a very limited basis, it is true—it appears that the
artificial fuels made with coal-dust or slack are inferior in evaporative efficiency to either
Welsh or North-country steam coals.

D. K. CLAREK.

" ,_._,.1*.- T
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MANCHESTER SMOKE ABATEMENT EXHIBITION,

REPORT OF THE COMMITTEE.

HE Manchester Smoke Abatement Exhibition was the outcome of that at South Ken-
sington. The Committee of the Manchester Noxious Vapours Abatement Associa-
tion watched the progress of the Committee which organised the latter with much interest,
and the abatement of the nuisance produced by smoke being congenial to their special
aim, viz., the suppression of vapours from chemical and allied works, they willingly co-
operated with the London Committee, and, further, determined to continue the work
by endeavouring to transfer, as far as practicable, the Exhibition bodily to Manchester.
The London Committee cordially received this proposal, and, in the work of organising,
lent the Manchester Exhibition Committee valuable aid. A Guarantee Fund (the con-
tributors to which will, however, not be ecalled upon) of nearly 2,000/, was raised. The
Presidents of the London Exhibition (Prince Leopold and the Duke of Westminster)
accepted the same office in connection with the Manchester Exhibition, and the
experience gained by the Chairman of the London Committee (Mr. Ernest Hart), and the
Hon. Sec. (Mr. Wm. R. E. Coles, C. E.), was always available, and proved of the greatest
service. The Committee feel that they cannot too warmly thank Mr. Coles for the great
interest he took in their work, as indicated not only by his incessant correspondence,
but also by his frequent visits to Manchester to advise with them. The Local Committee
was formed of members of the Committee of the Noxious Vapours Abatement Associa-
tion, the local Nobility, Bishops, Clergy, Members of Parliament, Mayors, and other
Members and Officials of the Corporations of Manchester, Salford, and swrounding
towns, with a number of other representative men and influential citizens, The Mayor
of Manchester acted as Chairman of the General Committee, and Mr. Francis Greg
(Hon. Sec. of the Noxious Vapours Abatement Association) as Chairman of the Execu-
tive. The Corporation of Manchester materially supported the undertaking by grant-
ing the use of the Campfield Market, a handsome modern structure, for the Exhibi-
tion. They also gave the gas used for illumination free of charge, and accepted about
one-half the usual rate in payment for the gas used by the Exhibitors. Special acknow-
ledgment is due to His Worship the Mayor of Manchester for his sympathy with the
work and for his frequent advocacy of it.

The Exhibition was opened, on March 17, by the Mayor, who subsequently presided
at a luncheon at the Queen’s Hotel, where important speeches were delivered.

As a demonstration against the Smoke Nuisance, and as a comprehensive repre-
sentation of the most approved appliances for the prevention of smoke, the Exhibition
was a worthy offspring of that at South Kensington. It may safely be affirmed, too,
that it has exercised an important influence in educating public opinion in the district
of which Manchester is the centre, the population of the towns represented on the
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Committee and intervening districts being in round numbers about 2,000,000, The
total number of paying visitors who passed through the turnstiles was 31,563,
ecmprising 9,964 at ls., 14,608 at 6d., 6,991 at 3., and 388 by season and day tickets.
These figures show approvimately the class of persons who visited the Exhibition, a
large proportion of the admissions at 3d. and 6d. being of the working class. Every
effort was made to utilise the opportunities afforded by the collection of appliances for
gpreading information respecting them. In a lecture room specially fitted up for the
purpose, frequent addresses were delivered, and, in this conneetion, thanks are due to
the following gentlemen for their respective contributions :—

Rev. C. G. K. Gillespie, A.K.C., F.S.A.; on *The Domestic Application of -Heat,’
illustrated by numerous experiments.

John Angell, Esq., F.C.5., F.I.C., Science Master, Manchester Grammar School ;
lecture on ¢ Burning and Ventilation,” illustrated by experiments. -

M. Holroyd Smith, Esq., C.E.; lecture on ¢ The Mechanical F iring of Steam
Boilers,” illustrated by diagrams.

J. West, Esq., Gas Engineer to the Manchester Corporation ; lecture on * Burners,
and the various Gas Apparatus in use for Domestic and other purposes.”  Practically
illustrated. .

Thomas Armstrong, Esq., F.RAM.S. ; lecture on ¢ Some Modern Developments of
Seience.” Tllustrated by the oxy-hydrogen lime light.

A. Smithells, Esq., B.Sec., of Owens College ; lecture on * Combustion.” Illustrated
by experiments.

All the lectures, except one, were repeated for the benefit of audiences of the
working classes. Beside the above, a series of scientific experiments were conducted
four times each week, under the superintendence of Professor Core, of Owens College ; and
a continuous series of cookery lectures, in which the advantages of gas cooking received
due prominence, were delivered by ladies in connection with the Edinburgh Domestic
Eeonomy Classes. As another means of spreading information on the subject of Smoke
Prevention, a paper called The Exhibition Review was published by the Seeretary, Mr.
Fred Scott, to which interesting articles were contributed by Arthur Ransome, M.D., M.A.,
lecturer on Hygiene at Owens College, on ¢ The Smoke Nuisance—a Sanitarian’s View °;
T. C. Horsfall, Esq., on  The Social Aspect of the Smoke Question’; Rev. C, G. K. Gillespie,
AK.C., F.S.A., on ¢ Some Aspects of Smoke’; John Angell, Esq., F.C.5., F.L.C., on
¢ What is Smoke ? > A Lady, on ¢ The Smoke Question’; J. Maule Sutton, M.D., M.R.C.P.,
Medical Officer of Health for Oldham, on ¢ The Smoke Nuisance—a Medieal Officer of
Health’s View ’; J. Murgatroyd, Esq., F.R.I.B.A., on ¢ An Architect’s View of the Smoke
Nuisance’; A. Emrys-Jones, M.D., Hon. Sec. Manchester and Salford Sanitary Associa-
tion, on ¢ Smoke and Impure Air’; Leo. H. Grindon, Esq., Author of The Trees of Old
England, Manchester Flora, &e., &e., on ¢ A Naturalist on Smoke *; Francis Vacher, Esq.,
F.R.C.8., F.C.8., Medical Officer of Health, Birkenhead, on ¢ Noxious Vapours’; A Lady,
on ¢ Smoke, and its Effects on Health ’; Miss A. Romley Wright, on ¢ Cooking by Gas’;
and Professor Oliver Lodge, on * Electricity and Gas wersus Smoke,) The paper also
contained reviews of Novelties and Improvements, Correspondence, and paragraphs of
interest in connection with the Exhibition. As further means of utilising the Exhibi-
tion, a conversazione was held in the building, which was attended by nearly 1,000
persons, and visits were arranged for by such bodies as the Nuisance Committee of the
Manchester Corporation, the Health Committee of the Salford Corporation, the Man-
chester and District Union of Gas Engineers, the Bakers of Manchester and Salford (to
ee the operation of gas ovens), &e.

An interesting feature in connection with the Exhibition was the interest taken in the
work by representatives of the clergy, the Rev. Canon Woodhouse and Rev. C. G. K.
(iillespie being most active members of the Executive Committee. Mr. Gillespie, being
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curate of the parish in which the Exhibition was held, was enabled to devote special
attention to it, and, being a practical scientist, rendered valuable assistance in lecturing
and explaining to ladies and others the merits of the several appliances.

Special arrangements were made for a series of tests of articles exhibited, to be con-
ducted by Mr. D. Kinnear Clark, M.Inst.C.E., the Testing Engineer to the Committee,
on the lines of the tests which were conducted by him at South Kensington. The reports
of these tests form a valuable body of evidence.

The following is a list of the gentlemen who kindly undertook to act as Jurors :—
Mr. C. Estecourt, Mr. Herbert Fletcher, Rev. C. G. K. Gillespie, Mr. Francis Greg,
Mr. Alderman Harwood, Mr. T, C. Horsfall, Mr. John Littlewood, Mr. 'I. Newbigging,
Mr. John Ramsbottom, Dr. J. Maule Sutton, and Mr. D. Kinnear Clark.

It would be unpardonable to pass from the subject of means adopted for utilising the
Exhibition, without acknowledging the powerful and most important aid of the Press
of Manchester, and indeed the manufacturing districts generally. Lengthy descriptive
reports and articles, warmly commending the work which the Exhibition was meant to
illustrate, were freely given, and it is felt that this outcome of the Exhibition alone must
have an important bearing upon the welfare of the cause.

As regards the scope of the Exhibition, the promoters, recognising it to be the
general one of aiding to prevent pollution of the air by the produets of combustion,
were enabled, without any sacrifice of principle or straining of the plan, to admit of ex-
amples of many subsidiary inventions, some for diminishing the aectual production of
noxious vapours, some for at least readily removing such vapours when formed, and some
for so utilising what are commonly called waste products as to encourage the conservation
of what would if dispersed be injurious to the public welfare. Hence, in addition to the
strictly technical appliances for use in the combustion of fuel in factories, and the more
popularly understood arrangements for domestic purposes, visitors had the opportunity
of inspecting and associating with these a large variety of apparatus for regulating and
registering their action. Again, the economy of the use of various kinds of fuel received
illustration, as also the advantage of greatly diminishing the imperfection of combus-
tion of illuminating materials. The question of the utilisation of gas for yielding heat
and light was in many ingenious ways brought nearver to solution. As some injurious
products remain after even the most efficient attempts have been made for the healthy
warming of living-rooms, invention has been greatly stimulated to devise systems of
ventilation with the least loss of heat; and many highly meritorious forms of apparatus
were shown, some as parts of the heating apparatus, some of umiversal applicability
dependent in principle upon the action of the ordinary laws of heat.

Many of the constructions gave evidence of genuine scientific consideration by the
Judicious use of non-condueting materials, the disposal of air passages, the simplicity of
detail, and, in some special instances, the artistic excellence of design: evidence that
the general question has received much attention from practical men. It is peculiarly
gratifying to be able to note that even the brief interval between the London and
Manchester Exhibitions was employed by some Exhibitors at the former in the advan-
tageous modification of their appliances, which thus were presented in more efficient
forms at the latter.

The classification of the exhibits under their purposes, though sufficient to
enable visitors to find them as required, would here be but a repetition of the
contents’ page of the Catalogue. A more useful review, it is considered, will indicate
the principles applied to meet the requirements of each purpose with regard to the
genIeml demand for healthfulness and economy. Such an arrangement is here given in
outline,

_ Open Fire Grates : Devices Emnployed.—Top Feeding, with draught regulators direct-

ing warmed air and smoke through the fire ; with screens, blowers, or valves, enabling

slow or quick combustion ; and Bottom Feeding, by means of a shelved incline plane, a
U2
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movable base grating; a balanced capsizing basket, or a screen descending as the fuel
is burnt downwards.

Stoves and Kitchen Ranges.—Flues inseparable and unaffected by setting ; guided
g0 as to distribute the heat in the latter case over the greatest surface if needed, with
simple valves giving power of direetion; ratcheted base grating, rising when a smaller
fire is sufficient ; pipes for conducting the hot air apart from all contact with the fire ;
burners for gas and oil similarly fitted, with cold air inlet from outside the house, and
separate outlets for gaseous products and pure warm air. Some excellent sick-room
stoves on this principle were shown.

Under these two headings may be briefly noticed the skilful use of non-conducting
substances, of which several kinds were shown in the lining of reflectors, and the
direction of heat currents with least loss. In some instances air currents were esta-
blished in remarkably ingenious ways, to ensure almost perfect radiation from reflectors
and other surfaces.

Several forms of apparatus, applicable to both domestie and industrial purposes,
aimed at the precipitation and removal in solution of noxious acid and other products,
by passing the escaping vapours through water.

Ventilators.—Apart from systems included under the previous headings, and some
specially devised with extensive radiating surfaces, several mechanical ventilators
appeared, from small but effectual modifications of the Archimedean screw principles
worked by the chimney draught, to the fan for use in mines by steam power. In
addition were to be seen in the Domestic Section some inventions for imparting a
rotary or transverse motion to the vapour column by the action of any wind otherwise
hostile to its escape.

(Gus.—The manufacture of gas for heating and for lighting purposes, both from coal
and hydrocarbons, was shown in actual operation and by models of apparatus. In one
case the mon-luminous gas, produced by the decomposition of steam and air passed
through a coal fire, was used to work a singeing machine, a large oven, and an engine,
which, in its turn, drove a dynamo-machine, sustaining several electric lights.

For lighting, a large number of exhibits showed that much keen attention had
been given to the improvements with regard both to innoxious, i.e., complete combustion
of gas, and to the raising of illuminating power. The leading prineiple, the supply in
fitting quantity, and in the proper place and direction, of warmed air to the flame, was
shown in practice by many devices, all reducible in effect to three methods, introducing
(1) a cireular ground of burners yielding sufficient heat to generate from a chamber above
a ‘ regenerative ’ air-current ; (2) a modified Argand burner, having a second but shorter
chimney outside the usual one, the only inlet for air being the space between these; (3)
a pair of ¢ fish-tail> burners united to a joint supply, so that the flames can coalesce at
the upper edge of the ‘air of non-combustion,” which thus become much smaller. In
addition to these contrivances, many well-known, and some more recent, burners were
shown, having the object of () partly purifying the gas by means of a linen sieve, (b)
regulating the force of its escape by a permanently adjusted valve.

The leading features of the Industrial Division, in connection with the main object
of the Exhibition, consisted of Furnaces of special construetion, all practically dependent
upon the adaptation of the ¢ reverberating * prineiple, by means of internal bridges, plat-
forms, or party walls (in which good opportunity was given for observing the compara-
tive quality of fireclays), aided in most cases by special forms of fire-bars and of
Mechanical Stokers, of which nearly all were in action as when at work. For con-
venience, the latter two may here be grouped together, the objeet in both cases being
to ensure complete combustion within the furnace, while guarding against the fusing
together (clinkering) of the waste.

Methods employed with hand-firing included the use of fire-bars, having pyramidal
projections, causing the fuel to break up by its own weight as burnt; rocking sideways
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by jointed lever action; divided into sets of hand-shaped jointed flaps, capable in
each length of being moved upward by one connecting rod and lever, so as to push
the fuel forward and sift it. In the Mechanical Stokers the feed was, with two chief
exceptions, performed by means of a hopper, usually containing a mill for crushing the
fuel to uniform size, from which hopper it was conducted alternately to each side of the
furnace, into which it was forced by an iron flap connected with a wheel bearing
cams of irregular heights, between which and the flap-lever contact is preserved
by a spring powerful enough to jerk the fuel, when released from the highest cam, to the
far end of the furnace; by a plunger connected with a erank or an eccentrie; by its
own weight, through a sliding doorway at the bottom of each side of the hopper; in one
instance by a periodical air-blast ; and in another by a series of tapered screws revolving
in troughs between the gratings of the furnace floor. In addition to these modes of
introducing the fuel, among the means for continuing the feed and preventing the
formation of clinkers, the most prominent was the regular intermittent movement
of the fire-bars, for which the longitudinal direction was in nearly all cases that approved.
This was attained by means of a shaft, mounted with cams working in slots at the bar
ends ; with cams raising and lowering the bars as well as moving them to and fro; with
a series of cranks in its length, jointed to frames carrying the bars ; itself turned in the
lathe on several centres so as to become a set of eccentrics to which the ends of the
bars are strapped.

In all the departments, and especially in the Industrial, and the less necessarily
ornamental portion of the Domestic Division, it could be seen that simplicity, small
number, and accessibleness of working parts, and the easy renewal of wearing parts, had
not been omitted from the many considerations of invention and manufacture : and
this Exhibition may fairly be credited with having, to some definite extent, aided a large
section of the public, and those who cater for them, towards an extended knowledge
and satisfaction of the sanitary needs to which its origin was due.

The list of Awards recommended by the Jurors and passed by the Committee, is
contained in the Report of the Jurors. It is also given in the Report of the London
Committee, page 9.
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REPORT OF THE JURORS
(MANCHESTER EXHIBITION).

HE Jurors have the satisfaction of announcing that, in the Exhibition at Man-

chester, following elosely upon the South Kensington Exhibition, marks of improve-
ment were observable. They are pleased in being able to recommend for awards the
works of several local exhibitors; and they are of opinion that the articles which have
been submitted for testing, though comparatively restricted in number, are fairly repre-
sentative of the Exhibition in its entirety.

From the Reports of the Testing Engineer, it appears that eleven tests were made
of open grates and close stoves burning solid fuel, six tests of gas-heating grates and
stoves, five tests of kitcheners and cooking-stoves, two tests of Dowson’s gas-producer
and the application of the gas, and seven tests of steam-boiler appliances, comprising
three mechanical stokers; making together 31 tests, all of them distinctive of the
Maunchester Exhibition.

It is not necessary that the Jurors should enter into an analysis of the merits of the
various articles which were tested: a dutywhich has already been performed bythe Testing
Engineer. They confine themselves to a brief notification of such of the articles tested
as they recommend for awards to the Committee, as follows :—

LIST OF AWARDS.

To T. E. PARKER, London, for his Smoke-Preventing Grate, the ‘Vencedor,” being
an improvement upon the grate exhibited by him in London, Silver Medal.

To JarFRey & Co., Manchester, for their Smoke-Consuming Grate, being an
improvement on Ingram’s Kaio-Kapnos Grate exhibited at South Kensington,
Silver Medal.

To J. WapsworTH, Manchester, for his Close Ventilating-Stoves, burning coke, and
burning gas, Silver Medal.

To Toe FaLkirg IroN Company, London, for improved Coke-and-Gas Fire, and
Asbestos-and-Gas Fire, modifications of Dr. Siemens’ principle, Silver Medal.

To W. THorNBURN, Boroughbridge, for his Hot-Air Petroleum Stove, Honourable
Mention.

To E. H. SnorLAXD, Manchester, for the Manchester Close Stove (G. L. Shorland’s
patent), Bronze Medal.

To James Moorg, Bromley-by-Bow, for his system of Boiler-Seating with Perforated
Bridges and Steam Jets, for the prevention of smoke and for economy of fuel,
Bronze Medal,

To J. Hamrron, Loughborough, for his Fireproof Smoke-Consuming Bridge, Bronze
Medal.

+ -
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To B. GoooreLLow, Hyde, for Johnson’s Smoke-and-Fume Washer, Honourable
Mention.

To Hypes & WicruLL, Sheffield, for the ¢ Tortoise * Laundry-Stove, Bronze Medal.

To ELviort, ALstoN, & OLNEY, Manchester, for Senking’s Cooking-Stove, Silver
Medal.

To R. W. CrostHwAITE, London, for Close-fire Range, having Gregory’s Furnace,
Silver Medal.

To WappeLL & Maiw, Glasgow, for improved Gas Cooking-Stove, Silver Medal.

To CHArLES WiILsoN, Leeds, for improved Gas Cooking-Stove, Silver Medal.

To R. W. CrostEWAITE, London, for Gregory’s Smoke-burning Furnace, applied to
an upright boiler, Silver Medal.

To E. Bennis, Bolton, for his Mechanical Stoker, Silver Medal.

To THomas HENDERSON, Liverpool, for his Furnace-front and Fire-door, Bronze
Medal.

To MicueL PERRET, Paris, for his Multiple-Staged Furnace, Silver Medal.

The Jurors are of opinion that, as the test of the gas cooking-stove of John Wright
& Co., whilst it yielded generally good results, was made under the speecial condition of
a very contracted flue-way, with deficiency of ventilation,—it was not eligible for
competition for an award.

The Jurors recognise and highly appreciate the merits of the Non-Conducting
Composition exhibited by Joseph Kershaw & Co., and of the Gas Regulator exhibited
by James Stott & Co.; and they were prepared to recommend awards of a Silver Medal
to each of these exhibitors. But it had been ruled by the Jurors for the South Ken-
sington Exhibition that articles like those now in question, which were more properly
accessories than articles directly conducive to the abatement of smoke, were not
eligible for awards. The Jurors, therefore, limit themselves to an expression of their
sense of the very considerable merits of Kershaw’s Non-Condueting Composition and
Stott's Gas Regulator.
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REPORTS OF THE TESTING ENGINEER
(MANCHESTER EXHIBITION).

I. REPORT ON TESTS OF OPEN GRATES AND CLOSE STOVES.

:F{'JR the purpose of testing open grates and stoves, two rooms in a brick-built house

facing the Exhibition were prepared. The rooms were designated No. £ and No. 3
respectively, and were nearly rectangular. No. 2 room averaged 13 feet wide, 14 feet
long, and 9 feet 6 inches high. The door was in one side, facing the fire-place on the other
side, and the window, measuring 4} feet by 61 feet, was at one end facing the street, with
a southern aspect. No. 3 room averaged 13 feet 4 inches wide, and was 14} feet long,
and 9% feet high. There were two windows, 4 feet 4 inches wide, and 64 feet high, having
respectively a southern and an easterly aspect, one facing the fire-place, the other the
doorway. The chimneys were 14 inches square.

The rooms were prepared, and the tests were conducted, similarly to the testing-
rooms and the tests at the Smoke Abatement Exhibition, South Kensington. Ther-
mometers were suspended at three walls in each room—the wall facing the fire-place, the
wall in which the fire-place was constructed, and one of the side walls. They were laid
at three different levels: —at 6 inches, 5 feet, and 8% feet above the floor, numbering
altogether nine thermometers at the walls.

For the purpose of measuring relatively the radiating power of each grate or stove,
three pairs of thermometers were suspended at different levels, on an upright post,
placed at a distance of 6 feet from the front of the grate or stove. One of each pair
was suspended directly facing the fire, exposed to the direct radiant heat; and the
other was suspended back to back with the first, on the other side of the post, exposed
only to the atmosphere of the room. The difference of the indications of each pair of
thermometers was taken as a measure of the radiating power of the fire. The three
several pairs were placed at the same levels as the thermometers at the walls, The
temperature of the ascending current of smoke in the chimney was measured, at intervals,
by a thermometer which was introduced through an opening into the flue, at a height
of 8 feet above the floor ; and the upward velocity of the current was at the same time
measured by means of an anemometer passed through the same opening.

The classification of grates and stoves burning solid fuels, that was adopted at
South Kensington, is here followed in indicating the number of the class to which each
grate or stove is referred.

OPEN GRATES.
No. 1. A.C. Exgert & Co.—The ¢ Solo’ Grate : of barrel form (Class 1). This grate

was exhibited and tested at the South Kensington Exhibition, and it has already been
deseribed at page 50. It was differently managed when tested at Manchester, inasmuch

e
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as the grate was filled up with coal at the commencement of the test, and the coal was
lit at the top, and allowed to burn downwards, chiefly at the front, without disturbance.
The mass of coal was moved forward as required, by means of the internal adjustable
barrel-form plate. The ¢ Solo ’ Grate, it is stated, is eapable when once filled of burning
for from 20 to 26 hours without any additional supply of fuel.

No. 2. TuE Gas Merer Company.—W. Sugg & Co.’s Stove, burning coke ; portable
(Class 1). The fire-hars were nearly semi-circular, forming the front and the bottom
together. The draught passed upwards and through the back to the flue.

No. 3. E. H. Smorranp.—The ¢ Improved Manchester* Grate (G. L. Shorland’s
patent) (Class 5). The ¢ Manchester’ Grate, tested at South Kensington,has been described
at page 50. The improvement consists in the combination of a downward draught
through the grate with the upward draught.

No. 4. T. E. Parker.—The ¢ Vencedor > Downward-draught Grate (Class 5). As
tested at South Kensington, this grate has been described at page 55. Increased facility
is provided for the entrance of heated air at the lower back corner of the grate.

No. 5. Crarg, Buxnert & Co.—Ingram’s ¢ Kaio-Kapnos® Grate (Class 5). This
grate has already been described, page 54.

No. 6. Jarrrey & Co.—This grate (Class 2) is a modification of Ingram’s ¢ Kaio-
Kapnos’ Grate. The back and sides are blocks of fireclay. The floor also is of fireclay,
and is solid. The draught passes direct from the fire between a number of upright slabs
of fireclay, resting on the floor and reared up against the back; thence downwards
to the ashpit below the floor-slab, whence it passes through a perforated block of fireclay,
into a flue which rises behind the back of the grate and is enclosed with iron. Air
is admitted by a slit through the floor lump into the ashpit, to promote combustion
there. The draught may be partially directed upwards through the register. Stray
gases rising upwards, when the register is closed, pass off through two small openings
at the upper part, into a flue at each side of the grate, downwards into the ashpit,
whence they pass through to the back flue. (Plates 68, 69.)

CLOSE STOVES.

No. 7. W. BartoN.—The ¢ Premier ’ Stove (Class 6): already described, page 58.
The stove tested in Manchester was 10 inches in diameter inside,

No. 8, Hypes & WiGruLL.—The * Tortoise * Laundry-Stove (Class 6). The *Tor-
toise * Stove, for heating rooms, has been deseribed, page 56. Adapted for the laundry, the
stove is eight-sided, 8 inches wide inside, and standing 32 inches high. It is made with
three tiers of shelves or brackets, on all sides, capable of holding 24 irons at once for being
heated. (Plate 67.)

No. 9. A. C. Excert & Co.—Baker’s oven (Class 6): designed as an auxiliary to
ordinary bakers’ ovens. It consists of an iron box which is pushed into the furnace-
mouth, holding the coals to be consumed. It is entirely close except at the inner end
from which the products of combustion pass into the oven. The air for combustion is
admitted at the front, through holes in the lower side.

No. 10. E.H. SHorLAND.—Warm-Air Ventilating-Stove, for large buildings: (G. L.
Shorland’s patent) (Class 6). A cubical stove, having a casing of cast-iron, made with
gills externally, 4 inch deep. The fire-place is square, and is enclosed at the sides and
the back by air-warming chambers. A few steel turnings are suspended in the fire-place,
which, becoming red hot, are expected to be useful in burning smoke., Fresh air is led

s



152 REPORTS OF THE TESTING ENGINEER (Manchester Exhibition).

into a shallow reception-chamber at the base of the stove. Thence it passes upwards
through the air-warming chambers, which are made with partitions by which the air is
caused to ascend in a zigzag course. The air passes from the upper parts of these
chambers into pipes, which rise from each side, and from the back, meet at the middle of
the stove over the fire, and deliver the warmed air into a shallow receptacle on the top
of the stove, whence it passes through numerous openings into the room. These open-
ings are formed by short pieces of tube which are fixed to the bottom of a shallow tray
containing water, and rise through the water. By this means, moisture is distributed
with the air into the building. The products of eombustion are led away through a
descending flue at the back, under the floor. (Plate 67.)

No. 11. J. Wapsworta, —The ¢ Pioneer,” a Warming, Ventilating, and Cooking

Apparatus: a close stove (Class 6), burning coke. The stove is cabical, of charcoal iron_

sheets, 36 inches high, 20 inches wide, 16 inches deep. The fire-place, which is at the
bottom, is 7 inches by 6 inches, and 7 inches deep, grated in front, with a hob-plate at the
top, having a 6-inch opening, with a hinged cover. The fire-place, indented into the casing,
and flush with it, is enclosed and over-arched by plating, so as to leave a space above the
hob for cooking. It is enclosed in front by a lean-to, paned with tale, to let the fire be
seen. A sliding damper is fitted at each side of the fire-place, under the hob, to regulate
the draught which passes off from the fire-place into the interior of the casing, where air is
heated. The air to be heated comes from the external atmosphere, through a pipe, and is
delivered into a shallow chamber at the base, whence it passes upwards through five
flat conduits 30 inches high, of which three are 5 inches by 1 inch, and two are 3 inches
by 1 inch. Air from the room, near the floor, is also admitted at the base of the stove,
to pass up through four conduits, 5 inches by 1 inch in section. Through the nine
conduits here noticed, the air passes upwards within the casing, enveloped by the hot
gases from the fire. The air becomes heated as it ascends, and is distributed warm
into the room through numerous apertures in a shallow chamber at the top, in which
the heated currents of air are collected. Foul air is collected from the upper part of
the room, through a ventilator, and is conducted by a pipe in the chimney, where it
becomes warm as it descends, and is delivered below and above the fire, to supply air
for combustion. The products of combustion pass away through the hack of the stove,
at the level of half the height of the stove, into the flue to the chimney. Stray gases
and fumes from the hob-plate are conducted through the crown of the arch enclosure
into the flue-pipe. Cooking can be effectually conducted on the hob; and, by enclosing
the space over the hob, small joints can be roasted.

GAS HEATING-GRATES AND STOVES.—COMBINATION FIRES.

No. 12. TaE Gas Merer Company.— W. Sugg and Co.s Gas-and-Coke Stove :
An ordinary portable grate, in which coke is heaped, and is ignited by means of a line of
Jets of gas at the front, between the bars of the bottom grid.

No. 13. TaE FaLgirg Irox Company.—Register Grate, having a gas-and-asbestos
fire, on amaodification of Dr. Siemens’ principle. The fire-place is 18 inches wide at the front,
and 13 inches at the back, and is 44 inches deep from front to back at the grid, and 5§
inches at the upper bar. The upper bar is 5 inches above the grid. The fire-bars are made
of great depth—31} inches—in order to heat the air for combustion as it passes up between
them. A row of ten atmospheric burners is placed at the front, beneath the fire-bars,
each burner being carried on a separate branch or nozzle-pipe, which passes up, in each
alternate interspace, between the bars, and delivers the jet of gas at the surface of the
grid.  An additional jet is placed in the middle near the back of the grate. The back
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is of firebrick, 2} inches thick, and is perforated for the passage of air from behind the
back into the body of the fire, to aid in completing combustion.

No. 14. ToE FaLkirg IroN CompaNy.—Register Grate, having a gas-and-coke fire,
on a modification of Dr. Siemens’ principle. The fire-place is 18 inches wide at the front,
and 11} inches at the back ; 7] inches deep from front to back at the grid, and 8 inches
at the upper bar. This bar is 5 inches above the bottom. The back and sides are of iron.
The fire-bars are 3% inches deep, and are undercut at the front, to make room for the
gas-pipe, which lies within half an inch of the surface of the grid. From this pipe ten
atmospheric jets are delivered between the bars, directed upwards, at an angle backwards,
into the body of the fire, made up of coke. On this system, the air and the gas are
heated previously to their entering into combustion. (Plate 67.)

No. 15. W. T. Bragam.—Warming and Ventilating Gas Stove: a cubical
case 16 inches high, 12 inches wide, and 8% inches deep; with a cover forming a
shallow chamber on the top, for the distribution of warmed air. Aline of atmospherice
gas jets is placed at the bottom, the flame and gases of which rise into a box containing
asbestos, from which the burnt gases pass off at the back, at the upper part, into a flue.
The bottom of the box of asbestos is sloped upwards at the front, and is grilled, in order
that the gas-flames may pass amongst the asbestos, at the same time that heat is
radiated through a mica door in the front of the case into the room. The back of the
asbestos-box is a hollow chamber, 2] inches wide for the whole depth, into which fresh
air is admitted ; and from which the air, after having been warmed, is delivered, through
two openings at the top, into the distributing-chamber already mentioned.

No. 16. J. WapsworrH.—* Pioneer’ Gas-Stove. The case and the air conduits are
designed similarly to the coke-stove No. 11. The heat is produced by burning
atmospheric gas in a ring of jets enclosed in a small fire-chamber, placed as in the coke-
stove, with a small quantity of asbestos to make a lively appearance, The case
measures 30 inches high, 17 inches wide, and 13 inches deep; and contains eight air-
conduits, in passing through which, external air, and air from the room, are warmed.
The foul air at the upper part of the room is not extracted as with the coke-stove, but
the products of combustion are all discharged into a flue.

PETROLEUM HEATING STOVE.

No. 17. W. TrorxpURN.—Petroleum Heating-Stove, No. 2. The gaseous products
from two petroleum lamps, fitted with 1-inch duplex burners, ascend into an upright
cylindrical heater immediately above the lamps, in which fresh air from the room is
warmed. For this purpose, the heater is double, consisting of two concentric eylinders
made of block tin, enclosing an annular space; the inner cylinder being traversed by
twenty {-inch copper tubes in four tiers, through which the air in the annular space is
eirculated. The tubes are slightly inclined, so as to determine a regular circulation
of air. The inner cylinder is 6 inches in diameter and 12 inches high, the outer
eylinder is 7 inches by 14 inches, enclosing an annular space about % inch in width, anda
shallow space 1 inch deep between the bottoms of the two cylinders. The glasses of
the two lamps enter each into a short tin tube a little larger in diameter than the
glasses, fixed to the bottom of the heater. The products of eombustion pass into the
inner cylinder, together with a proportion of free air passed in around the glasses, in order
to insure completeness of combustion and absence of smell. The hot gases part with their
heat to the inner cylinder and to the transverse tubes, by which the air in the annular
space and the tubes is warmed, and they pass off through a perforated plate at the top
into the room. The warmed air passes off at the upper part of the annular space into
the room, and is replaced by air from the room, which enters the shallow interspace at
the bottom, through three -inch holes, and passes to the annular space. (Plate 69.)

x 2
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TasLe XXX.—RESULTS OF TESTS OF OPEN GRATES

Ko, | Ko.of Time
of testing Date Hame of exhibitor Description nnder
test L] trial
1 2 3 & 5 a
1882 OPEN (GRATES. ; h. m,
1 3 |April2d | A. C. Engert & Co.. . | *Bolo " Grate, barrel form {(Class 1) . : - .16 0
2 2 » 25 | The Gas Meter Company. | W. Sugg & Co.’s Stove, burning coke (Class 1) , 6 0
- ‘Improved Manchester ' Grate, (G. L. Shorland’s
3| 2 , 27 | E.H.Shorland . . { Dty (T By T 11 4 80
4 2 May 38 | T.E. Parker . : . | * Vencedor * Grate {L—lnss 5) : - . .5 0
5 3 » 4 | Clark, Bunnett & Co. . | Ingram’s ¢ Kaio-K mguna * Grate (l.'fl,n,ss 2) . . 6 0
6 3 » 8 | Jaffrey & Co, . - . | Firebrick lining and floor (Class 2) . - : .|]6 0
Crose StovEs.
7 3 |[Apnl27 | W.Barton . . .| ‘Premier’ Stove (Class @). . 4 30
H 3 nw 20 | Hydes & Wigfull . . | ¢ Tortoise * Laundry-Stove {Glaas ﬁ} . . 6 0
9 3 | May 3 | A.C. Engert & Co. . | Baker’s Oven (Class 6) 2 30
10 |Exhib , 6 | E. H. Shorland . . | Warm-Air Stove (G, L. Shorland's patenl;} {Gias.s 6} 5 0
11 3 w9 | J. Wadsworth . . | * Pioneer’ Stove (Class §) . . ; - . B b
TaeLe XXXI.—RESULTS OF TESTS OF GAS
Ha. Ko, of : Time
of testing Data Nams of cxhibitor Description umnder
toat Tl trial
1 2 3 & 5 a
1882 h. m.
12 2 April 28 | The Gas Meter Company| W. Sugg & Co.'s Gas-and-Coke Stove . . 6 0
13 ] o t| July & % Th;ﬂ{:;ll:u'k ;:.-c-u {?um- Register Grate, gas and asbestos . . . .|5 0
14 Do, 5re 1B Do, do. . | Register Grate, gas and coke . AR . .| 5 0
15 2 May 6 | W.T.Braham . .| Ventilating GasStove . . . . . .|bD4b
16 2 » 9 |'J. Wadsworth . . |“Pioneer®GesStover o & & | & e a0
PETROLEUM SIOVE.
17 3 April 28 | W, Thornburn . . | Petroleum Heating-Stove,No.2 . . . .|6 0
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AND CLOSE STOVES FOR HEATING,

1882. (MANCHESTER.)

FUEL COXSUMED TEMPERATUHES CHIMXEY BEMOKE-SHADE
Difference due
Coal or coke e i

-3 1 At walls 5 feet high |55 DR, Vecttys! | Temperature
of Ash from fire. Total Ave-
test | Wood Total E;T:Ih = = = = = o rrl::::t

t Y= V= Vi Wi rage

e e | come | e | rage, | et | vmge, | TORY | age, | LU | rage, 2l

Deseription Weight ment | 8¢ | hour | ™E° | hour | T | honr | TC | hour
7 8 t) 10 11 | 12| 13| 14 | 156 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
oz lb. oz | Ib.oz |Ib.os | Fabr. | Fahr. [ Pabr. | Fabr. | Pahr, | Fahr, | f 060 f 0F) poye | panr, | No. | Mo,
1|24 Silkstone. |26 0 |4 5}| — | 520|541 61| 786 16:3| 220 [1237 |132+4 1430 |160-0| 123 | 0-0
3 [Sal B tletens ) 8 311 4 8|1 2501|532 627| 673] 130| 1680|1025 1058 1104 1317 | 077 | 00
2| 10 Silkstona . | 27 B (4 9{- 1 511 | 540 727 | 869 | 14-3| 22-3 18376 | L4333 |224-6 (2500 1-46| 00
41 24 Do, 2] 8 |4 43|10 8| 59-7| 590| 817 | 905| 137 | 128| — — 3300 — | 047 | 00
5116 Do, .|38 8 |6 88| — | 601 | &3-7| 71-1| 802 170 198 1270|1281 3000 | — | 1-23]| 10
6 |16 Do, 23 6 (31 4| 608 587| T1-8| 78:0| 13:5| 157 (1411 | — [240:0 |240-0| 1-35| 067
7|16 Colke 25 8 |5 104 (8 8] 5211 525 B0-4| 588 T T0 1500 12000 2839 |256:T | 0-50| 0D
8|24 Do, .|2012 |4 154|1 4| 441 517 | 750 811 T 78| — — e — | OdG | 00
9 8 Silkstone . 7 0 |2 13 —_ — — — — —_— — — — — —_ G| 00
10 | 24 5 ];];:;. 20 4 |6 1 |010] — - —_ —_— — — (1154 — [B000) — | 1-05]| 0D

ilkstone ) = ; - : | : :

11l 8 ]l oore™® |14 of[2 158|012 547 835 674 | 730 ga| — | — | — | — | o80f 00

HEATING-GRATES AND STOVES, 1882,

(MANCHESTER.)

FukL CoxsuMED TEMPERATURE
Difference due to
- At walls 5 feet high radiation, & foct
ng. Cuaantity of [Time burning fromm fire, § feat high
Sk ™ EAs consnmed Eas
Drescription Weight Ash m;:. Extornal
“‘]‘;Lﬁ'l Total Avornge, Tatal Averape,
R BYETAZE last howr average  [last haar
T 8 2] 10 11 12 13 14 15 18 17 18
. oz Ih, oz | peret. cub, ft. h. m. deg.F. | deg. F. deg. F. deg. F. deg. F. | deg. F.
12 | Coke . 6 8 | 012 | 113 25 03 |5d5| 533 | ohe | 7i4 70 | 70
13 | Ashestos e — —_— 219 5 O G633 | 655 718 745 a5 1010
14 | Coke . 15 b 1 & 73 80 0 &0 G642 G625 749 800 155 170
15 | Ashestos —_— —_— — 61 b 45 680 | G0 G687 721 05 1-3
16 Tio, —_ — — ars 4 0 660 | 580 646G G50 06 05
Petrolenm Potrolenm
1b. oz h. m.
17 -— - — — 1 8 6 0 541 | B27 620 636 _— _—
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RESULTS OF TESTS OF OPEN GRATES AND CLOSE STOVES.

The results of the tests of grates and stoves are given in Tables XXX. and
XXXI. (pp. 154, 153), in which are comprised the results for eleven grates and stoves
burning solid fule, five grates and stoves burning gas, or gas and coke, and one petro-
leum stove ; making together seventeen tests. The tests were condueted in the rooms
already de*-:::nher'[ with the exception of No, 10, which was conducted in the Exhibition
building where the stove was exhibited ; and I\' o0s. 15 and 16, which were conducted in
a room at 67 Upper Thames Street, London, measuring 15 feet by 14 feet, and 8 feet
9 inches high, where the grate was placed in one corner.

The supply of gas for the tests made in Manchester was obtained from the Gas
Committee of the Manchester Corporation.

DEDUCTIONS.

The leading results of the tests are abstracted in the following Table (XXXII.), for
direct comparison. The average rise of temperature per pound of fuel per hour, with
the smoke-shade, are given for Nos. 1 to 11, in which solid fuel was consumed. For
the gas-heating and petroleum grates and stoves, Nos. 12 to 17, the quantities con-
sumed and the elevation of temperature are given; also, in two instances, the elevation
of temperature per cubic foot of gas.

In T. E. Parker's * Vencedor’ Grate (No. 4) the good effects of the increased
facility provided for the entrance of warmed air at the lower back corner of the grate, is
made apparent in the very light smoke-shade by which the performance at Manchester
was effected, relatively to the smoke-shade at South Kensington.

No. 5, by Clark, Bunnett & Co., and No. 6, by Jaffrey & Co., afford an in-
structive contrast ; showing that No. 6 did one-half more heating duty per pound of
coal eonsumed. The grates act on the same prineiple, having a backward and a down
ward draught, over and through firebrick pieces. But there is a difference in detail :
in No. 5, the current passes undivided over the back and under the bottom ; whilst in
No. 6, the current is divided into numerous streams, passing between the sections or
ribs of the back, and also through the grid under the bottom, leading to the flue.

The close stoves burning solid fuel manifest a higher degree of efficiency than the
open grates :—conformably to the experience at South Kensington.

No. 15, W. T. Braham’s Gas Stove, and No. 16, J. Wadsworth’s Gas Stove, show, by
contrast, the advantage, in the second instance, of fully developing the area of surface
for heating air, where 17 per cent. more efficiency is obtained than in the first instance.

The Petroleum Stove of W. Thornburn shows a very high degree of efficiency—an
average rise of 37° of temperature for 1 Ib. of petrolenm consumed per hour. But a
large proportion of this rise results from the detention of the products of combustion in
the room, and their intermixture with the atmosphere of the room. It is maintained
that the discharge of such gaseous products of petrolenm into a room is harmless; but
it cannot be disputed that a purer atmosphere would be maintained if the gaseous
products of combustion were ejected from the room.
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TapLE XXXIL—FUEL AND RISE OF TEMPERATURE IN GRATES AND
STOVES. (MANCHESTER.)

Average rise of temperature Arerats
" Exbititor e e wmoke-
test P* Total I'r:rpihr. ];:gui;uel shade
OrEx (GRATER. 1te. Fahr. Fahr.
1| A O Engert& Co. . . .| coal 432 13 278 123
2 | The Gas Meter Co. (Sugg's grate) . 41 22&\ }4‘50 95 211 77
3 | E. H. Shorland (. L. Shorland’s
tent) ] > . ! .| ecoal 4:58 187 409 1-46
4 | T. E. Parker . : ; ; .| eoal 4:380 2.7 528 0-47
5 | Clark, Bunnett & Co. . : .| coal 642 144 224 1-23
G | Jafirey & Co. . ; - : .| ooal 300 1531 896 1-35
Crose SBroves.
T | W. Barton . : ; ; «| coke &G5 270 493 050
8 | Hydes & Wigfull . ; ; «| coke 495 23-3 471 046
91 A. 0. Engert & U, . ! .| coal 281 — 160
10 | E. H. Shorland (G. L. Shorland’s
pﬂ.tﬂﬂl’-] N P ¥ ] " GUI‘II E-Gﬁ —_— - l-ﬂﬁ
1|0 Wadsworth . . . ,} col 1297 139 468 080
Gas Heating-GRATES AND STOVES, S
12 | The Gas Meter Co. (Sugg's grate) 1 E':‘n: L0 b E 133 = e
13 | The Falkirk Iron Co. . : : g—a.;: ﬂ.ﬂéﬁ i‘.ll.:b ft. [ G i —
coke 830G 1b ;
]."i: DD. l:il}. “ [ . gﬂ,‘i G,w (:I.Il}- rt' L ]2 4 — —
15 | ‘W, T. Braham : i : .| gas 1060 cub. ft. 87 0-82 per c. ft. —
16 | J. Wadsworth . . : .| gas 690 cub. ft. 66 |006 do. —
Perrorrusm Srove.
17 | W. Thornburn : ' ! . | Petrol. 0-25 Ib, o3 372 per 1b. BET
D. E. CLARE.

Nore,—THe Maxcmester Stove (G. L. Shorland’s Patent), tested at Manchester (p. 151).

Tais stove was specially tested for combustion of fuel without smoke, and chimney draught and
temperature, But observations were taken, at the same time, of the temperature of the air which was
heated in the stove, and the velocity of its discharge.

The stove was cold, and the fire was lighted, at the commencement of the trial, which lasted five
hours, when the external temperature was 50° Fahr, The temperature of the heated air, as discharged,
rose from 63° at the commencement, to 120° an hour later, 230° two hours later, and 280° three bours
later. During the succeeding two hours of the special trial, the temperature varied from 380° to 440°,
and it could have been so maintained eontinuously, if it had been desired, for any length of time, at the
same rate of combustion of fuel as during the special trial.

It may be mentioned that after the special test was concluded, and the fire had been drawn, heated
air continued to flow from the stove, and was as high as 120° in temperature four hours after the test was
coneluded.

The velocity of discharge of the heated air averaged 120 feet per minute during the trial, making a
volume of 13,000 cubic feet of heated air delivered per hour.

The stove, it may be mentioned, is lined with fireclay, and is adapted for burning any kind of fuel.

D K. C.

*x 4
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II. REPORT ON TESTS OF KITCHENERS AND COOKING-STOVES.

Four kitecheners and cooking-stoves were tested, of which two were coal-burning and
two were gas-burning, as follows :—

1. Euuorr, AusroN & OLNEY: Senking’s Cooking-Stove No. 1 B B.—It is self-
contained, 38 inches wide, 29 inches high, and 26 inches deep. The upper part, under
the hot plate, is occupied by the fire-place at one end—S8 inches wide, 5 inches high,
and 13 inches deep; a copper side-boiler, holding 21 gallons, at the other end ; and a
roasting-oven, 14 inches by 9 inches high, and 24 inches deep, in the middle. The
lower part contains a baking-oven. The stove was tested, May 10, 1882, by the roast-
ing of a sirloin joint weighing 11 1bs. 3 oz. It weighed when roasted 8 lbs. 4 oz, ;
the dripping weighed 1 lb. 11 oz.; together, 9 lbs. 15 oz.; loss of weight, 1 1b. 4 oz,
being 11 per cent, of the gross weight. The joint was fairly well done. The tempe-
rature attained in the oven varied from 265° F., at the commencement, to 400° when
the joint was withdrawn ; the period of cooking being 1 hour 25 minutes. The oven
was heated up again for pastry, to upwards of 400°, and maintained at that temperature
for 12 minutes. The guantity of eoal consumed was 8} lbs. (Plate 70.)

2. R. W. CrostawarTE.—Close-fire Range, having C. B. Gregory’s Smoke-burning
Furnace, set in brick flues at the ends. It is 5} feet wide, 30 inches high, and
19 inches deep. The fire-place is in the centre, with the baking-oven to the left hand,
and the roasting-oven to the right hand. For the baking-oven, the draught is conducted
from the fire-place down the side of the oven, under the bottom, up the outside, over the
top, and thence to the flue. For the roaster, the draught is over the top, down the
outside, under the bottom, and up the back, to the flue. The fire-place is 11 inches
wide, having an inelined grate landed on a horizontal grate, fed from a hopper at the
front, whenee the coal falls as it is consumed. The sides, the back, and the roof are of
fire-tiles, Air from the front is admitted at each side, outside the fire-tiles, whenee it
passes over the top, and to the back. It is delivered in two streams, at the throat of the
furnace, to meet the current of combustible gases rising from the furnace, in front and
at the back ; and so combustion is completed.

This range was tested, July 8, 1882, at 153 Queen Vietoria Street, London : roast-
ing a sirloin joint weighing 12 lbs. 13 oz when it was laid in. The joint weighed
when roasted 9 lbs. 54 oz.; the dripping weighed 2 lbs. 21 oz ; together, 11} lbs.
The loss of weight was 1 1b. 5 oz., or 11} per cent. The joint was roasted in 2 hours
10 minutes, and it was very well done. Twenty-four minutes more were allowed
for heating up the oven and maintaining the temperature at 400° F. for pastry. The
total quantity of coal consumed was 10 lbs. 13 oz. If the joint had been drawn
ten or twelve minutes earlier than it was drawn, it would have been sufficiently well
done, and the whole of the work of the test could probably have been performed with a
eonsumption of 10 lbs. of coal.

3. CHarLES WiLsoN.—Gas Cooking-Stove, of type 4, already defined (p. 109) as
being heated by atmospheric jets inside at the bottom. In this stove, compared with
that of the same exhibitor which was tested at South Kensington, the speciality is that
it is encased at the sides and the back by a douule air-jacket—each air-space being
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#-inch wide—instead of only one air-jacket, as before, and that the number of jets of

s has been reduced from 24 to 15, of which 8 jets are on one side, and 7 jets on the
other side. The oven is 15} inches wide, 27 inches high, and 16 inches deep. It was tested
April 28, 1882, roasting a sirloin joint weighing 12} lbs. when put into the oven. The
joint weighed 10} 1bs. when withdrawn ; the dripping weighed 9 oz.; making together
10 lbs. 13 oz. ; showing a loss of 1 lb. 11 oz., or 13{ per cent. The stove was heated
to 250° F. in five minutes ; the joint was in the oven for 2 hours, when the temperature
was 380°. The temperature was raised to 390° at the end of twelve minutes, the time
allowed for pastry. The total time during which the gas was burning was 2 hours
12 minutes, during which time 274 cubic feet of gas were consumed. Of this, 25 cubic
feet were consumed in heating up and roasting. The joint was very well done.

4. WappeLL & MaiN.—The ¢ Universal Domestic’ Gas Cooking-Stove, No. 2 : of the
same class of gas-stove as that which was tested at South Kensington (see p. 109),
32 inches high, 161 inches wide, and 15} inches deep externally; and 22 inches high,
131 inches wide, and 14 inches deep internally. It islined with fire-tiles, and is heated
with 18 white-gas burners at the sides and the front and back. This stove was tested,
May 8, 1882, in roasting a sirloin joint 12 lbs. 1 oz. in weight. The joint weighed
when withdrawn 9 lbs. 6 oz., and the dripping 1 1b. 9 oz.; making together 10 1bs. 15 oz.,
showing a loss of 1 1b, 2 oz., or 9-30 per cent. The time required to heat the oven to
280° F. was 12 minutes; to cook the joint, 1 hour 44 minutes; to heat up for and cook
puff pastry at upwards of 400° 18 minutes; for the whole operation, 2 hours 14 minutes.
The quantity of gas consumed was 29 cubic feet ; and the joint was very well done,

5. Jonn WricHT & Co.—Gas Cooking-Stove, of the same class as the gas stove
exhibited by the firm at South Kensington (see page 110). The oven is 14 inches
wide, 14 inches deep, and 28 inches high ; encased in slag wool. A sirloin joint weighing
11 Ilbs. 14 oz. was roasted in 2 hours 5 minutes; and it weighed when taken out 9 Ibs.
The dripping weighed 14 1bs., and the loss in weight was 1 1b. 3 oz., or 10 per cent. The
temperature when the joint was taken out was 400° F. The oven remained under gas
for 12 minutes longer to allow for pastry. The quantity of gas consumed was 2268
cubic feet; and the joint was very well done. The outlet flue-pipe, 2 inches in
diameter, had been reduced at the exit to a small opening §-inch in diameter. The
ventilation was thus impeded, and a close smell was caused in the testing room.

DEDUCTIONS.

These results of tests for cooking sirloin joints are excellent. The Close-fire
Range of R. W, Crosthwaite, with Gregory’s Furnace, is particularly good, although it
has but very recently been introduced. Its operation will no doubt be improved as
experience is gained ; and it is likely to take the lead for economy of fuel.

The efficiency of Charles Wilson’s Gas Cooking-Stove appears to have been augmented
in consequence of the employment of a double air-casing. For, whilst with the double
casing, tested at Manchester, only 274 cubic feet of gas were consumed, with the single
casing, as tested at South Kensington (p. 110), 454 cubic feet of gas were consumed.
Waddell & Main, in testing an oven at Manchester of the same description as that
which was tested at South Kensington, consumed much less gas than before: 29 cubic
feet against 45 cubic feet. The saving of gas is apparently accounted for by the dif-
ference of time: 2 hours 14 minutes against 3 hours 3 minutes at South Kensington
(see p. 110); together with improved ventilation and escapement.

D. K. CLARK.
Y



160

IIT. REPORT ON TESTS OF DOWSON'S GAS-PRODUCERS.

Tae Dowson Ecowomic Gas Company’s Gas-Producer was tested at Manchester for the
production of gas, For the sake of convenience, the report on the results of the test,
and the report on the Gas Singeing Machine exhibited by Jeseph Robinson & Co., have
been grouped with the reports on the working of an ¢ Otto’ gas-engine and the heating
of large roasting-ovens by Dowson Gas at South Kensington, at p. 112. (Plate 65.)

D. K. CLARK.

e
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IV. REPORT ON TESTS OF STEAM BOILER APPLIANCES.

No. 1. J. HamproN.—Fire-proof Smoke-Consuming Bridge: a hollow bridge of cast-
iron, sloping backwards towards the flue. The lower part of the flue at the bridge, or back
of the furnace, is closed by a cast-iron plate. To this plate is bolted the bearing-plate,
which carries the upper or hollow part of the bridge forming the back of the furnace.
This upper part is made in two pieces, for easy erection and easy removal. The front
portion is made with numerous perforations, through which a supply of air from the
interior—heated to a greater or less extent—is delivered in streams into the fire-place,
Eﬂlmingle with the gaseous products of combustion, for the purpose of consuming them.
Plate 70.

This bridge was examined and tested at the works of Messrs. Chidley, Phillips &
Co., distillers, Stratford, on July 11, 1882, where it was at work on the steam boilers,
The boiler to which attention was directed was a Cornish boiler, 71 feet in diameter and
30 feet long, with a flue 2 feet 9 inches in diameter. The fire-grate was 6 feet in length.
The smoke was considerably reduced by the employment of the bridge, in consequence
of the admission of air from the bridge through the perforations, which were twenty-one
in number and § inch in diameter. Nevertheless, it was necessary to keep open the
fire-doors oceasionally, in order to reduce the smoke, the small coal used being of a very
smoky character. New bridges were in course of being substituted by Mr. Hampton,
having fewer and smaller apertures; and it was stated that the performance of the
boiler was improved by the substitution: evidence apparently that too much air had
been admitted through the earlier bridges, so as to affect the supply of steam. The
Hampton bridges have proved to be very durable wherever they have been erected.

No. 2, James Moore.—T. Nutt’s ¢ Patent Economising and Smoke-consuming’
Furnace. As applied to a Cornish boiler, there are four firebrick diaphragms built across
the flue-tubes, dividing it into four compartments. The first diaphragm is built just
behind the ordinary bridge at the back of the furnace, and is constructed with openings
between the bricks at the upper part for the draught. The second diaphragm consists
of a small steam bhoiler or tank, occupying the lower half of the flue, surmounted by a
solid brick wall occupying the upper half. The small boiler is formed with an arch
over the lower part of the flue, through which the draught passes. It is supplied
automatically with water from a cistern at the front. The third diaphragm is solid for
the lower half, and is made with numerous openings through the upper half for the
draught. The fourth diaphragm, placed at the far end of the flue-tube, is made with
openings through the lower half for dranght. By such a disposition of diaphragms, the
undulations of draught produced are conducive to intermixture and combustion. In
addition, the steam from the small boiler in the second diaphragm is discharged in
numerous small jets from a perforated pipe at the back of the small boiler, thus foreibly
intermixing the elements. (Plate 71.)

This system was tested for smoke prevention on the Cornish hoiler at Betts's
saw-mill, Homerton. The boiler was 4} feet in diameter and 18 feet long, having a
flue-tube 2 feet 8 inches in diameter. The fire-grate was 5} feet long. The door was

T2
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formed with six air-slots 4 inches by § inch wide. Fired three times with common slack
in the eourse of half an hour, the smoke, taken together, was visible for only 24 minutes.
The deepest shade was No. 3 smoke-shade, except once, whilst a very heavy fire was
charged, when smoke of No. 5 shade passed from the chimney, and entirely disappeared
within 1} minutes.

From the reports of results of tests made, in May and June 1880, at the Western
Pumping Station of the Metropolitan Board of Works, of No. 4 boiler, set on Mr. Moore’s
system, it appears that, whilst smoke was nearly all prevented, an evaporation of 8-88 lbs.
of water supplied at 90° Fahr. per pound of coal was effected, and that an addi-
tional pumping duty of 20 per cent. was performed.

No. 3. Tuomas HENDERSON.— Furnace-front and Fire-door. The door is balanced,
and turns on a horizontal axis at the lower side. It is made with two leaves directed
towards the furnace, by one of which the doorway is closed, whilst the other leaf is in a
horizontal position, forming a continuation of the dead-plate. The door-leaf is hollow, air
being admitted from below into the cavity, where it is partially warmed, and whence it is
delivered through perforations in the inner plate into the furnace. The door can be
adjusted on its axis to admit air into the furnace through the doorway and, at the same
time, at the dead-plate. When the door is turned downwards—a movement which ean
be effected by a stroke of the shovel—the door-leaf may be lowered into a horizontal
position level with the dead-plate, when the furnace can be stoked, after which the door
is restored to its usual position. When it is required to clean the fire, the door is turned
down still further—below the horizontal position—so as to present a sloping surface,
upon which clinker and ash are received, and from which they are discharged into the
ashpit, whilst the dead-plate leaf hangs as a sereen, vertieally downwards, and protects
the stoker. The furnace-front is double, and is so constructed that currents of air pass
through it, and are delivered warm into the furnace. (Plate 71.)

This apparatus was tested for smoke, June 23, 1882, at the works of Messrs, Wright &
Co., Wharf Foundry, Bolton, where it was applied to one of the steam boilers. The boiler
was 64 feet in diameter, having two flue-tubes 24 feet in diameter. The grates were 6 feet
long. The steam pressure was 45 lbs. per square inch. The fuel used was slack, con-
sumed usually at the rate of 6 ewt. per hour. Smoke, usually of from No. 6 to No. 7
smoke-shade, was discharged after every levelling and firing, whilst the door was set
open as much as one inch on each oceasion. The smoke cleared off in from one to three
minutes after firing. As firing took place ten or eleven times per hour, the total duration
of smoke was at least 20 minutes in the hour.

No. 4. R. W. Crostawalrte.—C. B. Gregory’s Smoke-Burning Furnace applied to
Cochran & Co.’s Vertical Boiler: an adaptation of Gregory’s furnace already deseribed
(p. 55) for generating stearn. Cochran & Co.’s boiler is constructed with a semi-spherical
fire-box, 3 feet in diameter at the fire-grate, from which, at one side, the products of
combustion pass into a combustion-chamber above, thence through a number of horizontal
flue-tubes into the smoke-box and the chimmey. The ashpit was thoroughly closed for
the purpose of the trial; and the flue from Gregory’s furnace was conducted into the
fire-box of the boiler, through the doorway, which was curtailed by firebrick to form a
passage-way 9 inches wide by 2 inches high. The fire-grate of the Gregory furnace was
174 inches by 8% inches, and the throat, or way out, was 174 inches by 1} inch. Two
streams of heated air entered the throat at opposite sides, throngh openings 17} inches
by 1 inch high. (See Adaptation to a Lancashire Boiler, Plate 19.)

Two days’ tests were made. On the first day, the apparatus and the boiler were
tested together; the second day, Gregory's furnace was disconnected, and the boiler
was tested in its ordinary condition. The fuel consumed was Silkstone coal. The
following are the leading results (Table XXXIIIL.) :—
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FOR STEAM BOILERS wversus
THE ORDINARY BOILER.

Data Gregory fg:l::ﬁ;z;mnmcmd Ordinary boller
Date of test . May 1, 1882 May 2, 1882
Duration of test . ; & hours & hrs. 21 min,
Coal consumed . ; . ; 1884 b, 2204 1b,
Do, do. per hour : 23-56 1h, a7-50 1h.
Clinker . . : . & 1b. 21 b
RURMRE o A i, 954 1b, 5 Ib,
Feed water, temperature 67-6% ]f‘ afltlﬂ.r‘ 62* F;ah}.
19 cub, 19 cub. ft.
Do.  consumed 11856 1h, 11856 1b.
To. consumed per hour . : 2-375 eub. ft. 2-28 eub. ft.
. per Lb. of coal . 1 . : G-29 1h. 517 1h.
Period during which smoke was visible 18 min, 6 hrs. 40 min,
Maximum smoke-shade . - : ; : ; No. 1 No. 8
Average smoke-shade for the whole period of trial . 0-04 2-36

These results show practically an entire freedom from smoke for the Gregory furnace,
and for the boiler with the ordinary furnace an average smoke-shade nearly No. 3, whilst
the maximum was No, 8. The quantity of water evaporated per pound of coal with the
Gregory furnace was upwards of 20 per cent. more than without it.

No. 5. Tnomas HENpERsoN.—Mechanical Stoker : for firing small coal or slack. The
slack is charged into a hopper, in which it is crushed, as required, and carried downwards
by a revolving toothed roller, which beats opposite a pressure-plate. The width of the
clearance between the roller and the plate is regulated by means of a screw, for the
purpose of regulating the feed of coal to the furnace. The coal is dropped upon two
horizontal fans or propellers, formed with fins, by which the fuel is propelled into the
furnace upon the fire-grate. The fans are caused to revolve on vertical spindles, by friction-
wheels, which are below them and support them ; the wheels being keyed on a horizontal
transverse shaft driven by means of worms and worm-wheels, by power from a small engine,
placed near the boiler, The furnace-bars are reciprocated by means of a rocking erank-
motion, in which there are two sets of cranks at right angles. Whilst every alternate
bar rises and falls § inch above and § inch below the regular level, the intermediate bars
have a longitudinal movement of 1 inch to and fro, in order to break up clinker as it is
formed, and carry it backward over the bridge, and to cause the coal to travel backward
as it burns. (Plate 72.)

Mr. Henderson’s stoker is at work on several boilers at the Dean Clough Mills of
Messrs. Crossley, Halifax. The boilers are 74 feet in diameter, and 23} feet in length,
having two flues 3 feet in diameter. The grates are 3 feet 10 inches in length, having a com-
bined area of 23 square feet. It is stated that 5 tons per day of Charlston nut-slack can
be burned off ; but that 3} tons is as much as can properly be consumed in a day of
9% hours, being at the rate of nearly 7} ewt. per hour. From official returns of the
results of special tests at Dean Clough Mills it appears that 6-70 1bs. of water wasevaporated
per pound of nut-coal from the temperature of 50° F.into steam of 70 1bs. pressure per square
inch, by hand-firing ; and that 8-31 lbs. of water was evaporated per pound of nut-coal from
the temperature 184° F. into steam of the same pressure, with the mechanical stoker.
Making due allowance for the higher temperature of the feed-water, the equivalent
quantity of water evaporated from 50°F., with the mechanical stoker, is 7-10 1bs. per
pound of coal, being 6 per cent. more than was evaporated with hand-firing.

Henderson’s mechanical stokers, at work on the three Cornish boilers at the Surrey
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engine-house of the Surrey Commereial Dock, Rotherhithe, were tested for smoke-preven-
tion, July 7, 1882. The boilers are 5% feet in diameter, and 25 feet long, having each one
flue 3} feet in diameter. The fire-bars are 4 feet 8 inches long, making 15 square feet of area.
The pressure of steam was 80 lbs. per square inch, Observations were made for one hour on
the performance of one of the boilers, During that period 34 cwt. of small household-
coal was burned off; being at the rate of 28 Ibs. per square foot of fire-grate per hour. The
rate of feed of the fuel was occasionally greater than could be accepted without foreing
the fires,and eausing a considerable evolution of smoke, the feed-apparatus appearing to
be somewhat uncertain in action. In the course of one hour, the fire-doors were opened
on six different occasions, for the purpose of dressing the fire by levelling the fuel, which
lay mostly about the middle region, and throwing up the loose coal which collected on
the dead-plate. The smoke-shade was usually No. 7 or No. 8 when the fire was thus
manipulated. The total duration of smoke was 20 minutes in the course of the hour,
and the average smoke-shade for that time was 3:7; and, averaged for the whole period
of one hour, it was one-third of that shade, or 1-23.

No. 6. E. BEnnis.—Mechanical Stoker : in which small coal or slack is scattered
over the grate, from the front, by means of a shovel over the doorway :—six ounces of
coal at a time. The shovel is actuated by helical springs, which are put in tension by
means of a 4-cam shaft across the front of the boiler, of which the eams have four degrees
of throw; so as to graduate the tension on the springs according to the length of tra-
jection required, The fire-bars are caused to reciproeate by means of cams on a horizontal
shaft across the front of the boiler, in such a manner that the bars are slid backward
simultaneously into the fire-place, earrying the fuel with them ; these remain stationary
for a very short time ; and are next drawn out, two at a time, without disturbing the
fire. In moving inwards together, the fire-bars keep in one plane, rising slightly as they
advance ; the length of the travel being 1} inch. In returning, each bar is lifted
4 inch at the camshaft, for a length of half an “inch of the return tr avel, for the purpose
of breaking up clinker; then the bars fall to the level, and complete the return travel.
The fuel is fed by means of a erushing roller at the base of the hopper ; the feed being
regulated by reciprocating flaps. (Plate 73.)

Bennis’s mechanical stoker is at work on the end one of a range of Lancashire steam
boilers at the Hope Spinning Company’s Mills, Failsworth, Lanecashire. The boilers are
7 feet in diameter, and 30 feet long ; having two flue-tubes 2 feet 9 inches in diameter.
The boiler fitted with the stoker and the one next to it, fired by hand, were tested

TapLE XXXIV.—BENNIS'S MECHANICAL STOKER wversus HAND-FIRING.

| Date of trial
i June 22, 1882 June 28, 1882
System of stoking : R : . | Mechanical | Hand-firing | Mechanical | Hand-firing
Time at work . S - hours . 7 = 7 Slﬁil: E.lﬁ*k
Fuel, deseription . - . : : ; turgey urgey ac ac
Do, econsumed . ; : cwits. | hd 60 421 a7
Ito. do, per hour ; cwia. | ikl | B-67 2:10 705
Do, do. do. pel squ"trc foot of |
grate : - . Ibs. 309 291 324 ] 239
Feed-water, temperature . : Fahr. 100° 100° 104° 1047
Do, consumed . : . cul.it. | 8726 220-7 7631 H27-2
Do. do.  per hour . cub ft. | 1247 118:5 1454 100-4
Do, per 1b. of coal . . lhs, : 805 766 004 789
Do. do. equivalent from and at 212° |
Falir, ; ; . . : « 1bs. | 10-28 881 11-33 800

q
—_——
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together, for rate of combustion and evaporative efficiency. Two several tests were made
of each boiler: the first day, burning burgey, or coal in small pieces, as large as, or a little
larger than, walnuts ; the second day, burning slack. The fire-grates of the first boiler
were 5 feet 2 inches long, and had a combined area of 28 square feet. Those of the
seeond boiler, hand-firing, were 6 feet long, having a combined area of 33 square feet.
The principal results of the two days’ tests are given in Table XXXIV. The feed-
‘water was in every instance passed through Green’s Economiser, and was delivered
to the boilers at a temperature of about 200° F.

The foregoing results show greater quantities of water evaporated per hour by the
mechanical stoker than by hand-firing : by 5 per cent. on the first day, and 45 per cent. on
the second day. Likewise, a greater evaporative efficiency with the mechanical stoker :
by 17 per cent. on the first day, and 26 per cent. on the second day. It appeared that
burgey was not so well suited for the operations of the mechanieal stoker as slack—probably
because it was more clinkery than the slack. On the first day, it was necessary to dress
the fire of the mechanical stoker about twice an hour; loosening the clinker, and throw-
ing on the fire the loose coal that dropped at the dead-plate. The hand-firing boiler
required to be thoroughly eleared of clinker, and remade, in the middle of the trial, though
it had been cleaned just before the trial was commenced. As the burnt gases from
several boilers were delivered into one chimney, there was not an opportunity of observing
the smoke-shades, if there were any, from the mechanical stoker. But it happened,
oceasionally, that the chimney was quite clear of smoke; and it was argued that, as the
mechaniecal stoker worked under uniform conditions, if it was clear of smoke at any time,
it must always have been clear of smoke. It remains unascertained whether the oceasional
dressing that was necessary did or did not raise any smoke.

No. 7. TrE CaappertoN IRoNwoRKS CoMpany.—McDougall’s Mechanical Stoker:
feeding the fuel by pushing it into the furnace, and earrying it back by means of
reciprocating fire-bars, The fuel descends from a hopper by gravitation, and is pushed
in upon and over the coking-plate by the agency of a ram, to which a reciprocating
movement is communicated, by means of an excentrie on a transverse shaft, and a lever
which is slotted so that the travel of the ram may be varied. The ram is of less depth
at the middle than at the sides, in order that the greater proportion of the fuel may be
delivered next the sides of the furnace. The feed of the fuel is also adjusted by means of
a vertical sliding-plate. The coking-plate, upon which the fuel is first deposited, pro-
Jjects a short distance into the furnace, to facilitate coking; and it is provided with
apertures for the admission of air, to ignite the fuel before it reaches the bars. All the
fire-bars are movable; they are supported at their outer ends on a transverse shaft, con-
sisting of a series of eranks or excentries having a throw of half an inch, turned out of
a solid bar of steel on three centres pitched at angles 120 degrees apart. Each bar is
carried by its own excentrie, and its motion is one-third of a revolution before or after
that of each of the contiguous bars. The bars thus acquire a compound longitudinal
and vertical movement at the front, whilst their inner ends rest on a bevilled ecast-iron
bridge, rising as they advance inwards, and the neighbouring bars falling as they are
drawn outwards. By these combined movements of the bars the fuel is carried inwards,
and the clinker is broken. The motion of the ‘eccentricated shaft’ is derived from
pulleys of three speeds. (Plate 74.)

MeDougall’s Stoker was tested, July 1, 1882, at the Crescent Bleach Works, Salford,
on one of a number of steam boilers there. The boiler was 71 feet in diameter and
30 feet long ; having two flue-tubes, 3 feet in diameter, with grates 5 feet 2} inches in
length, making a combined area of 31} square feet of grate. The trial lasted six hours,
during which time 28 ewt. of slack was consumed, being at the rate of 4§ ewt. per hour,
or 16:7 lbs. per square foot of grate-area per hour. Of feed-water, 457-3 cubic feet was
evaporated at atmospheric pressure, being at the rate of 76-22 cubic feet per hour, ox
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9:10 1bs. per pound of slack from 57° F., equivalent to 10+56 lbs. per pound of slack, from
and at 212° F.

The fires required a considerable degree of attention. They required to be opened
up eleven times in the course of six hours, or every half an hour, arising probably from
the fact that the rate of feed was excessive in relation to the capacity of the fire-bars for
carrying forward the fuel. The doorway became clogged with slack, and the feed of fuel
was suspended several times, making together 100 minutes of rest for the left-hand feed
and 50 minutes for the right-hand feed. Yet Lhe fires were bright near the back of
the furnace. The deficieney of the earrying power of the fire-bars may be accounted for
by their very limited traverse, only % inch to and fro—the shortest travel that has come
under notice in the course of the tests of Mechanical Stokers.

The eccentrie bearings for the fire-bars, exposed to a considerably high temperature,
required to be greased at intervals of three-quarters of an hour.

BExJaMIN GoODFELLOW.—Johnson's Smoke and Fume Washer was exhibited in
model, It was tested, June 28, 1882, at the works of the exhibitor, Hyde, for smoke
prevention only. The apparatus consists of an enlarged flue through which the pro-
ducts of combustion pass on their way to the chimney. It is made of strong timber,
put together airtight. The lower part of the flue is a water-tank divided into com-
partments, each of which contains a dash-wheel, like a paddle-wheel, having a number
of spikes or prongs fixed on each block at the cirecnmference. As the wheels revolve,
the prongs are dipped into the water in such a manner as to raise a continual spray,
which is traversed by the current of smoke, and by which the smoke is washed. Each
wheel is succeeded by a screen composed of coke, laths, or other suitable material,
through which the current passes, and by which every solid particle is arrested. B],r
means of a fan placed beyond the sereens, the draught is maintained undiminished.

By the operation of the smoke washer, the smoke current was eleansed of all solid
particles, and was lightened in shade to a material extent, issuing from the chimney of
the apparatus, of a bluish colour.

It has been ascertained by Mr. Estecourt, the City Analyst, Manchester, that when
water alone is used in the apparatus, a proportion of from 75 to 80 per cent. of the
sulphurous acid gas is intercepted ; and that, by dissolving soda or lime in the water,
the whole of the acid ean be taken up.

The object of the invention is chiefly to intercept the sulphurous gas from smoke,
and to prevent poisonous impurity escaping into the atmosphere.

REMARES ON STEAM BOILERE AFPPLIANCES.

J. HameTox's Fireproof Bridge is distinguished chiefly for its durability. JaMes
MooRre’s Perforated Firebrick Partitions have no doubt proved instrumental in not only
diminishing smoke but also in economising fuel by i increasing the evaporative efficiency.
These results clearly follow from the means provided for mixing the ewrrents of combus-
tible gases and air, and the partial detention of the hot gases between the partitions.
Tromas HENDERSON'S Furnace-front and Fire-door are conveniently worked, and are es-
p{ﬁcmll y serviceable on board steamships, where the b:ll&]]ﬂﬂd door remains in one position
nrechctl\'e of the movements of the vessel. R. W. CrostEwaiTE's exhibit of Mr.
Gregory’s application of his furnace to a steam-boiler supplierI powerful evidence, if such
had been necessary, after the evidence previously accumulated, of the soundness of Mr.
Gregory’s system of smoke-burning furnace, in the absolute freedom from smoke after
the fire was got into working condition; the very slight appearance of smoke even at
the commencement ; and the complete combustion with a very limited surplus of air.

TuoMmas Hexpersons Mechanical Stoker appears to have been defective in unequally
distributing the fuel over the fire, involving the frequent opening of the door and dressing
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of the fire. It could not, according to the results of the test, be forced without discharg-
ing a considerable degree of smoke at the chimney. E. BENNIs’S Mechanical Stoker was
worked with a fire-bar movement by which the advance of the fuel and the clinker towards
the bridge was ensured ; at the same time that the fuel was spread with a fair degree of
uniformity where it was required. In consequence of such regularity of action, this
stoker made a remarkably high percentage of economy of fuel and efficiency of evaporation
compared with the performance by hand-firing. The performance of the CHADDERTON
IroNwoRKS CoMPaNY’s Mechanieal Stoker, by Mr. McDougall, appears to have suffered
by the very limited traverse of the fire-bars, which was only half an inch, and the appa-
rent inability to carry inwards the fuel, and carry off the clinker with sufficient rapidity.

The limitation of the traversing movement to half an inch incurred a want of due
proportion between the coal-feeding power of the ram and the conveying power of the
grate. It appears to be incident to the construction of the ¢ eceentricated shaft,” which,
as a shaft, could not conveniently be made of a much greater degree of eccentricity.
These conditions imposed the necessity for very frequent manipulation of the fire-place.
The frequent lubrication required by the eccentricated shaft and the ends of the fire-bars
indicated a liability to wear, by which the length of traverse of the fire-bars must be
gradually reduced—a reduction which could not well be afforded where the traverse
originally is very short.

. K. CLARK.
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V. REPORT ON FURNACE FOR GENERAL HEATING PURPOSES.

MicHEL PERRET exhibited a furnace—the Multiple-Staged Furnace—well designed for
the purpose of thoroughly consuming any kind of fuel, and particularly adapted for the
combustion of refuse and wasted fuel, even such as may discharge 30 per cent. or 40 per
cent. of ash., (Plate 75.)

The furnace consists of a cubical chamber of brickwork containing a series of
firebrick shelves, one above another, upon which the fuel is spread, and is gradually
econsumed. The chamber is 3-28 feet wide, by 6 feet by 4:10 feet. There are four
shelves, each 5 feet long, being 1 foot shorter than the furnace-chamber. They reach
from the front and the back alternately, and the fuel may be lowered from one to
another successively. The furnace is, in the first place, heated to a red heat by burning
wood on all the shelves, as well as in the ashpit; then each shelf receives a first charge
of the fuel. At the proper time, the fuel is lowered by means of suitable fireirons,
introduced through doorways in the front of the furnace, from each shelf to the shelf
below it, on which it is evenly spread ; and the uppermost shelf, now empty, receives a
fresh charge of fuel. This process of arranging and chareing the furnace is repeated at
intervals of twenty-four, twelve, or six hours, according to the strength of the heat
required. The rate of combustion is as follows :—

24 hours interval . . . (r41 1bs. fuel per square foot per hour
12 T i ¥ & . 082 lbs. B ”
G i L . C L 1‘[;* [b&, ar LE ]

These guantities are taken as for pure fuel, ashes excluded. The quantity of air
admitted is regulated to a nice degree of exactness. It is heated to 570° F., it may be,
and is admitted exclusively at the entrance to the ashpit. The Perret furnace is
suceessfully at work in many places: for evaporating liquids, for stoves of all kinds, and
fur heating-apparatus.

The Perret furnace, for want of suitable conveniences, was but partially tested. Its
merits as a generator of heat, and a supporter of high temperature, with complete
eombustion of fuel, without smoke, were in daily evidence during the Exhibitions at

South Kensington and in Manchester.
D. E. CLAREK.
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VI. REPORT ON TESTS OF ACCESSORY EXHIBITS,

1. JoserH KEersHaw & Co.’s Non-conducting Composition for coating steam boilers,
pipes, &c. The base is blue marl, which is treated with chemicals, and mixed with
vegetable fibre. The composition was tested for non-conduction, June 30, 1882,
at the works of the exhibitors, Hollinwood, near Manchester. Two cast-iron pipes,
exact duplicates, were prepared for the purpose. They were 3 inches in diameter inside,
and 3§ inches outside, and 5 feet 11} inches long, closed and made steam-tight with a
plate at each end. One of the pipes was bare, having only received a coat of black
varnish. The other pipe was coated with the composition, 2:% inches thick, making
up the external diameter to 7% inches. The pipes were laid, in the open air, at a
height of 4} feet above the ground, parallel to each other, about 3} feet apart, with a
slight fall towards the onter ends, in order to collect and drain off the condensed steam.
A slight shelter was erected above the pipes to place them in the shade ; but there was
free circulation for air, Steam, nominally of 30 lbs. pressure per square inch,
was conducted from a vertical boiler, by a }-inch tube, to the pipes, branched so as
to carry equal and independent supplies to them, and connected to each of them
through the end plate nearest to the boiler. This tube was thoroughly coated with
composition, § inch thick, in order to prevent condensation in it, and that dry steam might
be delivered to the pipes. The weather was sunny, mild, dry, with very little wind.

The test lasted exactly one hour. The pipes were thoroughly blown through and
heated before the taps were closed ; and the test was held to commence when the taps were
closed. Steam from the boiler, having an average pressure of 281 lhs. per square inch,
was freely admitted to the pipes, and it was shut off at the end of one hour. The
drain-taps were at the same time opened, and the water was collected from each pipe
separately : from the bare pipe, 4 lbs. 10} oz.; from the coated pipe, 1 1b. 15} oz.
The difference was 2 lbs. 11 oz.—the measure of the non-conducting property of the
coating—making an economy of 58 per cent. of the steam condensed in the bare pipe.
The temperature in the shade was 70° F., and that of the steam was 2723 F.; or
202%-3 above the atmospheric temperature. The loss of heat by conduetion was mea-
sured by the latent heat—922:5 units per pound of steam condensed ; and the total
loss of heat was—

For the bare pipe. ; + . 9221 units = 4-64 The. =4,280 units of heat
»  coated pipe . : 0224, %195 1be. =1,700 ™

The external superficial area of each pipe was 5-62 square feet, and the loss of heat
per square foot of surface was—

Forthebarepipe . . . . . . 4,280 units=—562 =762 units
» coatedpipe. . . . . .1799 , -~562-3%0 ,,
Finally, the loss of heat per degree of the difference of temperature, 202°-3, was—

762 units—=-202-3 = 3°77 per degree of difference of temperature per hour
420 ,, =202-3=1%58 - 1 " "
2719 saving
zZ2
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This result—2%19—as a measure of saving, exceeds what has been aseertained, else-
where, by careful experiment.!

A few observations were made of the snperficial temperatures at the outer surfaces
of the bare pipe, and the coating of the other pipe, by placing ordinary hoxwood ther-
mometers, face downwards, upon them ; also a thermometer on a metal plate, of which
the bulb could be placed in contact with the surface. The following were the average
results of several observations :—

Bare pipa Covered pipe Differance
Boxwood thermometer . . 1584°F, B2°F, 7T F.
Plate = TS 88} 1063

When it is considered that the atmospherie temperature was 70° the excess of tem-
perature at the surface of the coated pipe—from 12° to 184°—appears to be small.
But these observations of temperature are only submitted as general indications of
relative temperature.

2. JamEes StorT & Co., Self-acting Gas-valve, or Governor. The object of this
governor is to prevent over-pressure on gas-jets, and the waste which is caused by it
and what isrequired is an unvarying outlet-pressure, though there may be a varying inlet-
pressure. A thin inverted cup or float, made of Barff’s anti-corroding iron, dips into
an annular porcelain trongh of mercury formed with an inner shield for preventing loss
of mercury, whatever may be the position of the instrument. The inverted cup is fixed
on a vertical spindle, on the lower end of which a double-beat valve, having dises of
equal diameter, is fixed, and on the upper end of which are placed the weights by
which the valve is loaded. The pressure of the gas admitted by the inlet-pipe
acts upon the inner surface of the eup. The cup, therefore, rises when the pressure
of gas is augmented, and by the same movement the double-beat valve proportionally
closes the thoroughfare for gas through the instrument, and, by wiredrawing the current,
prevents the outlet-pressure from rising. When, on the contrary, the inlet-pressure
falls, the eup falls, and the valves are opened wider ; a proportionally larger eurrent
of gas is allowed to pass, and the outlet-pressure is prevented from falling. (Plate 75.)

This governor was tested, June 28, 1882, at the works of the exhibitors, Oldham.
A 4-inch governor, suited for 800 lights, was tested at various inlet-pressures with one
burner—Bray’s No. 4 union jet, which econsumes 4 cubic feet of gas per hour, under a
pressure of 1 inch of water. It was tested also for 2 burners. The outlet-pressure was
adjusted at 0+5 inch for an inlet-pressure of 1 inch.

4-19cE GOVERNOR.

Inlet-pressare Outlet-pressure Crt e t-presure
1 inch 1 burner, 05 inch 2 burners, 0-5 inch
] % 4 if nE a1 i '}5 i
Sy 1 05 » i3] 0-5 1
3 7 22 06 1 E13 065 tE]
4 —_ 23 065 13

The next tests were made with a 1-inch governor on a 1-inch metre for 10 lights:
first, under a constant inlet-pressure, with different numbers of lights; second, under
varying inlet-pressures :—

l-rveH GovERNOR.

Inlet-pressre Burners Outlet-pressara
36 inch ] 12 0'6 inch
"o 1 065,
Y] 12 0-625 ,,

FIR T 1 065

Bea A Manual of Fules, Tables, and Data for Mechanival Engineers, by D, K. Clark, page 474.
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1-18cH GovERNOR—(confinued).

Inlet-pressuro Burners Omtlet-pressure

1 inch bare 12 065 inch

2 inch 12 065

d , 12 0-65

4 . 12 065 ,,
(e 12 0G5,
B 12 65
i 12 0625 |,

fodin 12 (G inch full
9, 12 06 1

8 inch a2 07 inch bare
1| e 1 (-7 inch
2, 1 07 4

B 1 X7 .

1 , 1 07

5‘ bE ]' u.?‘ 5

i 1 07

8 5 1 07

1

The shop meter, a §-inch meter for 5 lights, was tested by lighting up all the jets
in the workshop, 29 of No. 6 Bray’s burners, together with a tinman’s stove passing 15
cubic feet of gas per hour. Several of the lights were turned off successively, with the
following results :—

1-1wcm Spor METER.

Inlet-pressure Burners Outlet-pressure
2-4 inch 29, and stove 45 inch
24 12, and stove 0-50
24 ,, 1 55

This test was very severe: it was made with a meter that was stated to be adapted
for only five lights. The loss of pressure by frictional resistance was considerable.

The results of the tests, above reported, prove that the scope of the Stott Governor
is very wide, and that its control of the pressure is amply satisfactory.

D. K. CLARK.
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REPORT OF MEETING

Held, by kind permission of the Duke of Westminster, at Grosvenor Howse, on Friday,
July 14, 1882, for the purpose of receiving the Reports of the Committees and
Jurors in connection with the Exhibitions and Tests at South Kensington and
Manchester, and making Awards. Also to consider the advisability of giving
permanent character to the Movement by the formation of  Smoke Abatement
Institution.

His Grace THE DUKE or WESTMINSTER, K.G., PRESIDED.

The meeting was largely attended, and among those who were present were—His
Grace the Duke of Bedford ; the Right Hon. Viscount Bridport; Lord Mount-Temple ;
the Right Hon. Lord Crewe ; the Right Hon. Lord Talbot de Maiahide ; Sir D. Cooper,
Bart. ; Lady Grosvenor; Lady Goldsmid; the Right Hon. G. Cubitt, M.P.; the Right
Hon. W. Lowther, M.P.; Mr. Ernest Hart ; Captain Douglas Galton, C.B.; Professor
Abel, F.R.S. ; Professor Chandler Roberts, F.R.S.; Dr. Quain ; Dr. Corfield ; Captain T.
B. Hathan, R.A.; Mr. T. W. Cutler ; Captain A. N. Montgomery ; Miss Shaw Lefevre;
Miss Emily Shaw Lefevre ; Mr. George Godwin, F.R.S.; Mr. W. K. E. Coles, C.E.; Dr.
John Wheeler; Dr. E. T. Ensor ; the Right Hon. W. Egerton, M.P.; Mrs. Bompas ;
Mrs. Wheeler; Mr. J. F. Wilson, F.R.S.; Mr. Maurice E. Pollard ; the Rev, Harry
Jones ; Mr. J. Norman Lockyer, F.R.S.; Mr. A. Hinckes Bird ; Mr. William Haughton,
R.H.S.; Dr. B. Holt; Mr. Phillips (Manchester); Dr. Sutton (Oldham); Mr. Scott
(Manchester); Mr. F. Ingoldsby; Dr. J. N. Vinen; the Rev. H. Leigh; the Rev. H.
Mallett ; Mr. W, Staunton ; Miss Milne ; Mrs. and Miss Moss ; Mr. W. Ellis ; Mrs. and
Miss Wright ; Mr. Charles Barrett; Mr. T. Barrett ; Mr. and Mrs. Debenham ; Mr. N.
B. Dawkins ; Mr. 5. Wirkworth ; Mr. and Mrs. Conway; Mr, and Mrs, Webster ; Mr.,
Mrs., and Miss Schollelin ; Mr. T. S. Marks ; Dr. J. O. Rees, F.R.5.; E. Gwynne, Esq. ;
Miss Sharpe ; E. C. Robins, Esq. ; Mrs. Wilson ; Mr. A. J. Ellis; Mr. D. Kinnear Clark ;
Mr. H. Thompson ; Mr. W. Pitman ; Mr. R. F. Whier; Mrs. Alldridge ; Mr. L. All-
dridge ; Miss G. King ; Mr. G. J. Wild ; Mrs. E. F. Green ; Mr. and Mrs. John Hullah ;
Mrs, Mark Hammond; Miss Lankester ; Mr, J. Thompson; Mrs. Rathbone; Mr. R.
Harris ; Mr, George Shaw, C.C., &e.

The Exhibitors at the Smoke Abatement Exhibitions were also largely represented.

The CaalrMAN said, before proceeding to the actual business of the meeting, he felt
he ought almost to offer an apology for occupying the chair on that occasion, but per-
haps this was not so necessary if those present were good enough to remember that he
was the owner of many thousands of those grates and chimneys which, while they
cheered and warmed many thousands of those millions who inhabited smoky towns, also
dirtied and defiled the bodies and the houses of so many householders in this country.
It was, therefore, perhaps not so inappropriate as it might seem that he should occupy
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the chair on that occasion, and he welcomed all present there that day. He might say
to Mr. Hart and to the Committee that he regretted that he had been able, through
domestie circumstances, to do so little in helping them in the great ohject in which they
were concerned. Considering the great and the thoroughly mational importance of
this subject, both as affecting the health and the comfort of millions of this country,
of those who inhabit all the large towns, as affecting the arts, architecture, painting,
decoration, and furniture, and also with regard to the great importance of this subject
in its economic aspeet, it must be a matter of great satisfaction to those who were
interested in this question of the mitigation of a great evil, that the Exhibition, which
had been held in the winter, had altogether been a very great success. Though it had
not been in one sense very attractive, and could bardly compete with exhibitions of flowers,
objects of art and industry, or cattle shows, which naturally attracted, from their inherent
merits, great numbers of people, it was satisfactory to note that no less a number than
116,000 persons visited the Exhibition during the time it was open. Very great interest
in the movement had been excited, as was shown by the present meeting. Myr. Hart would
be able to tell them something as to the practical results. With regard to kitcheners,
considerable progress hiad been made. The question of open grates was still, he might
say, a great open question, A perfect open grate which, while it would give a cheerful
fire, would consume its own smoke and economise the expenditure of fuel, had still to be
invented, but as they intended, by the formation of an Association, to keep the subject
before the public, and to stimulate inventors, they yet hoped that this dream of the
future would ultimately be realised, and that the vast number of grates in all the large
towns of England would at last be made to economise fuel, to give a cheerful light, and
to consume their own smoke. His Grace said he did not know that it was too sanguine
a wish to hope that, sooner or later, such a grate would come to the front. They, the
Committee, believed that if those present would come forward and assist them in forming
an Association, they would arrive at this and other much-desired results, and that
when they did, they would be enabled to go te Parliament with some confidence, to
make that compulsory which ought to be made compulsory, and unless this was so,
he (the Duke) believed no good would be done. At present they were not able to
recommmend any such thing, but they hoped to be able to do so in the future. The
work connected with the earrying out of this Exhibition had been a very arduous one,
and had been well sustained by its founder, Mr. Ernest Hart, by Mr. Coles, who had
given gratuitously all his time to the movement, by gentlemen of eminence in science,
and others, and they needed greatly to invoke their most invaluable services in the
future in keeping this matter before the public, and in carrying out the objects of the
Association. They should ask them and the public generally to further that great
national measure against what must be considered a most serious and depressing evil,
but which, nevertheless, was capable of prevention. His Grace concluded by calling
upon the Chairman of the Committee to present the Committee’s Report.

Mr. Erxest Harr said, in presenting the General Report of the Smoke Abatement
Committee, and the List of Awards, it would not, he thought, be necessary that he
should read that Report, since the bulk of the Report consisted (as it almost necessarily
must be in the case of such a document) of an historieal recapitulation of that which
had been done up to that time in the way of organisation; and the Report did not
enter upon any speculative considerations, because they (the Committee) desired
throughout this movement to state the facts as they presented themselves, and hoped
not to promise more than they saw their way clearly to perform. In connection with
the Smoke Abatement Exhibition, the Report would show that a large amount of actual
work had been done, and it was the object of the Committee, from the first, that it
should not be merely a display of objects of interest, but that the relative power of each
invention to fulfil the purpose for which it was intended should, as far as practicable, be
earefully tested by skilled experts, under conditions agreed upon with the Exhibitors.

-—q—__.;m
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The Committee did not pretend to say that every Exhibitor would feel satisfied with
the results of the awards. It was, perhaps, not possible, however carefully the investi-
gations might have been conducted, however great the precautions adopted, however
eminent the persons who voluntarily gave their time, however skilled the paid officers—
that all the results should be either strictly just to the Exhibitors, or that they should
give complete satisfaction to the unsuccessful as well as to the successful Exhibitors,
But this the Committee ventured to say, and he ventured to claim on their behalf what
he believed would be readily accorded, that all that care, energy, and an earnest desire
for justice could do—all that could be done to provide competent tests, and skilled
persons to superintend and carry out the testings—had been done, For the first time
in the history of this country, he believed, there had been carried out at that Exhibition
a thorough, careful, and complete examination of the power in the first place of various
forms of household grates (of which several millions were in use in this town alone), to
produce economical combustion, and in the next place their relative influence in pro-
ducing smoke, It was remarkable that in the history of this country so little attention
had been given to the improvement of the domestic grate. He looked upon this as a
tentative step, and he trusted that the results which he had then the honour to put
before the Meeting would be taken as a first contribution towards the subject, which
had now seriously engaged the scientific intellect of the eountry. The volume which
he had the honour to present to the noble Chairman consisted of the Report of the
jurors in each department. They included a very valuable series of documents, the
result of some three hundred tests—mnot only mechanical tests carried out under the
direction of the Executive Committee, by Mr. D. K. Clark, the testing engineer, but
also that which had never before been attempted, namely, chemical tests of the flue-
gases withdrawn from the chimneys of a great variety of domestic stoves and grates
burning different deseriptions of fuel. The attempt had been made in that way to
determine in respect to each grate, not only the relative economy of fuel and the
amount of heat given out, but also the character of the gases produced in combustion—
an important factor, if the smoke abatement question was considered from its scientific
as well as from its popular aspect. For this important series of testings they were
indebted to Professor Chandler Roberts, F.R.S., of the Royal School of Mines, Chemist
to the Mint, who, with the assistance of Professor Frankland, F.R.S., had devised and
carried out an original method of applying known principles of chemistry to this purpose.
The results—although they were ouly first results, and for which, he believed, Professor
Chandler Roberts would not claim finality—were, nevertheless, in their character, of the
most important and interesting kind, and they were greatly indebted to him for the
active part he had taken in this matter. As to the result of the testings, in all the
various classes, on which some of the jurors would themselves make a brief statement,
he might say they had been upon the whole satisfactory to them. The Committee did
not look upon anything that had been done as indicating the end of the work they had
in view; they did not even regard the present use of solid fuel in the form of coal, or
in any other solid form, as being the ultimate form in which fuel should be used to
prevent the production of smoke in this country. Mr. Hart referred to Dr. Siemens’
opinions as to the future of gaseous fuel, which, he said, was a much larger and more
important field, and one to which they might look for the best fruit of their future
labours. He should not be doing justice to the opinions and work of Dr. Siemens in
this matter if he did not state distinctly thaé on that ground Dr, Siemens had stood
aloof from the awarding of medals for apparatus intended for the use of crude coal for
domestic and some other purposes, The Committee had, however, felt bound to recog-
nise the value of improvements in such grates in the existing state of things. It had
been a great satisfaction to them to see introduced at the South Kensington and at the
Manchester Exhibitions a series of considerable improvements, many of them of quite
recent date, and the direct outcome, so to speak, of the present movement, and many
AA
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of them extremely effective. They were told, when they commenced the formation of
the Exhibition, that the first problem to solve was how to prevent kitcheners from
smoking., Now there was not a house in this country in which it was not possible to
employ a comparatively, if not a perfectly, sinokeless kitchener, using either bituminous
or anthracite coal or coke, for either could be used with economy and efficacy, without
the production of visible smoke. As to open grates, the jurors would be able to tell
them that there were a number of open grates of recent introduction, some based upon
old and well-known prineciples, which were shown at the Exhibition, many of which
were practically smokeless, or very nearly so, in which ordinary coal as well as anthracite
eoal might be burnt. The Siemens prineiple had given excellent results, and the gas-
and-eoke grates and kitcheners on this principle had been very suecessful in the testing-
houses. Mr. Harl said it was especially to the gas section that they desired a large
number of their friends to turn their attention, for they looked to that section as giving
the largest promise of the fruits for which they looked, and the Report of the jurors of
that section would be found of great and novel interest. As to the prospect of the
movement being made more extensive, he said it was felt that if the Committee were
to end their work with the Exhibition, and by the announcement of the awards, they
could not hope for that lasting benefit which they trusted that this movement was
destined to achieve. They had, therefore, after maturely considering the matter,
determined, having received much encouragement in that view from the public and
from eminent personages, socially and scientifically, to convert their Smoke Abatement
Committee into a Smoke Abatement Association. This they were enabled to do by
certain powers of the Board of Trade, which would limit the liability of each member to
the amount of his annual subscription, or such other amount as the member might
voluntarily choose to give. The following were stated to be the main objects for which
the Association was to be formed :—

1. To promote the abatement of coal smoke, and other noxious products of mmhpstiun,
in cities and other places, in order to render the atmosphere as pure and as pervious to
sunlight as possible.

2. To check the present serious waste of coal and the direct and indirect loss and
damage accompanying the over-production of smoke and noxious produets of combustion.

And to advance these objects more particularly in the following manner:

(@) By calling public attention to the serious pecuniary loss, and injury to the health
and comfort, which arise from coal smoke, and from defective heating, ventilating, and
lighting arrangements,

(b) By stimulating, assisting, and encouraging inventors, manufacturers, traders, and
others to bring forward, develop, and perfect, new or improved fuels, substances, melt}mds,
and appliances for the generation or application of heat or light, and for consuming or
lessening the production of smoke and noxious products of combustion. ;

(¢) By conducting practical trials of fuels, apparatus, and systems connected with the
generation or application of heat or light, and causing reports to be made thereon for the
guidance, assistance, or information of inventors, traders, intending users, and the publie

nerally.
i = (d) %}r granting awards, certificates, medals, or prizes in connection with approved fuels,
methods, or apparatus. ; ' : e

(¢) By establishing, or assisting in establishing, public exhibitions, either periodieal or
otherwise, of appliances pertaining to heating, ventilating, or llightmg. ] iy

(f) By collecting and recording statistics and information, and making, assisting, or
encouraging experiments or researches as to the effects upon the atmosphere, and upon
life, health, and property, of the use of coal and other fuels ; and means employed or to be
employed, in conneetion with heating and lighting. by

(7) By imparting information, instruction, and assistance to local authorities, manu-
facturers, workmen, liouseholders, servants, and the public generally, whether by means of
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lectures, demonstrations, pamphlets, written articles, or otherwise, in relation to the subject
of smoke prevention or abatement, : .

(%) By joining or concurring with any other institntion, society, or persons, in doing,
or causing, or procuring to be done, any of the things aforesaid, or to promote legislation
and parochial and other regulations, or to assist in the enforcement thereof, and of any
existing or future legislation, parochial or other regulations.

To do all such other things as may be incidental, or conlucive, to the attainment of the
above objects, or any of them.

This, the programme of their work in future, wounld, he hoped, serve to qualify any
view which his hearers took of their shortcomings in the past ; and the work which
had been thought good in the past would, he hoped, lead to still better work in the
future.

Mr. HeErERT PHILIPS (of Manchester), in the absence of Mr. Greg, Chairman of the
Executive Committee, presented the Report of the Manchester Exhibition. He had, he
said, received a communication from Mr. Greg, expressing his great regret at being
unable to attend, and his sense of the great importance of the work of the Committee,
as it affected Manchester and all other manufacturing towns, and the large amount of
good which the influence of the Duke of Westminster must produce on the movement.
The Report referred to the Smoke Abatement Exhibition held at Manchester in the latter
end of April and the beginning of May, which was distinetly the outcome of the Exhibition
held at South Kensington. The Association for the Control of Noxious Vapours of
Manchester had entered into communication with the Committee, and Mr, Greg had
eonsulted with Mr. Ernest Hart, the Chairman, and Mr. Coles, the Hon. Secretary, of the
South Kensington Exhibition, on the matter. Accordingly, at the close of the London
Exhibition overtures were received at Manchester to open the Exhibition there. This
they had the courage to do, not sure of the amount of assistance they should receive from
the Corporation of Manchester. He might say, however, that they had received great
assistance from the Mayor and other members of the Association. The Exhibition was
one of great importance. They all knew the unenviable reputation which Manchester
enjoyed for its peculiarly foul atmosphere ; it was also the centre of a number of manu-
facturing towns, all of them more or less suffering in the same way, and the mayors of
which were members of the Committee, the combined population being not less than two
millions. The attendance at the Manchester Exhibition had on the whole been very
fair ; in all 32,000 persons had visited the Exhibition in the course of the month during
which it was open. The Exhibition followed generally the same lines as the one in
London, a great number of exhibits having been received at Manchester in an unaltered
form, but in some cases they represented improvements on the London exhibits, which
had heen decided upon by the exhibitors in the interval. There was a good deal of pro-
minence given to the various modes of feeding a fire, and also to the apparatus of manu-
factories, which naturally received a greater degree of prominence and attention at the
Manchester Exhibition than it did in London. The tests which were conducted were in
a sense a eontinuation of the London tests. The Exhibition, in its financial result, was
so far successful that they would not be obliged to make any call upon the guarantors,
though it would probably be found that they had net secured a profit. During the pro-
gress of the Exhibition there were lectures delivered by eminent scientific men on sub-
Jjects bearing on the objects of the Exhibition, which created a considerable amount of
interest, and he had reason to believe were instructive to those who heard them. There
were also articles and reports published in the paper which was established in conneetion
with the Exhibition, and the local press took a good deal of notice of the Exhibition
during its progress. He mentioned as among one of the pleasing features of interest
created in the Exhibition, that a good many of the leading clergy at Manchester seemed
to regard it with peculiar satisfaction; they coming in contact, as they did, with the
poorest class of the inhabitants of Manchester, felt very strongly what a great evil it wes
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that smoke should prevent the introduetion into distriets most thickly inhabited of trees
and open spaces where flowers could be grown. If the atmosphere of a town like
Manchester could not be absolutely pure, it was not, he thought, too much to ask that
the amount of vegetation which the Londoners were permitted to enjoy might be
secured for the inhabitants of Manchester.

The presentation of the awards was kindly undertaken by Lady Grosvenor.

Mr. Harris, the Chairman of the Jurors in the Gas Section, made a statement on
the more important conclusions of his Report, and said the Committee had been led to
consider this section as a very important one. They considered that there was a large
field open for gas-heating in connection with cooking ; that being the case, special atten-
tion was invited at the Exhibition for the display of stoves adapted for cooking and
heating, and also for manufacturing purposes. Those who had had the opportunity of
visiting the Exhibition would recolleet that a very large proportion of the space allotted
was given up to stoves of that deseription, and that very great care and thought seemed
to have been bestowed on the exhibits there shown. A careful examination was made of
all the stoves, and it was thought desirable, in determining to whom the awards should be
given, that these stoves shounld be divided into three or fonr classes. It was decided
that there should be a class of awards for ecooking-stoves, another for heating-stoves, and
another for gas applied for manufacturing purposes. Gas applied for manufacturing
purposes was the only sub-section to which it had been considered desirable that a gold
medal should be given ; that gold medal was given to Messrs. Thumpsn:m Brothers, of
Leeds, for a very useful and effective furnace in which gas fuel was used for burning glass
and pottery ware, It wasgiven in this section, because it was considered that the applica-
tion of gas for this particular purpose was entirely a new departure, and likely to supply
a very large and important want, viz. the means of carrying on manufactories without
the production of smoke; and by its means the operations would be carried on with
much greater rapidity and efficiency than in the ordinary form of stoves. Amnother
application of the same principle was that to baking-ovens; inasmuch as the baking of
bread was a universal demand, there must of necessity be a large number of bakers
and bakers-ovens, and they produced a large amount of smoke in London, and if this
application eould be applied, at one swoop a large amount of smoke would be done away
with. Then as to cooking-stoves, there was a very large display ; practical tests were
made, and awards were given in proportion to the value of the stoves, so far as the
jurors were able to judge them. The cooking was supervised by the Lady Superintendent
of the National School of Cookery, to whom they were much indebted, and it was evident
from the results that a very great advance had been made in the department of gas
cooking-stoves ; the general conclusion being that the viands cooked by means of gas
were certainly in no way inferior to, if not better than, the viands cooked by the ordinary
way. The next department, which was very efficiently represented, was the application
of gas to heating-stoves, They all knew that there was an objection to heating our rooms
with stoves of a close character ; this would probably somewhat stand in the way, but as
a rule these gave very cheerful results, and would not make them regret the absence of
their ordinary English coal.

Professor CHANDLER ROBERTS, speaking as one of the jurors in the section of steam-
. boiler appliances and furnaces, said the mechanical stokers and other appliances of which
this class was composed were of special interest, as it was by their aid that the first
efforts to abate the nuisance arising from smoke were made. Early in the present
century Professor Faraday made some very important investigations, and the result of
his and other investigations laid before a Select Committee of the House of Commons
gave a great impetus to the work the Committee were now endeavouring to carry omn.
The appliances of this class might be divided into two divisions, those in which finely-
divided fuel is scattered over a mass of incandescent fuel, and those in which fuel in
a finely-divided state is forced on to a mass of burning fuel. Nearly every known
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representative of these various types was exhibited, and many of them admirably
performed their work. The jury had not considered any particular appliance of suffi-
cient novelty to merit a gold medal, but he might mention as deserving of special
commendation the appliance of Mr. Sinelair, of Leith, which was remarkable for its
simplicity, and that of Messrs. Vicars, of Liverpool, which met every contingency that
was likely to arise in practice. When they remembered that the cloud which hung
over London contained every day about sixty tons of carbon, it was important to know,
as they most certainly could, that at least boiler furnaces need smoke no longer.

Captain GavrToN said he had been asked to explain why the Executive Committee
of the Smoke Abatement Society selected certain exhibits for receiving the Siemens’
medal. It would be in their recollection that Dr. Siemens offered 100 guineas to be
given at the discretion of the Executive Committee, They thought, therefore, that it
was best to select certain objects which would be entirely in unison with the principles
of what Dr. Siemens had himself invented in the matter of smoke abatement. The
two exhibits they had taken were the Falkirk Iron Company’s double-oven close range,
and the Dowson gas generator. The Falkirk Iron Company’s range was heated on
Dr. Siemens’ prineiple with coke and gas, and the peculiarity of it was that both the air
and the gas were heated by means of the gills at the back of the furnace, so as to adopt
Dr. Siemens’ regenerative principle. As to the Dowson gas producer, he might mention
that it produced gas at a cost of about fourpence per 1,000 cubic feet, but this gas was
very inferior in heating power to the ordinary gas, and was not, of course, in any way
applicable to many purposes; but for heating purposes, the amount of gas which was
consumed in the experiments which were made, as compared with that of eoal gas, was
four times the quantity ; but, taking the respective prices of coal-gas at three shillings
and Dowson’s at fourpence per 1,000 cubic feet, it followed that the cost of Dowsom’s
gas would be very much cheaper than that of coal-gas. With regard to its motive
power in engines, practically very much the same results were obtained.

Mr. ErNesT HaRT stated, in respect to the Ladies’ Prize, consisting of 100 guineas,
to be divided between kitcheners and open grates, that the kitcheners had alone come
up to that high standard which the ladies had in view, and this prize of 50 guineas it
had been decided to divide between Mr. T. J. Constantine and the Eagle Range Com-
pany. The competition in respect to open grates would still remain open.

Miss EmiLy SHaw LeFEVRE kindly undertook to present the ladies’ prizes, and
said she had been asked by the ladies of the Committee to express their great interest
in the movement.

Mr., W. R. E. CoLEs announced that the Society of Arts’ medal, which Lord Alfred
Churchill, who was unavoidably prevented from attending, was te have presented, had
been awarded to Mr. C. B. Gregory, of New Jersey, for his smoke-burning furnace, and
stated that some important exhibits had been reccived from abroad, owing to the
assistance rendered by the Secretary of State for Foreign Affairs in bringing the
particulars of the Exhibition before the chief Foreign Governments. The Meeting
would not be surprised to hear that a successful Exhibitor had come from the United
States of America, and he (Mr, Coles) was enabled to say that the principle, which Mr.
Gregory had shown at the Exhibition at South Kensington in a erude form, had, in the
short interval since, been so far developed that it had, at the present time, been most
successfully applied to a stove, a kitchener, and a boiler furnace. This, he thought,
showed practically the goodness of the work in which they were engaged.

Lady GrosveExor having completed the presentation of the awards in eonnection
with the South Kensington Exhibition,

Mr. ErNesT Hart, speaking on the subject of the Manchester awards, said the
Committee of the Manchester Exhibition had done them the honour to approve of the
methods of testing which the London Committee had adopted, after carefully examining
those methods, and they had had the opportunity of observing the great care, the skill,
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and the labour devoted to that task by their testing engineer, Mr. D. Kinnear Clark.
The Manchester Committee had done them and him the honour of appointing him
their testing engineer. The awards of the Manchester jurors had therefore been
made on the same uniform plans as those adopted in London, and the medals were to
be presented by their Committee at the request of the Manchester Committee, who had
throughout not only carried out this enterprise with their characteristic energy, but
with the utmost possible discretion, which was also very characteristic. They had to
thank them throughout, not only for their energy, but for the great kindness they had
shown their Committee in the matter, and he was sure the Exhibitors would say, for the
great ability with which that Exhibition had been carried through.

Professor ABEL, in rising to move the first resolution, said Mr. Hart had put before
them very clearly the work which the proposed Imstitution had to accomplish. This
work, commenced systematically, had for the last two years beén most 3u¢{:e33fu]_ly
carried on by the Smoke Abatement Committee. Individuals whe in this and other
directions had made themselves eminent had from time to time worked energetically
and suceessfully in the direction of the economie and efficient application of fuel. It
was, he said, just one hundred yearz ago that Count Rumford, whose name was con-
nected with so many important subjects, suceessfully worked in this direction. It was,
he believed, not long after that Faraday produced the results to which Professor Chandler
Roberts had referred. It was nearly half a century ago that Dr. Arnott produced a
stove which was really the foundation of the most successful stoves of the present day;
and twenty-five years ago Captain Galton gave them the grate which stood high in
public estimation at the Exhibition at South Kensington. The community at large, if
it had not exactly shown apathy in the subject, had, from the want of leaders, not shown
that amount of energy in respect to the abatement of smoke or the more economical
application of fuel. It was evident that the Committee had very important work to
perform in that direction ; work which had only been commenced ; work, the nature of
which had only been indicated by the past labours of the Smoke Abatement Committee.
The recent Exhibition was for a time a souree of instruetion to all, not only in reference
to the exhibits themselves, but as indicating how they should set to work to accomplish
that which had only as yet been foreshadowed—the thorough application of gaseous
fuel to heating purposes as an auxiliary to cooking. Some important improvements
had been made in the direction of gaseous fuel applied to gas heating and cooking-
stoves. Beeause the electric light was coming more and more into use, the gas com-
panies need not despair of a great future, as gas might be applied for heating and
cooking purposes ; it was beginning to become a reality among them, and its economy
was being felt. It had a great future before it in its application to cooking and heating
purposes. There were directions in which they had not yet attempted to work. But
there was another question, viz. the waste of fuel in the coalpits of this country, where
an enormous mass of small coal was left underground, which it did not pay, at the
present time, to bring to the surface. That coal would in the future, he was sure, be
productive of gaseous fuel, and he felt sure that we should have not only a more
efficient application of fuel, but we should have in these and other directions a vast
economy in the application of fuel to domestic purposes. There was another point he
might mention in the application of gaseous fuel. However perfectly they might burn
coal, and however perfectly they might consume the smoke in the burning, they could
not do away with the production of sulphur compounds, which were their most dangerouns
enemy. If they used fuel in a gaseous form, they had at once and readily fuel free
from these substances, which were most destructive to furniture and to ornamental
things, and most injurious to life and health. He thought they would all see that they
had a vast amount of work hefore them, and it was with very great pleasure that he
proposed the first resolution, * That it is desirable that the work thus far successfully
carried on by the Smoke Abatement Committee be continued, and for that purpose a
Smoke Abatement Institution be formed.’
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Mr. NormaN LockvERr said he had very great pleasure in seconding the resolution
which had been proposed in such an admirable way by Professor Abel. It seemed to him
that having so far put their hand to the plough, they should not look back? Were all
those economical benefits, those salutary benefits to science and art—were all these to
vanish for the want of some such an organisation as that now proposed, without which
there would be no means of influencing public opinion at the present time, or of
influencing the Legislature in the future? The economic aspect which had been referred
to probably could not be estimated in pounds at the present moment, but undoubtedly it
was one which could be established by a careful series of statistics, such as an organisa-
tion like the one proposed could gather. When they had these statistics put before
them, then the benefits to be derived from such an organisation would clearly establish
themselves. But on scientific grounds there were many points of view from which they
might see that the country had already suffered to an enormous extent from the absence
of such an organisation, and that this country would certainly derive the greatest benefits
from it in the future. It was a part of his official work day by day to observe the sun,
but he was sorry to say that this smoke-clond which continually hung over London
brought about such a condition of things that observations could very often not be per-
formed more than once a week, sometimes not even once a month. Mr. Lockyer con-
clnded by referring to the great influnence which the sun exercised upon our lives, our
happiness, and our health. A sunless place was a joyless place. He, for one, believed
in the great benefits to be derived from such an organisation as that proposed, and had
great pleasure in seconding the resolution.

The resolution was then put to the meeting, and unanimously approved.

Lord MousT-TEMPLE said that by the popular mind science was generally looked
upon as a thing that had no practical bearing upon ordinary life, and that though it was
a thing to be viewed with great respect and diffidence, it did not particularly affect the
affairs of domestic life. Now he was very glad to see that science had condescended to
come down to the chimney-corner and the fire-side hearth ; and immense would be the
benefits. He thought the proprietors of houses would be glad to take advantage of these
elaborate scientific examinations, and their cooks and their housemaids would be ac-
quiring a little of this sanitary science. He was glad to hear that the prejudice against.
close stoves was likely soon to be removed, and that the kitcheners were so good that
there was very great difficulty in deciding which should be placed first. The noble lord
referred to our unsatisfactory mode of ventilating rooms. He was, he said, also pleased
to hear that the meat cooked by gas was in no way inferior to that cooked by the common
fuel. The resolution which he had the pleasure of proposing was, ¢ That the best thanks
of this meeting are due, and are hereby tendered, to the members of the Smoke Abate-
ment Committee, to the Exeeutive Committee, to the jurors and officers of the recent
Smoke Abatement Exhibition,” Since the Committee had approached the subject they
had found such wide support and so much co-operation, as to justify the continuation of
the work so successfully begun. It would be a great pity, he thought, if it were now
allowed to stop ; and they had to thank the members, and particularly those jurors and
officers who had brought all their knowledge to bear upon the subject. They hoped in
the future they would give them as much aid, and produce such good results, as they
had in the past; that they would organise and carry on the work which had been so well
begun, and encourage invention, as he really thought inventors were just the people
who wanted encouragement—men whose minds were full of intelligent and skilful ideas,
and who could not find the capital or assistance which was necessary to bring them to
utility.

The resolution on being put to the meeting was earried unanimously.

The Rev. HARRY JONES said there was one great advantage in smoke. There was a
familiar proverb which said, there is no smoke without fire, and he looked upon the
present meeting as smoke, and as indicative of the fire of progress which would inevitably
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result in the extension of this most valuable Smoke Abatement Society. He lived in the
East End of London, and he need not tell them that they in the East End produced 2
great deal of smoke, and that during that time of the year, when most fires were burning,
the wind was gene I“L“_‘,- in the East, and the smoke found ltS way to the West ; and they
found that the West was equally a sinver in this respeet, for everybody knew that it was
not only the smoke from manufactories which produced the evil, but the smoke from the
chimneys of private dwellings, Feeling a very deep interest in this matter, he could
speak at length in supporting this resolution, but he would follow the advice {)f the
promoters of this movement, and eonsume his own smoke.

Mr. ExrNgst HaRT said there remained one yet agreeable duty to perform, a slight
omission which he wished to rectify, which should have been mentioned in connection
with the awards of the Manchester Exhibition—that in two classes awards were made, in
respect to which the London Committee had not been able to present medals. These
were in respect to Messrs, Stott and Co., for their Gas Regulator, and to Messrs. Kershaw
& Co., for their non-condueting composition. These medals had not been awarded, not
lwmuqe they did not deserve medals, but because it had been previously arranged at the
London Exhibition (and the M: inchester Committee had graciously consented to that
arrangement) that they should make no awards in respect to accessory appliances. In
proposing a vote of thanks to the Chairman, Mr. Hart said he felt sure they could
not separate without expressing their deep obligations to the noble Duke, and a mere
vote of thanks would not express their sentiments. He knew, and they all kuew, in this
movement, as in so many public movements which tended to promote the happiness
and e IL\-J.I;L the moral and physical being of his fellow-ereatures, the Duke of Westminster
had been a most influential leader. They were grateful for thc kinduess of the Duke in
favouring them with his presence, in giving them so much of his time as he had given
them, and he was sure that that consideration would aid, if anything could aid, to that
sincerity with which they would join in this vote of thanks.

Mr. Wi, HavgnTox (Royal Horticultural Society), in seconding the vote of thanks,
said he felt he could not add words to the eloquent and graceful words which had fallen
from his friend Mr. Ernest Hart, and he would only add that it was impossible for them
to overrate the value of the cordial assistance, the kindness, and the personal services
which the noble Duke had rendered to the battle which they were waging.

The CratRMAN said he was extremely obliged to them for their very cordial reception.
He begged to thank them very much for coming there; it was an occasion of great
interest, and he felt highly honoured in being able to welcome so many eminent men
and women under his roof. He hoped the meeting would be a benefit, and that the
institution would continue and prosper.

Thanks by acclamation to Lady Grosvenor for her kindness in presenting the medals
were enthusiastically accorded.
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NATIONAL SMOKE ABATEMENT INSTITUTION.

In accordance with the foregoing resolution, the National Smoke Abatement Insti-
tution has been duly incorporated by authority of the Board of Trade.

The chief objects of the proposed Association are :—

(a) To promote the abatement of coal smoke and other noxious products of com-
bustion in cities and other places, in order to render the atmosphere as pure and as
pervious to sunlight as practicable.

(b) To check the present serious waste of coal, and the direct and indirect loss
E];nd damage accompanying the over-production of smoke and noxious products of com-

ustion.

The objects of the Association will be carried out by the following among other
means, Viz. :—

1. By promoting and encouraging the better and more economical use of coal and
coal products, the selection of suitable fuel, and the general improvement in producing,
applying, and using heat and light for domestic and industrial purposes.

2. By conducting tests of smoke-preventing apparatus and fuels in manufacturing
towns as well as in London.

3. By reporting on tests, granting awards for approved fuels, methods, or
apparatus ; by lectures, printing, publishing, and circulating statistics and other in-
formation for the guidance of local authorities, inventors, manufacturers, and others ; and
by giving instruction to workmen, servants and others in the use of new appliances, &e.

A printed copy of the Memorandum of Association will be forwarded on appli-
cation,

The Terms of Membership are one guinea per annum, or such larger sum as
members may voluntarily choose to contribute. No liability will be incurred by becoming
a member beyond a guarantee of one guinea, payable, if required, in the event of the
termination of the Association ; and any member can withdraw from the Association by
giving notice of wish to do so. Members will be entitled to copies of such publications
as the Committee may decide to distribute from time to time post free, The Committee
invite the co-operation, assistance, and suggestions of those who can, by their scientifie
influence or their commercial relations, advance the object. The Committee hope the
Institution will be well supported by all classes.

OrricEs: 44 BERNERS STREET, LONDON, W
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ALBISSIMA PAINT.

The only Award of Merit for Paint at the International Medical and
Sanitary Exhibition, 1881; and Silver Medal at the Sanitary Exhibition,
Brighton.

TRADE MARK. * Empress of Paints,'—Architect.
. =y

NON-POISONOUS,
INODOROUS.
UNCHANGEABLE.

(Paris Medal, 1878 )

STy SAVING OF OVER 30 PER CENT.

upplied the same consistency as White Lead, in } and l-cwt. Iron Kegs,
UNSURPASSED FOR INTERIOR DECORATIONS.

Algo in all colours ready for use, in 1 and 2.lb. Tins, 1 and l-gallon Cans.

SAMPLES, PARTICULARS, AND TESTIMONIALS MAY BE HAD OF

THE ALBISSIMA PAINT COMPANY, Limited,

34 LIME STREET, LONDON, EC., AND MANCHESTER STREET, LIVERPOOL.

"SHREWSBURY’ SMOKE-CONSUMING
CHURCH OR HOUSE WARMER.

(Invented by Mr. Winiam Warre, F.S.A., Architect.)

This apparatus is & powerful Rkl.(].dlulﬂr,,. or an Air-Warmoer, or both combined, and with Ventilation.

The fire does not come into contact with the iron, and the products of combustion pass through the hottest part
of the fira.
It may be fed morning and evening and kept burning continuously. (See ¢ Official Report,’ p. 115.)

Prices £55 and £75,

Exclusive of Pit, Flues, Fixing, and Arrangements.

ALSO

THE ‘SHREWSBURY’ HALL STOVE,

Made upon the same principle.

Price, £18 10s.
Plain Terra Cotta Case, £5; Handsome Ornamental Case, Unglazed, £8 10s.; Glazed, £10 15s.

MAKER OF THESE AND OTHER ‘SHREWSBURY ' INVENTIONS
(PRIZE MEDAL, PATENT SPRINGLESS LOCKS AND VALVELESS WASTE PREVENTERS AND FLUSHERS &c.),

THOS. GREGORY,
CLAPHAM JUNCTION WORKS, S:'W.
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under the supervision of, 17, 96, 108 ; special
tests, 110
Clay, porous, and gas fire, description and resnlts
of tests of, 107
Clay, B., Sons & Taylor's, testing boiler on Livet's
system at, 126, 129, 134
Clerk's Gas-Engine, 133
Coalbrookdale Company, * Gassing' Grate, 53, 90 ;
‘ Kyrle * Grate, 13, 53, 91
Coal, Nizon's Navigation, results of tests of, 138,
141, 142
Coals, Northumberland, results of tests of, 138, 141,
142
Coal, Wallsend. Bee Wallsend (oal

CRO

Coals, Welsh, reaults of testa of, 137, 138, 141

Coal versus Gas, for heating rooms, 108

Coal Gas versus Dowson Gas, for motive power, 113

Coil-8tove, Portable, W. & 8, Deards, 116

Coil-Grate, Open, W. & 3. Deards, 116

Coke, gas-and-, fires, description and results of
tests of, 106, 162, 163

‘Comet ' Grate, A. B. Verrier, 49, 88

Committes, Smoke Abatement, Report of, 1; Man-
cheater, 143

Cooking-stoves, gas, description and results of tests
of, 109, 158

Cochran & Co., Vertical Boiler, with Gregory’s
Furnace, 162, 166

Coke, gas-and-, fires, description and tests of, 106,
162

Coke-Breaker, Compagnie Génfrale des Conduites
d'Eau, 32

Coking-Boxes for feeding steam-boilers, A. C.
Engert, 125

Collinge, J., Blocksage's Inclined Firebrick Faor-
nace, 29, 125, 128

Combination fires, deseription and results of tests
of, 106 ; Manchester, 1562, 154

Combustion, complete, conditions of, in steam-
boiler furnaces, 127 ;

Combustion, Products of, from Grates and Stoves,
Chemical tests of, by Professor W. Chandler
Roberts, F.R.5., 84

Compagnie Générale des Conduites d'Eau, Coke-
Breaker, 32

Composition, Non-Conducting :—Slag Wool, C.
Baatsch, 32; Fossil Meal, A. Haacke & Co.,
32; Marl Mixtore, Joseph Kershaw & Co., 149,
169

Constantine, T. J., * Treasure ' Range, 96, 101

Cornforth, J., Grate, 56, 91; °Little Wonder"
Stove, 18, 57,92, 93 ; Smoke-Consuming Hollow
Fire-bars and Dridge, 123, 123

Cory, Yeo & Co, Welsh steam coals tested
{Graigola, &e.), 137

Court, J., Eitchener, 100

Cox, G. J.: Cox's * Regenerator ' Air-Warming and
Ventilating Gas Stove, 103; Instantaneous
Water-Heater, 107 ; Gas Cooking-Stove, 109

Cox's Ventilating Gas-Stove, J. C. Stark & Co., 102

Crane's Ventilating Anthracite Grate, Deane & Co.,
54, 91

Crescent Bleach Works, Balford, MeDougall's
Mechanical Stoker, 165, 166

Crossley, Messrs, Halifax, Henderson's Mechanical
Stoker, 163

Crossley Brothers, * Otto ' 8ilent Gas Engine, 132

Crosthwaite, H. W., Armstead's Stove, 57, 92;
Armstead-Gregory Stove, 13, 59, 92; Close-
Fire Range, having C. B. Gregory's Furnace,
158, 169; Gregory's Furnace applied to a
steam-boiler, 162, 166



INDEX. 187

CRO

rOrown Jewel! Coke-Burner Hall-Stove, Harry
Hunt, 57, 92

* Crystal ' Ventilating Grate, W. Stobbs, 57, 8B

Cwmaman Coal Company, steam coals tested, 137

Dﬁ?lﬂ, H. and C., & Co., ¢ Carlyle ' Gas-and-Coke
Stove, on Dr. Biemens' system, 106 ; * Carlyle’

Gas-and-Ashestos Stove, 106; Gas Cooking-
Stove, 109 ; large Cooking-Oven, 111

Dawson, Bernard, the Wilson Gas-Producer, 22

Dean, J., & Son, Gas Cooking-Stove, 109

Deane & Co., Crane’s Ventilating Anthracite Grate,
54, 91

Deards, W, & 8., Portable Coil-Stove, 116; Open
Coil Grate, 116

' Derwent Foundry Company, * Abbotsford’ Grate,
B0, 90; Jobson's Smoke-Burning Register,
53, 91; Jobson's Slow-Combustion Gill Stove,
56, 92

Dog-Grate, Smoke-Consuming, M. Feetham & Co.,
63, 91

Doulton & Co., *Tile Grate,’ 14, 61, 90; * Spiral
Stove,’ 56 ; * Top-Feeding Stove,’ 57 ; ordinary
large Ventilating-Stove, 53

Dowson Economic Gas Company, Dowson Cheap
Gias and its applications, 112.  Bee Gas, Cheap,
Donzgon's,

TDowson's Cheap Gas. See Gas, Cheap, Dowson’s.

Dowson Gas versus Coal Gas, for motive power, 113

Draught and temperature in the chimney, for
grates and stoves. See Chimney, Draught and
Temperature in.

Dunean Brothers, Welton's Iron Grid, with asbestos,
for smoke-consumption, 123, 128 )

Duonnachie, J., *Star® Heating-Stove, 18, 58, 92;
Regenerative Eiln, 30

Dunraven Colliery, steam coal tested, 137

Dutch Oven, the SBunlight S8tove Company, 100

Dynant Colliery Company, anthracite tested, 136

FAGLE Range and Foundry Company, the

4 tEagle' Range, 97

« Economiser * Grate, J. Wavish, 50

« Eeonomy ' Base-Burner Hall Stove, Harry Hunt,
&7, 82

' Economy ' Portable Stove, Harry Hunt, 56, 92

Edwards, F., & Son, Dr. Arnott’s Grate, 11, 51, 90;
Smoke-Preventing Slow-Combustion Grate, 51,
90

Elliott, Alston & Olney, Senking's Cooking-Stove,
158

Elliott, J., Steam-Tnducted Air-Corrents for con-
suming smoke, 124, 128

Engert, A. C., the *Bolo * Grate, 60, 89 ; Grate with
Coking Box, 62, 90; Eitchener, 97, 100; In-
ternal Bwivel Bhutter for preventing smoke in
Furpaces, 1256; Cokiog Boxes, 125

S

GAS

Engert, A. C., & Co., the * Bolo ' Grate, 160; Baker's
Oven, 151

Engineer, Testing, Reports of. See Testing Engi-
neer, Reports of,

*Euthermic' Ventilating Gas-Stove, Dr. Bond's,
Sanitary and Supply Association, pailtern A,
102; pattern B, 102

Ezhibition, 8moke Abatement, See Swmoke Abate-
et Frkildtion,

Exhibits, Accessory, 32 ; Manchester, 168

"TIALEIRE * Close-Fire Bmokeless Kitchener, the
Falkirk Iron Company, 100

Falkirk Iron Company, the ¢ Falkirk® Close-Fire
Smokeless Kitchener, 100, 101; Auxiliary
Cooking-Stove, 100, 101 ; Register Grate, Gas-
and-Ashestos Fire, 152 ; Register Grate, Gas-
and-Coke Fire, 163

Farrar, J., & Co., Barber's Stage-Furnace, 28, 125,
128

Farwig, J. F., & Co,, * Calorigen ’ S8low-Combustion
Btove, 13, 58, 01; George's Gas * Calorigen,’
103

Feetham, M., & Co., Smoke-Consuming Dog-Grate,
13, 63, 91; the Hurst Grate, 54, 91, 94;
W. F. 8. Kitchener, 96; Sayer's Dust-Con-
suming Range, 96

Felton, Mr., trials of J. Wavish's system of Fur-
nace, 125, 129

Fire-bars, Kohlhofer's, G. Haller & Co., 126

Fire-bars, Livet's Patent Improved Boiler and Far-
nage Company, 28, 126, 129

Firebrick Furnace, Inclined, Blocksage's, J.
Collinge, 28, 125

Fire-bridges and fire-bars of steam-boilers, descrip-
tion and results of tests of, 27, 122, 123 ; Man-
chester, 161, 166

Fire-door, Balanced, W. A. Martin & Co., 124, 128

Fires, gas, description and results of tests of, 107

Fletcher, ., & Co.'s Works, test of Stanley's Fur-
nace, 126

Fossil Meal, W. Berkefeld's, A, Haacke & Co., 82

Franklin, Hocking & Co., Hot-Water Heating-Ap-
paratus, 115

Frost & Winfield, Bafle-Grate, 51, 90

Frost-Proof Hot-Water Apparatus, W. Staintom,
117

Fuels, tests of, 134

Furnaces for general heating purposes, C. B.
Gregory's, b5, 92, 93, 162; Perret's, 168

Furnace-doors, description and tests of, 27, 124 ;
Manchester, 162, 166

GALTDH, Captain Douglas, C.B., Air-Warming
Grate, 12

Gas, Cheap, Dowson's, production of and cost, 11;
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tests of the gas in a gas-engine, 118; in
roasting-ovens, 113; in a gas-singeing machine,
114 ; Cheap Gas wersue Coal Gas, 113, 114;
¢ Otto ' Bilent Gas-Engine, 132
(Gas versus Coal, for heating rooms, 108
Gas-and-asbestos fives, deseription and tests of,

106, 152

Gas-and-coke fires, description and tests of, 106,
152

Gas-and-porous-clay fire, deseription and tests of,
107

(ias baskets, description and tests of, 107

Gas cooking-stoves :—Jurors’ Report, 17 ; descrip-
tion and tests of, 109 ; special tests, 110 ; tests
of large ovens, 111 ; Manchester, 158

Gias-Engine, Clerk’s, deseription of, 133

Gas-Engine, * Otto,’ tested with Dowson Gas, 113 ;
description and test with eoal-gas, 132

Gas fires, description and tests of, 107

Gas heating-stoves and pgas fires:—Jurors' Report,
17; description and tests of, 102; close gas
stoves, 102 : open gas stoves, 106; gas fires,
107 ; gas water-heaters, 107 ; deductions, 108

Manchester :—Gas-heating stoves, combina-

tion fires, 152, 154, 156

Gas Heating-Stoves versns Hot-Water Heating-Ap-
paratus, 1135

Gas Lamp, Regenerator, Siemens’ Gas-Light Com-
pany, 32

Gas Meter Company, W. Sugg & Co's Coke Btove,
151 ; W. Sugg & Co.'s Gas-and-Coke Stove, 152

Gas Oven, Smokeless, Thompson Brothers, 31

Gas Producers, Jurors' Report on, 22 ; description
and testz of Dowson's Gas Producer, 112

Gas Singeing-Machine, Blanche's, Joseph Robinson
& Co,, 114 ; test of Dowson's Gas in, 114

Gas Valves, Self-Acting, 32

Gias Valve, Self-Acting, or Governor, James Stott &
Ca., 149, 179

_ as Water-Heaters, description and resolts of tests
of, 107

Qases withdrawn from flues, Chemical Report on,
by Professor W. Chandler Roberts, F.R.S., 34

* Fassius " Grate, Coalbrookdale Company, 53, 90

*Gem Portable Cooking-Stove, Brown & Green,
100

George’s Gas * Calorigen,’ J. F. Farwig & Co., 103

Gibanlt, M., trial of Wéry's Atmospheric Chimney
by, 126

Giles, B, Gas Cooking-Stove, 109

Glenboip Star Fireclay Works, J. Dunnachie's
Continuous Regenerative Kiln, 30

* (Hlow Fire,” Barnard, Bishop & Barnards, 50, 90

Goodfellow, Benjamin, Johnson's BSmoke-and-
Fume-Washer, 166

Gowthorpe, E. L., Smoke-Consuming Furnace-
Bridge, 122, 128

Graigola Merthyr artificial foel, tested, 142

HEN

Grates, inelined, and stage grates, for steam-
boilers, deseription and tests of, 27, 125, 128

Grates, open, and close stoves, Jurors' report on,
11; awards, 20; chemical tests of smoke, 34 ;
report om mechanical tests, 46 ; classification
of grates and stoves, 47 ; description of open
grates, 48; and of close stoves, 55; table of
results of mechanical tests, 61 ; investigation
of resnlts, 70; individual results, 82: the
most remarkable results, 93: conclusion, 94.
See Chimney, draught and temperature in;
Lemperature ; Swoke, prevention of,

Manchester :—Open grates, 150, 156 ; close

gtoves, 151, 166; gas hedting-stoves, 152, 156 ;
petroleum heating-stove, 153, 156

Grates, Upright, for Steam Boilers, J. Wavish, 27,
125, 129

Gray, J. G, Open Grate, 48, 89

Great Britain Smoke-Consuming Company, Orvis's
system of Bteam-Inducted Air-Currents for
Consuming SBmoke, 28, 124, 128

Greene Soft-Coal Cooking-Stove, C. Churchill &
Co., 87

Gregory, C. B., Smoke-Burning Furnace, 13, 55,
92 ; Fuarnace in Close-Fire Range, 168, 159;
Furnace applied to a Vertical Boiler versus
Ordinary Foiler, 162, 166

Griffin, R. H., Ventilating Grate, 12, 50

AACEE, A, & Co., W. Berkefeld's Fossil Meal, 39
Haller, G., & Co., Kohlhofer's Hot-Air Stove,
13, 49, 88 ; Kohlhofer's Hot-Air Gas-Stove, 103 ;
Kohlhofer's Fire-bars, 126
Hampton, J., Fireproof Bmoke-Consuming Bridge,
161, 166
f Harleston ' Grate, Marshall, Watson & Moorwood,
&0, 89
Harry Hunt, * Economy * Portable Stove, 56, 92 ;
‘ Economy ' Base-Burner Hall-Stove, 57, 92
*Crown Jewel' Base-Burner Hall-Stove, 13,
58, 92 ; ¢ Hygiene * Ventilating-Stove, 58, 92
Harvie, W., & Co., Dr. Adams' Gas Stove, 103
Heat carried up the chimney, for grates and stoves,
i)
Heat of combustion, distribution of, for grates and
astoves, B0, 95
Heating, Air-, versusNon-Air-Heating, comparative
performance of grates and stoves, 75, 76, 83, 88
Heating by Gas versus Heating by Coal, 108
Heating Rooms and PBuildings, Apparatus for,
Jurors' Report on, 23 ; tests, 115
* Helix ' Furnace-Feeder, Holroyd-Smith's, 1230
Henderson, Thomas, Fornace-Front and Fire-door,
162, 166 ; Mechanieal Stoker, 163, 166
Henry, W. I, Reeve & Henry's * Bmoke-Purifyer ®
Hob-Grate, 13, 55, 91 ; Register Grate, 55, 91,
94
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Hollands, E. R., Under-fed Grate, 12, 52, 90, 94

Holroyd-Smith’s * Helix " Furnace-Feeder, Knowles
& Halatead, 131

Hoole, H. E., * Radiating and Reflecting Grate,’
12, 53, 30, 94

Hope Spinning Mills, Failsworth, Bennis's Me-
chanical Stoker at, 164

Hot-Water Heating-Apparatus versus Gas Heating-
Stoves, 115

Hot-Water Heating-Apparatus :—Hocking, Frank-
lin & Co., 116; Portable Coil-Stove, W. & 3.
Deards, 116; Open Coil-Grate, W. & 8. Deards,
117 ; W. Stainton, 117

Hunter, G., & Co., Smoke-Consuming Bridges, 122,
127

* Hurst * Grate, M. Feetham & Co., 54, 91, 94

Hydes & Wigfull, * Tortoise * Lanndry-Stove, 151

¢« Hygiene * Ventilating-Stove, Harry Hunt, 57, 92

‘ Hygienic Ventilating-Stove," John Wright & Co,,
48, 88

NCOLINED Grates. See Grafes, Tnolined.
Ingram's * Kaio-Kapnos® Grate, Clark, Bunnett
& Co., 54, 91, 151, 157
Ireland & Lownds, Smoke-Consuming Bridge, 27,
122, 128

AFFREY & Co., Fireclay Grate, 151

‘ Jobson's Smoke-Burning Register,! the Dep-
went Foundry Company, 53, 91

Jobson’s Slow Combustion Gill Stove, 56, 92

Johnson's Smoke-and-Fume Washer, Benjamin
Goodfellow, 166

Juillard, L., Steam-Induoeted Air Currents for Con-
suming Smoke, 123, 128

Jurors, List of, 5 ; Reports of, 11, 16, 17, 22, 23, 24,
30, 32, 34, Manchester Exhibition :— List, 145 ;
Report, 143

*T7AIO-EAPNOS® Grate, Ingram's, Clark, Bunnett
& Co., 54, 91, 151, 157

Kaulbach, E., * Phoebus ' Reversible Grate, 60

* Kensington ' Grate, Steel & Garland, 54, 01

Eershaw, Joseph, & Co., Non-Conducting Composi-
tion, 149, 169

Kilns and Ovens, Jurors® Report on, 30

Kitcheners, Ranges, Jurors' Reports, 16, 17, 148;
description and tests of Coal-Burning Kit-
cheners, 96; Gas Cooking-Stoves, 109. Man-
chester :—Kitcheners and Cooking-Stoves,
158

Elingenberg, B. J., Reck’s Stove, 56

Enap’s Mechanical Stoker, 26, 130, 151

Enowles & Halstead, Holroyd-Smith’s * Helix® Fur-
nace-Fecder, 131

Eohlhofer's Fire-bars, G. Haller & Co,, 126

MOOD
Eohlhofer's Hot-Air Gas Stove, G. Haller & Co., 103
Eohlhofer's Hot-Air Stove, 49, 88
‘Eyrle® Grate, the Coalbrockdale Company, 53, 91

ADIES' Prizes, 9

Lawrence, W., Grate, 55, 91

Lectures at South Kensington, §; at Manchester,
144

Legislation on Smoke Nuisange, 1

Leoni, 5., & Co., Gas-and-Ashestos Stove, 106 ; Gasg-
and-Coke Fire, 107 ; Gas-and-Anthracite Fire,
107 ; Perfect Incandescent Radiator Gas Fire,
107 ; Instantaneous Water-Heater, 107 ; Gas
Cooking-Stove, 110; special test, 110

¢ Little Wonder® Stove, J. Cornforth, 57, 92, 93

Livet's Patent Improved Boiler and Furnace Com-
pany, Livel's System of Setting Boilers and
Fire-bars, 28, 126, 1249, 137

Llest Welsh Steam Coal tested, 137

Locket's Merthyr Steam Coal Company, steam coal
tested (Mardy), 137

Linholdt, Frapz, Anthracite Ventilaling-Stove, 13,
59, 91, 92, 93

* Luton * Register Grate, Brown & Green, 54, 91

* Lux Calor ' Ventilating-Stove, Ritchie & Co., 103

ToeDOUGALL'S Mechanical Stoker, the Chad-
derton Iron Works Company, 26, 131, 165
166
McMillan,J. & J., ordinary range fitted with under-
feeder, 101
Manchester Association for Controlling the Escape
of Noxious Vapours, Prize, 33
* Manchester ' Grate, E. H. Shorland, 50, 88
¢ Manchester® Grate, the Improved, E. H. Shorland,
151
Manchester Smoke Abatement Exhibition. See
Sneke Adbatement Erkibition, Manchester
Marshall, Watson & Moorwood, * Harleston ' Grate,
50, 89
Mart & Bradley, large gas cooking-oven, 111
Martin, W, A., & Co, Balanced Fire-door, 28, 124,
128
Mechanical Stokers, description and tests of, 25,
129, Manchester, 163, 166
Mechanical Stoking versws Hand-firing, J. Proc-
tor, 120, 131; J. Newton & Som, 120, 131;
Thomas Henderson, 163 ; E. Bennis, 164, 167
Meeting at Grosvenor House, Report of, 173
Melville, W. J., Under-feeding Shovel for Grates,
52, 90, 94
Mintons' Smokeless Pottery Oven or Kiln, 30
« Miser ' Stove, Tates, Haywood & Co., 57, 92
Mitchell, T., Fireclay Grate, 51, 90
Moore, James, T. Nutt’s Economising and Smoke-
Consumning Furnace, 161, 166
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Moore, Joseph, Grate, 54, 91
Moritz, E., * Aolus " Bpray Ventilator, 32
Multiple-Staged Furnace, Michel Perret, 163
Musgrave & Co., * Ulster ’ Smokeless Stove-Grate,
B2, 90 ; Slow-Combustion Stove, 56

TABH, Thomas, Soot-Depositing Grate, 49, 89
“ Wantilus ' Grate, J. B, Petter, 51, 89

Newcome, Rev, H. J, ‘Tubular Air-Warmer," 14,
b6, 91

Newton, James, & Son, Mechanical Stoker, 131

Newton, Chambers, & Co,, the ¢ Thorneliffe * Ranga,
L

Mixon's Navigation Coal, tests of, 138, 141, 142

Nixzon's Mavigation Coal versus Northumberland
Steam Coal, 141, 142

Non-Conducting Composition, Joseph Kershaw &
Co., 149, 169 ; C. Baatsch, Slag Wool, 32 ; A,
Haacke & Co,, Fossil Meal, 32

Horthumberland Coals, testa of, 1358, 140, 142

Northumberland Steam Coal versus Nizon's Naviga-
tion Coal, 140, 142

Huatt, T., his Economising and Smoke-Consuming
Furnace, James Moore, 161

IL and Btearine Works, West Ham, Steam-bofler
at, for tests, 125, 129

Open Grates. See frafes, Open, ke.

Orvis's System of Bmoke-Consumption, Great
Britain Smoke-Consuming Company, 28, 124,
128

¢ Otto ' Silent Gas Engine tested with Dawson Gas,
113, 132 ; description and test with coal gas,
132

Ovens, gas cooking, large, description and resuolts
of tests of, 110, 113 ; Dowszon Gas versus Coal
Gas, 114

Ovens, Jurcrs' Report on, 30

TAPIER, T. B., Chimney Ventilator, 32
Parker, T. E., * Vencedor ' Grate, 13, 55, 91, 94,
151, 157

Parker's * Kyrle' Grate, the Coalbrookdale Com-
pany, 63, 91

* Parlour ' Stove, Perceval & Westmacott, 48, 88

Patent Steam-boiler Company, Knap's Mechanical
Stoker, 26, 130, 131

Perceval & Westmacott, * Parlour ' Stove, 48, 88 ;
¢ Banitary " Stove, 49

Parret, Michel, * Radiating' Stove, 48, 89; Mul-
tiple-Staged Furnace, 168

Potrolenm Heating-Stove, W. Thornburn, 153, 1567

Petter, J. B, * Nautilus " Grate, 51, 89

* Pheebus ' Reversible Grate, E. Kaulbach, 60

SAN

Pickering, W., Smoke-Consuming Hollow Fire-bars
and Bridge, 125, 128

* Pioneer " Coke Stove, J. Wadsworth, 152

‘ Pioneer ' Gias Stove, J. Wadsworth, 163, 167

Piron, H. J. Anthracite Ventilating-Stove, 13, 69, 92

Poore, W.,, & Co,, * Trinmph ' Stove, 48, 82

Portway, C., & Son, ‘ Tortoise ' Stove, 66

Potter, T, & Sons, * Thermhydric” Ventilating-Grate,
48, 88, 94

Pottery Owven, Mintons', 30

* Premier ' Stove, W. Barton, 69, 151

! Princess Lounise" Grate, E. H. Shorland, 52, 90

Prizes, Special. Bee Amards.

Proctor, James, Mechanieal Stoker, 26, 130

Pugh Brothers, Gas-and-Asbestos Fire, 106

Pumping Station, Brixton, Steam-boiler at, for
tests, 124, 136, 141

Pumping Station, Western, Metropolitan Board of
Works, trial of Nutt’s Furnace, 162

‘THADIATING and Reflecting Grate,” H. E.
Hoole, 53, 1), 94

Radiating power of Grates and Stoves, 72, 74

‘ Radiating * Stove, Michael Perret, 48, 89

‘ Radiator’ Fire-grate, the Radiator Range Com-
pany, 49, §9

* Radiator® Gas Fire, Perfect Incandescent, 5. Leoni
& Co,, 107

* Radiator ' Range, the * Radiator’ Range Company,
97, 101

* Radiator’ Range Company, the *Radiator® Fire-
grate, 49, 89; the * Radiator ' Range, 97, 101

Ranges. See Kiteheners, Hanges,

Reck's Stove, B. J. Klingenberg, 66

Redmayne Grate, 54, 91; *Miser' Btove, 6T ;
Four-pillar Stove, 58

Regenerative Kiln, Continuous, J. Dunnachie, 30

‘ Regenerator' Air-Warming and Ventilating (as
Stove, 103

‘ Regenerator’ Gas Lamp, Siemens’ Gas Light Com-
pany, 32

Retort Furnace, Vertical, J. M, Stanley, 126

Ritchie & Co., * Lux Calor ' Ventilating-Stove, 103

Koberts, W. Chandler, Frofessor, Chemical Eeport
by, on the Gases withdrawn from Flues, 34, 70

Liobinson, Joseph, & Co., Blanche's Gas Bingeing-
Machine, 114

Rosser & Russell, Fireclay Stove, 13, 49, 88;
Kitchener, 97

Russell's *Wonderful ' Grate, A, Smith & Stevens,
B3 90, 91

ANITARY Fuel tested, 142
' Banitary ' Stove, Perceval & Westmacott, 49
* Banitary " Stove, Schonheyder's, Strode & Co., 103
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Sanitary & Economic Supply Association, Dr,
Bond's * Euthermic® Ventilating Gas Stove,
pattern B, 102; pattern A, 102

Sayer's Dust-Consuming Range, M. Feetham & Co.,
o6

Schmidt, B. W. H., Steam-jets for Consuming
Bmoke, 123, 125

Schinheyder's ¢ Sanitary ' Stove, Btrode & Co., 103

Senking's Cooking-Stove, Elliott, Alston & Olney,
158

Shorland, E. H., the * Manchester © Grate, 12, 50,
88; ¢ Princess Louise,' 52, 90, 94; the Im-
proved * Manchester® Grate, 151; Warm-Air
Ventilaiing-Srove, 151

Shovel, Under-feeding, W. J. Melville, 90

* Shrewsbury ' Warming-Apparatus, William White,
115

&hu ter, Swivel, Internal, in Furpace- for Consum-
ing Smoke, A. C. Engert, 134, 128

Siemens, Dr. C. W, Prize, 9; System of Gas-and-
Coke or Anthracite Fire, remarks of the Jurors,
15; E'eetric Furnace, Siemens Brothers & Co,
32; Gas-and-Coke Fire, Wadde 1 & Main, 106 ;
Gas-and-Coke Fire, with Wiight's Bivalve, G
Wright & Co, 106; Gas-and-Anthracite Fire,
. Wright & Co., 106 ; * Car yle’ Gas-and-Coke
Stove, H. & C. Davis & Co., 106

Siemens Brothers & Co., Dr.C. W, Siemens’ Electric
Furnace, 32

Siemens' Patent Gas Light Company, * Regenerator’
Gas-Lamp, 32

Silicate Cutton, ur Slag-Wool, C. Baatsch, 32

Sinclair, George, Mechanical Stoker, 25, 130, 131

Bingeing Machine, test of Dowson's Gas in, 114

Slag Wool, C. Baatsch, 32

Blater & Co., J., large Gas Cookiog-Owven, 111, 113

Smethurst, J., smoke-FPurifyer for Steam-Boilers,
127, 129

Bmith, Archibald, & Stevens, * Wonderful ' Grate,
53, 90, 91

Smith, James, Coke-and-Coal Grate, 49

Smoke Abatement Committee, report of, 1.
chester, 143

Smoke Abatement Exhibition, opening of, 4 ; pro-
gramme, 4 ; tesls, 3, 7; lectures, 5; Jururs, 5 ;
close, 5 ; visitors, 6; awards, 5, 7; reports of
the Jurors, 11 ; chemical report, 34 ; reporis of
the Testing Engineer, 46

Bmoke Abatement Exhibition, Manchester :—Depu-
tation to South Kensivgton, 7; opening, 143 ;
tests, 7, 150; lectures, 144; The Erhibition
Heview, 144 ; Jurors, 145 ; scope of the Exnibi-
tiom, 145 ; reports of the jurors, 148; awards,
148 ; reports of the Testing Engineer, 150

Smoke Abatement Institution, National, 183

Smoke Abatement Movement, Urigin of, 2

Bmoke-and-Fume Washer, Jolnson's, Beojamin
Goodfellow, 166

Man-

]
"
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Smoke Nuisance, Legislation upon, 1

SBmoke, prevention of, in grates and stoves, 70, 150 ;
in Kitcheners, 96, 158 ; for Steam Boilers, 24,
118, 142, 161; in kilns and other fuarnaces,
30, 168

Smoke-Purifyer for 3 eam-boiler, J. Smethurst, 127;
Benjamin Goodfellow, 166

¢ Bmoke-Purifyer” Grates, Reeve & Henry's, W, I.
Henry, 55, 91, 94

Bmoke-Shades, scale of, 47 (see Frontispiece);
tabulated smoke-shades from grates and stoves,
61, 95; from coal-burning kitcheners, 06 ; from
sieam-boiler appliances, 118 ; from coals, 137,
138, 141.

Manchester :—Tabulated smoke-shades from
grates and stoves, 154, 156 ; results from kit-
chener, 158; fiom steam-boiler appliances,
161

Society of Arts” Medal, 9

‘Bolo " Grate, A. C. Engert, 50, 89

*Bolo " Grate, A €. Engert & Co., 150

Soot, in the products of combustion from grates
and stoves, 35; propertion of, 40

Special Prizes. See Adwards.

“Bpiral ' Stove, Duulton & Co., 56

Suainton, W., Frost-Proof Hot-Water Apparatus,
117

Stage-Fornace, Barber's, J. Farrar & Co., 28, 125,
129

Stanley, J. M., Hopper-fed Grate, 12, 53, 90;
Kitchener, 96 ; Veriical Retmt-Furnace, 127,
129

*Star* Heating-Stove, J. Dunnachie, 58, 92

Stark, J. C., & Co, Coxs Ventilating Gas Stove,
102 ; pas cooking-stove, 100 ; special tests, 110

Steam for Preventing Smoke :—B. W. H. Schmidt,
steam-jets over the doorway, 123; L. Juillard,
steam-inducted air-currents, 123; J. Elliotr,
steam-inducted air-currents, 123; the Great
Britain Smuke-Consuming Company, steam-
inducted air-currents, 124, 128

Steam-Boiler Appliances, Jurors' report o n, 24 ;
report of testing eogineer, 118. Manchester :
Description and results of tesis, 161

Bteam-pipe, Bare, #eraus Coated Steam-pipe, 168

Steel & Garland, * Wharneliffe * Grate, 51, 80;
* Kensington ' Grate, 54, 91 ; Redmay ne's Four-
Fiilar Stove, 58, 42

Stobbs, W., ‘Crystal’ Ventiiating Grate, 57, 92,
93 ; Beebe Kitchen Raoge, 97

Stoke-on-Trent, Mintons® Pottery Ovens, 30

Stokers, Mechanical, description and results of
tests of, 25, 129, Manchester: 163, 166

Btott, J. & Co, Bell-Acting Gas-Yalve or Goveinor,
149, 170

Stoves, Close,

alsw fFas Cooking-Sfeves and

Sfoves.

See (frates, Open and Close Stoces,
(s Heativg-



192 INDEX.

STE

Strode & Co., Schinheyder's * Sanitary ' Stove,
1053

Sugg, W, & Co., Gas-and-Coke Stove, 106; Gas
Cooking-Stove, 109, 110; Stove burning Coke,
Gas-Meter Company, 151

' Bundial ' Gas Heating-Stove, Billing & Co., 107

Sunlight Stove Company, *Sunlight' Heating-
aSrove, 58, 92 ; Dutch Oven, 100

* Bunlight’ Heating-Stove, SBunlight Stove Company,
58, 92

surrey Commercial Dock, Henderson's Stoker, 163,
16

TATI-! & Bons, Livet's system of boiler-setting at

their works, 126

Taylor, W, P., Grate with Front Indraoght, 49, 85

Temperature in the Chimpey, for grates and
stoves, Bee Chimney, Draught and Tempera-
ture.

Temperature of the Room, for grates and stoves,
70, 74 ; difference of temperature, 756 ; rise of
temperature and economy of fuel as effected
by air-heating and ventilating appliances, 76,
83 ; rise of temperature at the walls, 81

Testing Boilers, See Moilers, Testing.

Testing Engineer, Reports of :—Grates and stoves,
46 ; kitcheners, 96 ; gas heating-stoves, 102 ;
gas cooking-stoves, 109; Dows.n (Gas, 112;
heating-apparatus, 115; steam-boiler a_PP]i.
ances, 118 ; gas-engines, 132 ; fuels, 134

Manochester Exhibition: grates and stoves,
150; kitcheners and cooking-stoves, 158 ;
Dowson Gas, 160; steam-boiler appliances,
161 ; heating-furnace, 163; Accessory Ex-
hibits, 169

Testing Rooms and apparatus, 46. Manchester:
151

Tests :—Chemical tests, 5, 34, 70. BSee Testing
Engincer, Repovts of.

Tests of apparatus and fuels, programme of, 3 ;
chemical tests, 3, 54 ; number of 1ests, 7, 47;
tests at Manchester, 7, 150, BSee Yesting Fugi-
necr, Reports of.

f Thermhydric ' Ventilating Grate, T. Potter & Sons,
48, 88, 04

Thompson Brothers, Gas-Kilns, remarks of the
Jurors, 18, 19 ; Smokeless Gas Oven, 31

Thompson, H.,, * Smokeless * Stove, 52

Thornburn, W., Petrolenm Heating-Stove, 153, 157

‘ Thorneliffe ' Range, Newton, Chambers, & Co,, 97

i Tile ' Grate, Doulton & Co., 51, T

*Times * Portable Cooking-Stove, Brown & Green,
104x

{ Top-Feeding ' Stove, Dounlton & Co., 57

 Tortoise " Stove, O, Portway & Son, 46

* Tovtoize ' Lanndry-Stove, Hydes & Wigfull, 151

¢ Treasure ' Hange, T. J. Constantine, 96, 101

WIL

Trimsaran Colliery Company, Anthracites tested,
136

*Triumph * Stove, W. Poore & Co., 49, 89

Tubular Air-Warmer ' Stove, Rev. H. J. Newecome,
a6, 4l

* Twin * Bmoke-Consuming Stove, Brown & Green,
o8

J LSTER * Grate, Musgrave & Co., 52, 90
“ Universal Domestic ' Gas Cooking-Stove,
Waddell & Main, 109, 159

TAN DER HARST, Charcoal Stove, 58
“Vencedor * Grate, T. E. Parker, 556, 91, 94,
151
Ventilator, * lolus ' Spray, B. Moritz, 32
Verrier, A. B, * Comet " Grate, 49, 88
Viears, T. & T., Mechanical Stoker, 25, 131

"‘V..-‘LDIJELL & Main, Dr. Biemens' Gas-and Coke
Fire, 106; Hislops * Metallic ' Gas-Fire, 106;

¢ Tniversal Domestic * Gas Cooking-Stove, 109,
159 ; special test, 110

Wadsworth, J., * Pioneer " Coke Btove, 152 * Pio-
neer ' Gas Btowve, 163, 157

Wallsend Coal wsed for the tests of grates and
stoves, chemical composition, 38; resolts of
chemical tests, 42 ; results of mechanical tests,
burned in grates and stoves, 62, 70, 83, 88, 93,
LR

‘l.‘l-"atjrl-ﬂeatm*s, Gias, deseription and tests of, 107

Water, Hot, Apparatus for heating rooms by, Jurors’
Report on, 23 ; tests, 115, 116

Wavish, J., the * Economiser " Grate, 50; Upright
Grates for Steam-boilers, 27, 125, 129

Weardale Steam Fuel, tested, 143

Welsh Steam Coals, tests of, 157, 138, 141

Welsh Steam Coals rersus Anthracite, 140

Welton's Asbestos Grid, Duncan Brothers, 123, 128

Wéry, E. G., Atmospheric Chimney, 29, 126, 129

West Ham, 0il and Stearine Works, Steam-boiler
at, for tests, 125, 120

i Wharneliffe ' Grate, Steel & Garland, 51, 89

White, William, the * Shrewsbury ® Warming-Ap-
paratus, 115

Wigner, G. W., Gas-and-Porous-Clay Fire, 107;
Wigner & Harland’s Water-Heating Apparatus,
small burner, 108; Apparatus with large
burner, 108

Williams & Co., Duffryn Aberdare, and Lewis's
Havigation Steam Coals tested, 140

Wilson, Charles, the * New Carlton® Gas Heating-
Stove, 107 ; the * Carlton® Gas Fire, 107 ; Gas
Cooking-Stove, 109, 155, 154
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WIL

Wilson Engineering Company, Grate, &5 ; kitchener,
96, 101

Wilson Gas Producer, Bernard Dawson, 22

¢ Wonderful " Grate, Russell’s, A. Smith & Stevens,
53, 90, 91

Wright & Co., Bolton, test of Thomas Henderson's
Furnace-Front and Fire-door, 162

Wright, G.. & Co., Dr. Siemens’ Gas-and-Coke Fire
with Wright's Bivalve, 106 ; Gas-and-Anthra-
cite Fire on Dr. Siemens’ system, with Wright's

YAT
Bivalve, 106; Gas-and-Asbestos Fire with
Wright's Bivalve, 106
Wright, Jobhn, & Co., *Hygienic' Ventilating-
Stove, 48, 88 ; Gas-and-Asbestos Stove, 106 ;
Gas Cooking-Stove, 110, 159

ATES, Hn}'u:md, & Co., Under-fed Grate, 52, 90 ;
Hedmayne's Grate, 12, 54; HRedmayne's
* Miser * Stove, 57, 92




HE ANTHRACITE COAL COMPANY,

LIMITED.
Head Office : GARFIELD BUILDINGS, 150 HOLBORN, E.C.

ANTHRACITE SMOKELESS COAL.

ANALYSIS ‘BIG VEIN,’

CGwarR-CAe-Gruwes CoLpieey, GArNANT,

Mursture e ot MNone
Vilatile Matter s &) HEETT
Now=Volatile Matter, or Coke... 9060

LG0-0l)
Carbon ... I 1t
EI:.-h'--;_--u e e 308

Uxypen

Mit TirgeEry J 1-80
Sulphur... o NGE
Azh i o s e 1:67

100

The WHOCOLE of the
Anthracite Coal used for the Smoke
Abatement Trials and Tests was supplied by

the ANTHRACITE COAL COMPANY, Limited.

EXTRACTS FROM THE SMOKE ABATEMENT COMMITTEE’'S REPORT

As to Anthracite Coal for Domes=tic Purpo=es,
Pace 94 or REPORT SAYS '—

C Anthracite as a fuel appears, from the reneral results of testing, to be as efficient as Wallzsend Coal in
open grates, whilst it is decidedly more efficient in close stoves. It is also remarkably more efficient in
grates and stoves in which a supply of warmed fresh air is provided and delivered into the room. Such a
function does not appear to be fulfilled economically with Wallsend Coal as fuel.’

And as to Anthracite Coal for Steam Boiler Fuarnaces.
PacE 136 savs :

‘The Anthracites of the Anthracite Coal Company were, in general, rough of fracture and friable. The
most efficient of them for the ratio of the evaporated water to the fuel, according to column 16 of the Talile,
was No. 7, the ** Brass Pein™ Anthracite, from Ystradgunlais, by which 14-23 lhs. of water was epporated per
th. of fuel from and of 212° F, At the end of the elght hours’ trial, there was but little clinker and ash. and
the clinker did not adhere to the fire-bars.  This Anthrocite l|urr.-r.--r.l'1 19 _f.-y-fl fo he one r:f’i the hest -g.r' all Hhe
m!:m::.rh'\i that weve fesfed in r'r.l:J|j||;r.lJi'i-_-’|r |='m‘r:ru'u-|'£|'r' e'_ﬁiri-'v;ur‘y red bl micintenonce rilf"u.l'r'.-..'\c:l!r:' ol s .'.a_l'- _-.fr.lﬂ'.-.u:'_r_'

This proves that Anthracite Coal takes a high position as a fuel for all purposes, independent of the great
advantages of its entire freedom from smoke, and its economy in use and price.

All Orders for the Antbhracite Smokeless Coal shonld be zent to the abhove :ulfh'gggr where it can he
had of proper quality, and delivered in sizes suitable for every purpose, and where it can be seen in use in
improved types of Kitcheners, Sitting-room Grates, Stoves, Steam Boiler Furnace, and Smith's Forge.



Prare 1.

OPEN GRATES.

“GRAYS PATENT

THE BRITISH SANITARY COMPANY. —CARRICK'S VENTILATING GRATE,
DD
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PLaTE 2.—OPEN GRATES.

JOHN WRIGHT AND 0, —HYGIENIC VENTILATING STOVE.

:

IL' T____'jl

PERCEVAL AND WESTMACOTT.— PARLOUR
STOVE, HEATING AND COOKING.

THOMAS POTTER AND SONS.—THERMHYDEIC
VENTILATING HOT-WATER GRATE.
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PLaTE 3.—OPEN GRATES.
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ROOM
HET AR GUTLET
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A. B. VERRIER.—THE ‘COMET  GRATE,







PrLATE 4.—OPEN GRATES.

WILLIAM POORE AND 0,—° TRIUMPH  STOVE.
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PERCEVAL AND WESTMACOTT.—* SANITARY ' STOVE.






Prate 5.—OPEN GRATES.
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PrLate 6.—OPEN GRATES.

THE WAVISH PATENT FUEL ECONOMISER COMPANY.—‘ ECONOMISER ' FOR OPEN GRATES,
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GRATE.

THE ‘ BARTLET

BARNARD, BISHOP, AND BARNARDS.






PrLaTE 8. —OPKN GRATES.

FRTI [ I_.'_l-li'iil. :: i
I i!!|

R L1 L |
Qi
.1_1‘...1 4 [ il- \ .I | i

MARSHALL, WATSON, AND MOORWOOD,—THE *HARLESTON ' GRATE.
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Prate 9.—0PEN GRATES.
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PoaTE 10.—0OPEN GRATES.

THE DERWENT FOUNDRY COMPANY —THE ‘' ABBOTSFORD ' GRATE.

J. 1. PETTER.—‘NAUTILUS ' STOVI.






Prate 11.—OPEN GRATES.

STEEL AND GARLAND.—° WHARNCLIFFE' GRATE.
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E. K. HOLLANDS, — UNDER-FED GRATE.






PraTE 12, —O0PEN GRATES.

BlROWN A D GREEXN, UXDER-FED GRATE.

A, O ENGERE., = FIRE-GRATE, WITH COKING-BOX AT THE DBACK.
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PraTte 13.—0PEN GRATES.

MUSGRAVE AND CO.—F ULSTER * GRATE.

L

JOHN M. STAXLEY.—HOPPER-FED GRATE HEXEY E., HOOLE.—RADIATING AND
REFLECTING GRATE.
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Prare 14.—0PEN GRATES.

THE IMPROVED
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Prate 13.—OPEN GRATES.
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ARCHIBALD SMITH AND STEVENS.—° WONDERFUL'™ GRATE.
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DEANE AND CO.—CRANE'S AXNTHRACITE GRATE.






PrLaTE 16.—0OPEN GRATES.

CoLD AR
LT f‘f

STEEL AND GARLAND.—* KEXSINGTOX ' GRATE.

JOSEPH MOORE. = OPEN GRATE. T. E. PARKEEL. W. 1. HENRY.
THE ‘ VENCEDOR® GRATE. CSMOKE PURIFYER ' HOR GRATE (°CALPEAX').






PLATE 17.—0OPEN GRATES.
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CLARK, BUNNETT, AND C0.—INGRAM'S ‘KAIO-KAPNOS GRATE.

ELEVATION SECTN .

EROWX AND GREEN.—' LUTON' REGISTER GRATE.
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PraTE 18.

CLOSE STOVES.

THE DERWENT FOUNDRY COMPANY.—JOBSOX'S ‘ SLOW-COMBUSTION GILL-5TOVE.
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SECTION or
GREGORYS PATENT,
/em FULL SIZE rom4 LANCASHIRE

DOUBLE FLUE 3/°"4 7<" BOILER

Prate 19.—CLOSE STOVES.
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B. GREGORY.—SMOKE-BURNING FURNACE.






PraTE 20.—CLOSE STOVES.
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MUSGRAVE AND 00.-——RLOW-TOMBUSTION STOVE,

REY. HENREY J. NEWCOME —-TUBULAR ATH-WARMER.






Prate 21.—CLOSE STOVES.
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OPEN (RATE,

YATES; HAYWOOD, AND C0.—REDMAYNE'S GHRATE.

YATES, MAYWOOD AND Co.,
THE * MISER ' STOVE.
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Prate 22. -CLOSE STOVES.

CHARLES POHTWAY AND S0ON,
CTORTOISE" SLOW-COMBUSTION HEATING-STOVES.

¥

WILLIAM STOBES.—" CRYSTAL VERTILATING-GRALL,
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TOP _SLAB

Prate 23.—CLOSE STOVES.

P VENTILATION

ETOVE.

TOM-FEEDING

DOULTON AND O,
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STOVES.
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Prare 26.-—CLOSE STOVES.
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PrLaTE 27.—('LOSE STOVES.

CE

) WA

HEATING-8T0VE.

NNACHIE.—° STAR '

AMES DU

FRANEZ LONHOLDT, —AXTHRACITE STOVES,






PLATE28.—('LOSE SIOVES.
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PLAM OF IMNTEHSA

W. BARTON.—° PREMIER’ STOVE.
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Ik, W. CROSTUWAITE — ARMSTEAL- BLROWN AND GREEN,
GREGORY STOVE.

fALBION'
SIOVE,






PraTE 29,

COAL KITCHENERS.

[RLRTEN

THE WILSON ENGINEERING COMPANY.=—=THE WILSON PORTABLE KITCHEN BANGE.
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Prate 30.—COAL KITCHENERS.

JOHN M. STANLEY. HOFPPER-FED COOKING-RANGE.

E—

T. J. CONSTANTINE.—THE ° TREASURE ' COOKING-RANGE.
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Prare 31.—COAL KITCHENERS.

-y

NEWTOXN, CHAMBERS, AND CO.—THE CPTHORNCLIFFE . CODRING-TRANGE.






Prare 32.—COAL KITCHENERS.

THE EAGLE RANGE COMPANY.—'EAGLE' KANGES.






Prate 33.—CO0AL KITCHENERS.

THE SUNLIGHT STOVE CO.
WILLIAM STORBS.—* BEERE' KITCHEN RANGE. DUTCH OVEN.

THE RADIATOR RANGE COMPANY.—' RADIATOR ' RANGES.






PLaTE 34.—COAL KITCHENERS.
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PLAMN

BROWN AND GREEN.—UNDER-FED KITCHENER.
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COAL KITCHENERS.

PrLaTeE 35.

BROWN AND GREEN.—THE * GEM '’ COOKING-STOVE,

BROWN AND GREEN.—THE * TIMES' PORTABLE COOKING. STOVE,






Prate 36.—C0AL KITCHENERS.

SRS eSS

J. COURT.—VEXRTILATING KITCHENER,

RK” SMOKELESS CLOSE-FIRE KITCHENER
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J. AND J. M'MILLAN,—UNDER-GRATE FUEL-
FEEDING APPARATUS,

THE FALKIRK IRON COMPANY.— THE ‘FALKIGK'
SMOKELESS CLOSE-FIRE KITCHENER.






PLATE 37.

GAS HEATING-APPARATUS.

THE SANITARY AXD ECONOMIC SUPPLY ASSOCIATION.—DR. BOND'S ‘ EUTHERMIC ' VENTILATING
GAS HEATING-STOVE. (PATTERN A.)






PLATE 38.—GAS HEATING-APPARATUS.

SANITARY AND ECONOMIC SUPE 330 L maR A
HAD hy SO ] 1 BUPPLYX H350)- 4 = - =
DML SUEER, ARa s COX'S VENTILATING GAS HEATING-STOVE.
CIATION, — DR. BOND'S ‘ EUTHERMIC
VENTILATING GAS STOVE. (PATTERN B.)
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APPARATUS.
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BECALE 3/

ELEVATION.

8 BANITARY STOVES.

STRODE AND 0. — SCHONHEYDER






PrLaTE 40.-GAS HEATING-APPARATUS.

A 43

LOWER BOX.

GEORGE HALLER AND CO.—KOHLHOFER'S HOT-AIR GAS STOVE,






Piate 41.—GAS HEATING-APPARATUS.

RITCHIE AND ¢0.—* LUX CALOR ' VENTILATING-STOVEE,
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J. F, FARWIG AND C0.—GEORGE'S GAS *CALORIGEN.
0
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Prate 42.—GAS HEATING-AFPPARATUS.

WADDELL AND MAIN.—DR. SIEMENS' GAS-AND-COKE FIRE-GRATE,

WADDELL AXND .‘h[.\]?\'.——IIIRL{H’I}i METALLIC GAS FIRE,

o2






PLATE 43.— GA8S HEATING-APPARATUS.

CHARLES WILSON.—NEW *CARLTON ' GAS
HEATING-STOVE.

CHARLES WILSON.—THE * CARLTON :
GAS FIRE.
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ScALE 2mn

2. LEONI AND (0.—GAE FIRE.






PLATE 44.-—GAS HEATING-APPARATUS.
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8, LEONI AND CO0,—INSTANTANEOUS WATER-HEATER.






PLaTE 45,

GAS COOKING-APPARATUS.

CHARLES WILSON.—GAS COUHING-STUVE. J. O STARK AND CO.—GAS COUKING-STOVE.






PrLate 46.—GAS COOKING-APPARATUS.
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Prare 47.—GAS COOKING-APPARATUS.

G, J. COX.—" REGENERATOR ' GAS COOKING-STOVE.

J. DEAN AND SON.—GAS COOKING-STOVE, JUHE WRIGHT AND CO—GAS COORKING==TuYE,






PLATE 48.—GAS COOKING-APPARATUS.
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& LEONI AND CQ.—GAS HKITCHENER.






Prate 19.

(GAS COOKING-APPARATUS.

GAR COORING-OVEN.
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J. SLATER AND (O.—L.LRGE






PraTE 50.

STEAM-BOILER APPLIANCES.

CHUEBB AND CO,—ATMOSPHERIC-BLAST SMOKE-PREVENTING BRIDGE.
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E. L. GOWTHORPE.— SMOKE-CONSUMING BRIDGE FOR STEAM-BOILERS.
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Prate 52.—STEAM-BOILER A PPLIANCES.
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DUNCAN BROTHERS.—W, S. WELTON'S FUEL-ECONOMISER (INCLINED GRID).

W. A. MARTIN AXD 0, —SMOKE-PREVENTING FURNKACE-DOOR AND GRATE.
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PrLATE 53.—STEAM-BOILER APPLIANC
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Prate 55.—STEAM-BOILER APPLIANCES.
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THE WAVISH PATENT FUEL-ECONOMISER COMPANY. —WAVISH'S ECONOMISER AND
SMOKE CONSUMER, WITH WATEH CIRCULATON.

Sai

S

JAMPER OF SMALL BOILER
]

COLLECTING FLUC

LIVET'S PATENT IMPROVED BOILERS AND FURNACE COMPANY. —STEAM-BOILER AT THE PRINTING WORKS OF
MESSRE, CLAY, SONS, AND TAYLON, QUEEN VICTORIA STREET I:]-:.\IE'I.{.II'!.'I-:I} AR A TESTING BOILER FOR I"l.,'l':h!'.i:l,






PrLaTE 56.—STEAM-BOILER APPLIANCES.
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LONCITUDINAL SECTIONM THROUCH C.D

LIVET'S PATENT IMPROVED BOILERS AND FURNACE COMPANY.—STEAM-BOILER AT THE PRINTING \\"CIRES.UF
MESSRS, CLAY, S0NS, AND TAYLOR, QUEEN VICTORIA STREET (EMI'I.U"-’H“ A% A TESTING BOILER FOR FUELS).






Prate 57.—STEAM-BOILER APPLIANCES.
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PLATE 59.—STEAM-BOILER APPLIA NCES.

ENOWLES AND nu.s;rs;.n,—nm,mt::-sm'm's MECHANICAL STOKER.







STEAM-BOILER APPLIANCES,
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Prate 61.—STEAM-BOILER APPLIANCES.

JAMES PROCTOR. —MECHANICAL STOKER I:I[ﬂll’lil!j\'ﬁ.lfl:l.






PLATE

62 —STEAM-BOILER APPLIANCES.

JAMES PROCTOR,—MECHANICAL STORER i;la-'[ I’H'DY.F.IJ}.






PLatE 63.—STEAM-BOILER APPLIANCES.
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JAMES NEWTON AND SON,—MECHAXNICAL STOKER.
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PLATE 65.—COIL GRATES AND BOILER—GAS PRODUCER—GAS KILN.

guEELY ®iNg

COIL GRATE,
W. AND 8. DEARDE,

T | For| HEATING &
MIOTIVE FOWER |

THE DOWSON ECONOMIC GAS COMPANY,
CHEAP-GAS PRODUCER.

THOMPSON BROTHEERES.—GAS KILXN.

uu






Prate 66.—ACCESSORY APPARATUS.

CROSELEY BROTHERS,—° OTTO ' SILENT GAS ENGINE.

LA ]






Prare G7.

MANCHESTER EXHIBITION.

HYDES AND WIGFULL.—° TORTOISE = LAUNDRY-STOVE,
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THE FALKIRK IHRON COMPANY.
GAS-AXND-COKE FIRE.

E. H. SHORLAND.—THE ® MANCHESTER ' STOVE.
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MANCHESTER EXHIBITION.
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JAFFREY AND CO—SMOKE-CONSUMING GRATE.






PLaTE 69.—MANCHESTER EXHIBITION.
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JAFFREY AND CO.—SBMOKE-CONSUMING GRATE.

W, THORNBURN.
XX PETROLEUM TIEATING=8TOVES






PLate 70. MANCHESTER EXHIBITION.
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ELLIOTT, ALSTON, AND OLXEY.—SEXNKING'S COOKING-8T

FATENTIE
LOUCHEORNH

B

J. HAMUPTON.— FIRE-FROOF SMOKE-CONSUMING BHRIDCGE.







PLATE 71.—-MANCHESTER EXHIBITION.

JAMES MOORE.—XNUTT'S SMOKE-CONSUMING FURNACE.
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TIHOMAS HENDERSON —FURNACE-FRONT AND FIRE-DOOE.






PraTE 72, —MANCHESTER EXHIBITION.

TIOMAR TTEXDERSON, —MECTIANICAL STORELR.







PLaTE 73.—MANCHESTER EXHIBITION.

E. BENNIS.—MECHANICAL STOKEIR,

b






PLaTE T4 —-MANCHESTER EXHIBITION.
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THE CHADDERTON TRONWORKS COMPANY — M DOU I_ULI.L’RS MECHANICAL STOKEL.
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Prare 75, —MANCHESTER EXHIBITION.
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MICHEL PERRET.—MULTIILE-STAGED FURNACE.

JAMES S1OTT AND CO.—BELF-ACTING GAS-VALYE.
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SMOKE ABATEMENT EXHIBITION,

SDUTH KENSINGTON

THE GOLD MEDAL AND A SILVER MEDAL

AWARDED TD

BROWN & GREEN, LIMITED,

FOR GIRR AC[‘F“H AND KI’I‘GIIEN] | E4_N

THE JirE '_.h_,._ TS T P A A RN i LA b R
‘LUTON’ T ' ECONOMY
Smoke Consuming IN FUEL.
Kitchener. —

MADE VARIOUS SIZES,

WITH

ROASTING perfectly in |
FRONT of the FIRE

: OME, TWO, or MORE
or in the Oven.

OVENS.
BROWN & GREEN'S ( | PprosPECTUSES
C i and PRICES
Smoke Consuming |
Register Stove, FORRWARDED

THE FOST FREE.

" KENSINGTON.

PATENT

Sell-Acting Dampers

Cheerful, Economical,
and Cleanly.

for Kitcheners.

PATENT GEM PORTABLE
SMOKE CONSUMING Cooking Stoves,
FURNACES, DOUBLE-ACTION,

WARM AIR,
AND OTHER BTOVES.

For STEAM BOILERS and
for BAKER'S OVENS,

BROVIN. & GREEN, LIMITED
STOVE AND RANGE MAKERS, HOT AND COLD WATER ENGINEERS, &c,

69 & 71 FINSBURY PAVE MENT (Close to Moorgate Street Station). |




‘\ ﬁ“GlNEERIJVO

2
& " JANES SLATER & 60, )

Manufacturers of Patented High-Class

GAS AND STEAM COOKING APPARATUS

For which the Highest Award in our Class has been given, and the
only Award for high-class workmanship and materials.

The only Apparatuses suitable for Noblemen's or Gentlemen's Houses, and which, for the
following qualities, are not only unequalled, but unapproached by any others in the market, viz.:

PERFECTION OF COOKING, | ABSENCE OF HEAT IN THE KITCHEN,
CLEANLINESS, | LOW COST OF WORKING,
COMFORT, | DURABILITY,

CONVENIENCE, ' EXCELLENCE OF DESIGN & FINISH,

thus justifying onr claim that by their use is secured the maximum of efficiency and economy.

e

The following list shows the variety of our manufactures, each of which has several special
qualities of excellence, protected by Royal Letters Patent.

ROASTING OVENS in various sizes, VEGETABLE STEAMERS,

GAS KITCHENERS, .~ STOVES FOR HEATING ROOMS,
BOILING COPPERS, BAKERS' OVENS,

BOILERS FOR WATER OR STEAM, PASTRY OVEN

CIRCULATING BOILERS for Dwelling- GRILLING APPARATUS

houses, Conservatories, Large Insti- :
tutlmng * & HOT PLATES in all sizes.

* We are the only Manufacturers who have suceeeded in hr' ating Water, in large quantities, by Gas economically.

Examples of our Apparatus are at work and giving the greatest satisfaction at

SaxpowNy Parg, in the Tent of H.R.H. THE Messrs. Gryw, MiLLs, Curgrig, & Co.
Prixce oF WALES. | Messrs, MARSHALL & SNELGROVE.
AruspeL CastLE, the Seat of His Grace the Duke Messrs. MarLe & Co.
of NorroLgk, T.0L. Messra, Howerr, James, & Co.
SomerseT Housk, the Residence of Her Grace the Messrs, Tary & Co.
DucHess of SOMERSET. Mussrs, Joxes BROTHERS.
The Covxtess of Essex, 9 Belgrave Square. Messrs. W, D. & H. 0. WiLLs.
The Earr of ZeTLaxp, 19 Arlington Street. Hertrorp Couxty (GAOL.
Stz Cuarces H. Mines, M.P., Camclford Housze. The Rovar Horer, Blackfriars.
Lapy Mivrs, Hillingden Court. BaiLey's HoreL.
Jonx SxrLerove, Esq., Broadwater Down. The Laxenayx HoreL.
Enwarn Baston, Esq., C.E., Delabay Street. The MinLaxp HoteL,
J. C. Hawksnaw, Esq., C.E., South Kensington. The WonsairruL Coxpaxy of DrArers.

AvLrrep WaTERHOUSE, Esq, R.A., Architect, has ordered the necessary Gas Kitchener, Baker’s Oven,

Boilers, &e., for the Turner Memorial, Liverpool.
@

aa



THE EAGLE RANGE.

IMPORTANT oSy ,== G=—"9 IMPORTANT
ADVANTAGES. \J— &, )A( $—® ADVANTAGES.

5. Ovens can be heated
equaily in alf parts,
or an excess of heat
ferned on top or
hattom.

!. Requires na brickwork
fues.

2. Can be wsed with either
open ar close fre.

3. Size of fire can be in-
creased or diminisked
as reguired.

6. Very small consump-
tian of fuel with ra-
pidity and efficiency of
agooking POWErS.

4. Roasts perfectiyin front.

Highest Awards, SILVER MEDAL apd SPECIAL LADIES' PRIZE, 25 GUIKEAS, International Smoke
Abatement Exhibition, 1862, and 12 Pirst Prizes wherever shown in Competition.

THE EAGLE RANGE & FOUNDRY CO.

Is8"FREEET "STREET, LONDON, E.C.

HIGHEST AWARD, SMOKE ABATEMENT EXHIBITION, SOUTH KENSINGTON.
DO ST Y I B MED_&.L

HAR BEEN AWARDED TO THE

RADIATOR RANGE COMPANY,

43 CANNON STREET, LONDON, E.C.
I'Bll THEIR PATEHT GIRGIILAR -FRONTED OPEN FIRE RADIATOR RANGE.

THL points in which this range excelled more particularly

were oniformity of heat in ovens, large roasting fire,
back combustion-chamber for burning smoke, an indepen-
dent grilling fire, and improved ventilator for carrying off
all smells from cooking.

THERE HAS BEEN NO HIGHER AWARD GIVEN
TO KITCHEN RANGES.

Made in all sizes to suit the cottage, the mansion, or the
largest public ipstitution. It radiates five times more fire
surface than any close fire range; can 1oast three joinis
before the fire simultancously ; obviates baked and sodden
meat; burns the smoke ; saves half the fuel ; d es twice the
work of any other range ; gives uniform heat in ovens regu-
lated by one flue only ; has an independent grill fire ; venti-
lates the kitchen to perfection; ensures a continuvity of hot
water; burns coal, or coke, or anthracite; requires ne
building of brick- work.

HIGHEST H‘MRB AT THE I’iTERHiTIPEAL SANITARY EXHIBITION, LONDON, 1881,




BY HER MAJESTY’S Nori

b2 ON
CAPTAILN T. E. GCENREIES

IMPROVED SMOKE-CONSUMING

GRATES, STOVES, & RANGES,

MINEHEAD, SOMERSET.

‘Captain Clarke’s Kitchen Range appeals to those owners of the =smaller class of
property who are desirous to aid the Bmoke Abatement Committee in their endeavours to
lessen the consumption of emoke.”—Sasirary Rrcorb, .

THE ‘CALORETENTER’ OPEN FIRE GRATE

Is of the most :L]i]}m'\-‘uﬂ type, the front prujecl;:ing into the room, and furming a |1mt.iug chamber for the collection and
admission of heated air into the apartment. It has two draughts—a direct up-draught to the chimney, and a down-
draught through the fire, and thence through two side flues to the chimney. The action is simple, ooly one valve, or
damper, being employed to effect the change of draught. By turning a knob placed on the top of the front, the valve
communicating with the chimney is either opened or closed. On opening, the deanght is drawn downwards by suction
from the side flues, through the fire, and gases are nearly all consumed, so that little smoke is Pml]ucud, and the lighter
products of combustion pass up the back thmugh # =mall interstice,

THE ‘BELL,” OR ‘CURFEW’ GRATE,

Is similar in principle to the ® Caloretenter,” and is in addition suitable for ancient fire-places, Churches, Halls, &e. It
ean vither be used as a slow combustion aimuke-crmsuming close Stove, or in a moment become a cheerful OLD ENGLISH
Open Fira Grate,

LARGE NUMBERS IN USE, AND SALE RAPIDLY INCREASING.

For further particulars &e. apply to the Inventor as above.

SPECIALLY PATRONISED BY -r H.R.H. THE PRINCE OF WALES.

BARNARD, BISHOP, & BARNARDN

ORIGINAL AND EQLE MANUFACTURERS OF THE

SLOW (REGTISTERED)
COMBUSTION

Bpecially adapted for burning ‘ANTHRACITE, or
Smokeless Coal, as advocated by the ‘Fog and Smoke DESCRIPTIVE CATALOGUES POST FREE.
Committes of the National Health and Kyrle Societies.?

=  ‘NORWICH’
DESCRIPTIVE CATALOGUES POST FREE. STOV ES,

Enown as the ‘COUNTRY PARSON’S FIRE-GRATE.

One of the groat advantages of these Stoves (amongst others) is that they will burn * ANTHRACITE," or Smokeless Coal, which hﬂl:-_hl!'[‘-'ll =0
strongly recommended by the varions speakers at the recent discnssions at the Society of Arts on the subject of * London Fogs.

Manufactory: NORWICH. Show Rooms: 95 QUEEN VICTORIA STREET, LONDON, E.C.

SMOKE ABATEMENT EXHIBITION,
Messrs, BARNARD, RISHOP, § BARNARDS are in a position to prove that their Stoves consumed less fuel and
qave ont greater heat than any other domestio Grate erhibited, cspecially the * Glom" Smols Conswming frate
(Foeritt and Barnard's Patent).

4



BARTON'’S

PATENT

PREMIER STOVES

COMBINE

ECONOMY, STRENGTH, AND POWER.

15, 18, 24, 29, 33 Inches wide,
And each diameter in various Leights, to provide for all kinds of Buildings.

BURNS COAL OI CORKIE,
COEE PEEFERREED.

The Ashes and Clinkers are easily removed, without dust.

The Heat iz conducted to the exfremitics of the projecting plates, which
are elevated to assist itz passing off with the grealest rapidify.

THE READER I5 INVITED TO COMPARE THEIR EXTERMAL
HEATING SURFACE WITH ALL OTHER STOVES.

SV ABRDED

FIRST H.IZE .HEDAL, Smoke Abatement Exhibition, South Kensington and Manchester.

W. BARTON, BOSTON, LINCOLNSHIRE.

THE

THAMES BANK IRON COMPANY

UPPER GROUND STREET, LONDON, S.E.,

CONTRACTONEZ FOR

IRON PIPES FOR GAS AND WATER

AND
GENERAL SANITARY CASTINGS,

Have the Largest and most Complete Stock in the Trade.

IMPROVED BASE BURNER GILL STOVE

This Stove, suitalile for effectually heating smaill
or the Inrgest tuildings, was awarded a Bronze
Medal, e highest in its clase, at the recent Bmoke
Abatement Exhibition st South Kenzington, I&
W iz easy to arrange and economical in working.
td  According to size it will warm a lovger body of
® air than any other stove mace. A No 1, with an
exterior dinmeter of 24 inches, will thoroughly
warm 10,000 enbie feet of air.

Lamp Columns, Gully Gratings, Guard

Posts, Side Entrances, &c.
GAS RETORTS AND CASTINGS FOR GAS APPARATUS

OF EVERY DESCRIFTION,

HOT WATER BOILERS, FPIPES,
AND CONNECTIONS.

HOT-AIR STOVES & APPLIANCES.

Hot-Water and Hot-Air Apparatus erected upon the Latest
and most Approved Principle.

Catalogus Gratis. Illustrated Price Book, Twelfth Edition, Price Oue Skilling.




KORTING'S

PATENT UNIVERSAL

INJECTOR

FOR FEEDING BOILERS

Works egually well non-lifting or lifting.
Can be made to lift 24 feet.

Works with High or Low steam pressure.
Works with Hot or Cold Water.

Forces the water into the Boiler considerably above boiling
point, thereby increasing the durability of the Boiler.

IS STARTED BY SIMPLY TURNING
ORNIE: LEVER.

HKORTING'S PATIONT

STEAM-JET UNDERGRATE BLOWERS

Decrease smoke,

Cure bad draught,

Cause great saving in fuel,

Prevent the firebars from
burning,

and are used with

equally good results
for Boilers, Gas Pro-
ducers, and Heating
Furnaces in Iromn,
&teel, Chemical, and
Glass Workas.

FOR PARTICULARS APFLY TO

K6rTING BROTHERS,
17 LANCASTER AVENUE, FENNEL STREET,
MANCHESTER.




KORTING’'S PATENT -
STEAM-JET CHIMNEY VENTILATOR

Tl ' H||“|H .....

prdi ] | Is used with advantage—

To partially prevent smoke ;
To develop grealer inlensily of heat;

To increase the evaporating power of Land
| I||||""|||III it ' and Marine Boilers.

i l III|:|:|;

|

FOR PARTICULARS APPLY TO

KorTING BRos.,

17 LANCASTER AVENUE,
FENNEL STREET,

MANCHESTER.

L



btorges Patent Gas Calorigen,
WARMING & VENTI[ATINI} APARTMENTS.

The peculiarity of construction in this gas stove, which diffuses heat principally by convection, consists of an outlet
so arranged with regard to the inlet (both being external to the apartment) that only so much air passes either way as is
reguired to support and earry off the produets of combustion,

The heat woeneratd by combustion warms a thin coil of sheet iron in the interior of the stove, the eorl bemg in
eommunication at one end with the external atmosphere, and at the other with the apartment ; thus a stream of fresh air,
which is warmed in its passage, is drawn into, and equally diffused throughout, the apartment.

This stove is muade in sheet irom, and also in eopper; is suitable for warming bedrooms, sitting-rooms, and small
conservatories,

Consumption of gas, from 10 to 15 feet per hour, aceording to size of burner.

—

IPrices from X£3. 3s. unpwards.

MANUFACTURERS:

J. F. F AR VW LG e G

36 QUEEN STREET, LONDON. E.C.
Who are also Makers of the Improved Patent Slow Combustion Calorigen to burn Anthracite Coal or Coke.

ﬁ- * =, F;ig— To their Royal Highnesses the

p ;
--,ﬂ-‘il? S s Prince and Princess of Wales,

To Her Majesty the Queen,
H.R.H. the late Prince Consort.

HILL & HEY,

FLAT.THA 5=

Inventors, Patentees, and Sole Manufacturers of their Patent

‘EXCELSIOR SYPHON VENTILATORS,

FOR THE

Ventilation of Staircases of Residences and Kitchens to remove smells of Cooking,
Stables, Billiard Rooms, Chapels, Churches, Schools, Factories, Weaving Sheds, &c.,
without opening Windows or any other Inlets.

ALED OF THEIR

PATENT EXCELSIOR OUTLET VENTILATORS,

For the extraction of foul nir, &e., where fresh air is admitbed by vertical tobes,
or ather means below—and they ack with or without wind.

Successors to C. Watson, Ezq., F.R.8.A., the Inventor, Patentee, and Scle Manufacturer of the

*‘WATSON SYPHON VENTILATORS.

—

EETAELIEI—IEI& 1853,

e ——

Efficiency, Durability, and Exne.ff&m:y of Workmanship Unequalled.
PRICES and Descriptive Pamphlets, Testimonials, &c., on application.

.___.. ek




THE EUTHERMIC VENTILATING GAS STOVE,

Designed by FRANCIS T. BOND, M.D., B A.Lond., F.C.S., Medical Officer of Health,
Gloucestershire Combined Sanitary District,
WAS AWARDED

A SILVER MEDAL

At the London Smoke Abatement Exhibition, and has also
received the Medal of the Sanitary Institute of Great
Britain; a Silver Medal atthe Sanitary Exhibition, Brighton;
the Silver Medal offered by the Exeter Gas Company for
competition amongst Gas-heating Appliances generally;
and ‘Honourable Mention’ by the Jurors of the Philo-
sophical Society of Glasgow, who speak of it in their
Report as ‘AN EXCELLENT STOVE.

Full information as to this Stove and as to Dr. Boxp's other Gas-heating Appliances will be
forwarded by the Sanitary and Economic Supply Association (Limited), Gloucester, of whom also
may be obtained Dr. Bonp’s paper ‘How to Use Gas Economically and Healthily for Heating
Purposes,” which has been translated into German at the request and under the supervision of
Herr F. Sigmens, of Dresden.

AWARD OF PRIZE MEDAL, SMOKE ABATEMENT EXHIBITION, S0UTH KENSINGTON, LONDON, 1882.

BY FROYAT, LETTERS TIFTATIMNT.

CHUBB’S PATENT ATMOSPHERIC BLAST

SMOKE-CONSUMER AND FUEL-SAVING APPARATUS,

The object of this apparatus is to effect
i mri.l'lg in the consumption of foel, hy
entirely consuming the smoke and other
produocts of combustion, which are usually
nllowed to escape. To effect this object o
strong currént of afr, cansed by the diffor-
ence in temperature between the interior
of the furnace and the ash pit, Is drmwn
1.]|r||i|gll the apparatus which forms e
bridge, into the furnace itsclf. This air,
besomning intensely heated, mingles with
the nolgnited gases and emoke and pros
duees o perfect combustion. It can bo
applied to any kind of beiler, but more
partionlarly to Cornish and Lancashire
bodlers ; and has glven complete satisfuc.
| tion to those who mre using it, in regard
{ to economy of fuwel and consumption of
Labilel 18
The saving in the consumption of fuel
ia stated, by several who have adopted it,
to be 26 per cent., and in the most critical
and severe selentific experiments a minf-
mum of 12 per cent. iz acknowhedged.
The commonest conl can be used, and
the above economy In guantity of fuel
' conswmed will gtill be maintained,
This permanent bridpe-apparatus also sntisfies the Governmant Inspector in regard to the conmmption of smoke. :
It ean be placed in the boeiler by any ordinarily intelligent workman in the space of & few hours, and there is no interforonce whatever with
the shell of the boiler,
Teatimontals of the most Aattering character have been received by the propristors, and the apparatos is constantly increasing in sale,

For PRICKS AND FURTHER PARTICULARS AFPLY TO THE PATEXTEES:

CHUBB & CO., 28 New Bridge Street, Blackfriars, London, E.{F.




VICARS" PATENT IMPROVED &
MECHANICAL STOKER.&

By applying this Stoker to Steam Boilers a3
much dnty enn be obtained from FINE SLACK
as from an equal quantity of LARGE COAL of
the same quality, thereby effecting a eonsiderable
saving. It is the most perfectly Smokeless Stoker
known: to & very great extent it supersedes the
. Inbour of stoking, and its management is WTF
- simple ; the various parts of the Stoker are not
subject to much wear and tear, the bars being well
protected from the destroctive action of the five,

Recent improvements made in the above
Stoker enable the fireman when getting up
steam, before the Engine can be started, to
fire it By hand as easily as an ordinary
furnace, and new bars can be put in without
stopping the Baoiler.

In addition to the Steker being applicable to
Stenm Boilers, ik gan be adapted to Evaporating,
Drewing Pans, &c.

For Pricas and Particulars apply to
T. & T. MICARS
Enginecrs,
LIVERPOOL.
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AWARDED PRIZE MEDAL ur rv: SMOKE ABATEMENT EXHIBITION, SOUTH KENSINGTON, LONDON, 1882

This Machine evaporated 9.4 lbs. of water per 1b. of coal—water at 110°
with a very common slack, from Hingler Field Coal Co., Wigan,
the price being 3/3 per ton at the Colliery.

[The test was made by Mr. Longridge, Chief Enginesr of the Engino and Boiler Insurancs Company (Limited), Manchester, at the
mill of Mr. Bli Heyweorth, Blackburn, on the four days, Hov, 35th to 25th, 1881,

_—

PROOTO RS

NEW PATENT

MECHANICAL STOKER AND
MOVABLE FIRE BARS.

Upwards of 800 Boilers have been supplied
with these Stokers.

J. PROCTOR, PATENTEE AND MAKER.

Tuesdays and Fridays: MANCHESTER EXCHANGE, Pillar No. &

l—}g’iMMEHTON STREET IRON WORKS, BURNLEY.




THE SINCILAIR STORER

Has been Awarded a SILVER MEDAL,
BEING THE HIGHEST PRIZE GIVEM FOR MECHANICAL STOKERS,
At the SMOKE ABATEMENT EXHIBITION, SOUTH EENSINGTON, LONDON.

SINCILAIR S

PATENT MECHANIGAL SELF-ACTING STOKER.

o
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LAND, MARINE, AND LOCOMOTIVE BOILERS &c. MADE.

ESTIMATES GIVEN.

G. SINCIL-AIR,
ALBION BOILER WORKS, LEITH, N.B.

e —— Rbgwd LB
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- PAULSONS PATENT.
_ NO SMOKE,WASTE,OR

T . e W e

PAULSON'S PATENT
ECONOMICAL  SMOKELESS FURNACES FOR STEAM BOILERS, /"

=] FOR LAND FACTORIES AND STEAM SHIPPING, AND ALSO FOR DOYESTIC STOVES,
EXHIBITED BY MR. WM. PICKERING ON BEHALF OF THE PATENTEE.

[Mr. Paulson is the Inventor of the well-known * Thermal Lubricator,”)

The least costly, the most sirple, and the most effectonl of all the known appliance for preventing emission of smoke in any ease, and at
the same time economising both fuel and heat, by regulating the admission of Oxygen in superhoated air, 50 as to perfectly con ume or eonvert
the whole of the carbon., Exising Soilers can be filted and adapted of very frivial eost, in 8 fow hours, withont the suspangion of works or

the disturbance of any part of the gatting.
RESULTS AS TO STEAM BOILERS.

1.—Thowaste of the commonest coal or slack can be turned to acconnt. 7.—The heat of Stokeholes iz abwinted.
2.~The flues are exempt from fonling and the Boilers from (as much B,—A strong, constant, and steady dranght is insured in a1l wenthers

a8 possible) priming ; there is little or no clinker in the for- and situations, even with chimneys no more than 50 fest high
naces and no deposit of soot in the flues, #0 long as the chimueys overtop the next buildings, i
&.—Anthracite coal can be quickly ignited and readily burnt, 9.—The wear and tear of Boilers and Furnaees iz redoesd to the
4.=—Fuel of all kinds is greatly econombzed by eomplete combustion. minimum, 0 the Bars are almost indestenetiblo,
§.=The clusticity and power of stearn aré greatly enhanced, thereby | 10.—The smoke nuisance is perfectly prevent-d.
i T!e:a!lmg the power of Boilers in proportion to dimensions. 11.—In all respects the cost of machinery is reduced, the expenze of
~—1Lhe expense and labour of stoking and attention are much fitting up “ PAULSON'S PATEST APPARATUS ™ mot excesding
reduced, WITHOUT THE NEED OF ANY MECTANICAL ETOKER, by One Pound per Harse-power, for Ten Horse-power and upwards,
reason of aveiding the necessity for frequent stoking or even 12.—The apparatus is absolutely automatie, and does Dot roquire to
opening farnace doors, be controlled or regulated by the Engineer,

AR TO DOMESTIC BETOVES.
Compactness, cleanliness, inerense of heat, great economy of fuel, and total prevention of smoke,

Al communivations should be addressed to Mr. PICKERING, THE ISVEXTORS STYRDICATE, 21 Arundel Street | Strand, Londosa, W.r
Reference for information and inspection is kindly permitted to the NUBIAN BLACKING MANUFACTORY, Sarncon's Buibdi 3
Hill, London, E.C. ; and also to Messrs. CLARKE, NICEOLLS & COOMBES, Hackney Wiok Works, where the _A.p;ila.ﬂt.u_g N Ef:‘, E?{;‘;

with sigral success, under THE MOST DIFFICULT AXD TRYING CONDITIONS, -
11



PATRONISED BY TII'I*.'J. PRINCESS LOUISE.

By Boyul Fetters Patent.

SMOKF AE_&TEMEHT FHSEFTF T BTITOMIN .
THE ADJUSTABLE BACK FOR FIRE GRATES. MORE HEAT. CONSIDERABLE LESS COAL. LESS SMOKE

Testimeonials from various parts of the Unifed R'."ﬂgd'a:ln,
IMPORTANT INVENTION FOR P IH*"- F"\ TING W -!uSl]i. IN THE CONSUMPTION OF COALS.
If you want the heat from the fire to come info H.v vom instead of going up the chimney try one of

GRAY'S ADJUSTABLE BACKS FOR FIRE GRATES.

71 MILTON STREET, DORSET SQUARE, NW

These Backs give greater Heat, with

Less Coal and Less Smoke.
]J ractions f'ur Tae.—Flaa th ]:-im'a on bottom of f"r-u nd fasten them w i1 thi and put the back in either of tha
holes and lay it 5. I:M.I.-F-i [l.ulal:ﬂ. ] | r-hil'l'l:-'-'l'l'l: e l']' [ r.n.l:‘I' nd try i t- k. p i.-'l.-r. ween the buoks f::ee:f m dirt.
{0 1 o pass behind & 'h-:- H-t top ; the ba lt Lo _'. lose 113! t e other ; |f t, ha g made to ﬁt
Sigos .. e 9 ll'lI 1] 12 13 14 inches. le I‘mm 25 upwards,
Thie ITARY REcorD saya—* Maat neeful a ntermediary.”

THE FATENTEE IS PREP-ﬁ {ED T':l GRANT B.'GYJLLTIES ?‘DR MARKING THE ABOVE.

DUNNACHIE’S
Patent Gontinuous Regenerative Gas Kiln,

FOR BURNING FIRE-BRICKS, POTTERY, ETC.,

COMPLETELY ABOLISHES SMOKE AND SAVES
FROM b0 TO 75 PER CENIT N
COST OF EFUEL.

IN THIS KILN ALL DIFFICULTIES IN REGARD T0 MIXING AND DIFFUSION
HAVE BEEH THGRBUGHLY OVERCOME.

FOR PARTICULARS APPLY TO THE

GLENBOIG UNION FIRE-GLAY GOMPANY, LIMITED,

4 WEST REGENT STREET, GLASGOW.

13



SMOKELESS COAL.

THE WAYNES MERTHYR Celebrated Smokeless Coal is eminently adapted
for Household Purposes. It is cleanly, economical (because of its great heat-
giving power), and, because of its freedom from Smoke, the usnal discomfort

therefrom, as well as the danger and nuisance of sooty chimneys, is obviated.

Gold Medal, Exposition General de Poitiers:
Diplome d'Honneur, Exposition Havre, 1868; Diplome d'Honneur, Paris, 1875; Silver Medal
(Highest Award), Exposition Generale, Paris, 1878.

THE INCREASING DEMAND FOR THIS COAL ON THE PART OF HOUSEHOLDERS AND OTHERS
PROVES THE HIGH APPRECIATION IN WHICH IT IS HELD FOR DOMESTIC PURPOSES.

FOR PRICEsS APPLY TO

THE WAYNES MERTHYR COMPANY,

Limited,

BARTHOLOMEW HOUSE, BANK, E.C.

M. INGRAM & CO.,
12 TONMAN STREET, DEANSGATE,
MANCHESTER,
SANITARY SURVEYORS,

AND

Heating & Ventilating Engineers.

SOLE PROPRIETORS OF

JAFFREY'S PATENT SMOKE-CONSUMING OPEN FIRE GRATE,

Which '[I}ljtiliﬂcd the HIGHEST AWARD at the Smoke Abatement Exhibition
held in Manchester.

Prices from G0s. and upwards.



CONSUMPTION OF SMOKE
IN PRIVATE HOUSES.

This can be accomplished by Improved Ventilation, without new grates or any expensive alterations, by
adopting the system patented by

W. PECE A YL GE)
WOOD GREEN ESTATE OFFICES, WOOD GREEN, N.

In use in a large nnmber of buildings during the last ten years. Full particulars on application to
the Patentee as above. The accompanying unsolicited Testimonial is one of the best guarantees as to
the value of the invention.

Existing Grates may be rendered Comparatively Smokeless, and Good
Ventilation obtained, at a cost of from 30s. each.

COPY.

Mr. W. P. TaTLOR. [ 5 ttu}-xjnond‘a Boildings, Gray's Inn, London, W0, : December 7, 1881,

DEAR Sin,— Having been informed that vou are exhibiting your appamtns for the cure of smoky chimneys, I beg to add this testimonial to
tho effleacy of the same, For years I suffered the most intolerable nnisance through the smoking of the fire-places at my offices as above, bat
it is mow fem years since your apparatus was fixed, resulting in the permanent core ever since.  The dranght of air through yoor apparatos has
alwaya can a cheerful clear fira to burn, and as I understand on very good anthority, a corrent of pure heated air s thus diffu=ed through
the rooms. I have alsa had it applied by you to private houses of my own with lke perfect success. The apparatus have, moTeswer, never
required anything whatever being dope to them, and they are as good as when first fixed, and [ conseqonently have much pleasare in testifying
to these ngreeable faots, Yours truly, JOHN P. PONCIONE, JuN.

JRAS AT

SANITARY RECORD,

A Monthly Journal of Public Health and the Progress of Sanitary Science, is published

ON THE 15th OF EACH MONTH,

And is sent free by post to any part of Europe or the United States and Canada for the sum of

TEN SHIINLI.INGS PEIR ANNDM

Paid in advance, from any date, to a corresponding one in the following year.

The Subscription to the Cape, West Indies, &c., is 108. 8d., and to India, China, &c., 118.

This sum includes a handsomely bound

DIARY FOR THE YEAR,

Which is delivered some time during the month of December, and is despatched to all parts
abroad in time to reach its destination by the New Year.

Any person subscribing during the present year will be eligible for
THE DIARY F‘OR 1884.

Cheques or Post {}fﬁcc Diﬂcrﬁ to be made payable to the Publishers,
Sll'ﬁil ITH ELDER, & CO, 15 WATERLOO PLACE, LONDON, S.W.

/o



FREDK DYER,
HOT WATER, SANITARY, AND GAS ENGINEER,

66 HIGH STREET, CAMDEN TOWN,
L ONIOTIN, N W -

The Advertiser calls the earnest attention of Civil Engineers, Architects, and
Householders to the following specialities of his for which he has received the
highest Awards at the INTERNATIONAL MEDICAL AND SANITARY EXHIBITION
held at South Kensington, 1881, after careful examinations and tests by the
Judges of those Sections.

ey [ e |

lst. A Patent Hot Water Apparatus which prevents the explosions of
kitchen boilers, TIts chief feature, and that which renders it thoroughly
efficacions, is the substitution, beside the boiler, of a cylinder, furnished with a
safety valve instead of the usual hot-water-circulating cistern upstairs. By this
means hot water is rendered immediately accessible, without waiting, as is
uznally the case, to first empty the pipes of the cold water lying dormant in
them at the draw-offs. Another great advantage of this system consists in the
fact that the water can be made to circulate through hot-water-heating coils, and
for bath, and all other purposes,

Znd. An Automatic Action Tidal or Flood Trap, for the prevention of the
back-flow of sewage. The entrance of sea or other waters which are subject to
fluetuation in height is therefore entirely prevented from entering the sewers
or drains. They have been proved with the greatest pressures in cases where
other systems have failed, and may be considered most efficacious, The tide or
flood, when backing up the drain, enters the outgo branch, rises in the chamber,
and floats the ball, which, as the water rises, approaches the inlet or house
end branch, and finally beds itself firmly upon the seating, thus effectually

elosing the orifice, and preventing the water

entering the building. Consequent upon
this action, the greater the amount of
water pressure there is behind, the more
completely trapped, or sealed, the trap
becomes. By reason of the arm heing

always slightly inclined towards the inlet
branch, there is no danger of the ball stick-
ing with the arm vertical, or of its moving
the wrong way. When the water subsides
again, the ball falls with it, unsealing the
inlet, and leaving a clear passage for the
sewage, e,

drd. Besides the above special contri-
vanees, the Advertiser beps to draw the
attention of the public to a great desidera-
tum in the shape of a perfectly Air-Tight
Manhole Cover, suitable for inspeection
& chambers in drains ; grease chamber collee-
W' tion covers, and, in fact, for all shafts where
the escape of foul gases is possible.

Prospectuses of each article can be had free upon application, and References furnished

upon receipt of a note by the Advertiser.
b



CLARK, BUNNETT, & CO., LIMITED,

ENGINEERS AND FOUNDERS.
WORKS : LONDON, PARIS, & NEW YORK.

.~ SOLE MANUFACTURERS OF THE

RATID KAPNOS STEGNEEES

KITOHEN RANGES.
AWARDED A SILVER MEDAL, SOUTH KENSINGTON EXHIBITION,

Being the Highest Award for Stoves Fed in the Ordinary Way.
CATALOGUES FREE.
MANTELS IN IRON BRONZE, WOOD OR FAIENCE.
RATHBONE PLACE, W., & 9[) QUEEN STREET, E.C., LONDON,

PARIS, NEW YORK, LIVERPOOL, MAHGHESTEH BIRMINGHAM, DUBLIN, dc.

COMPANY, L™

SHROPSHIRE.

iiiiii

LONDON

SHOW ROOMS,
=]

| The most successful hraieBurnmg Grae
= 1ne Smokeless Fire with Bituminous Coal.
e The Sile Medal-Su Abtent Grate




International Smoke Abatement
Exhibition,

SOUTH KENSINGTOMN, Nov. 1881 to Feb. 1882, i : B, ...n i _
,,#EH.SHEIHLM!]Q&

The Judges have again conferred the ke N = FOR

/HIGHEST AWARD, THE SILVER MEDAL,

£ H. SHORLAND,

For the Patont first-class Smoke Consuming and Warm Air Generating MANCHESTER GRATE, ¢ At the above Grand
Internationsl Contest, in competition with the principal leading Manufacturers of the World.'
K.B.— Fide Danny TeLEG RAPH.

HOUSES, INFIRMARIES, HOSPITALS, SCHOOLS, or any kind of BUILDINGS,

- THOROUGHLY WARMED

BY THE FPATENT

MANCHESTER GRATES OR STOVES.

By their use in ground-floor rooms of houses fires in hedrooms are not required.
Thousands in use in Great Britain, Ireland, and the Continent.

To illustrate the difference in the Warming and Ventilating Power of Warm-Air Grates,
please read the following :—

TNSATISFACTORY WABMING SATIEFACTORY WARMING
OFf the new :'I-[:L]]l:hi’:s.t..{:r W urkhnu.sse, .."I-[iilln.:]ll.'sh’.tt.‘. which is | Of the new Oldham Workhouse Infiemary, near Munchester,
not fitted up with the Manchester Grates: — | gir E i Marcksatos Bitesn
Dir, Muir, H.M. Inspector of the Local Government, in s b e e e
his report of the above, says that the warming of the wards Dir. Patterson, M.D., says that there are 32 of the Man-
15 very defective, as shownin the very heavy mortality from | chester Grates (now at the present date inereased: to upwards
lung disease, no fewer than 320 ont of 789 deaths 1]il'|."11|ﬁ of 80)in the ;|,'|_H_|l.'¢~],||lirmnr:.-, giving to EVETY One concerned
been due to bronehitiz, consumptlion, and inflammation of | the utmost salisfaction ; that the wards are warm all over,
the lungs,  Additional meaps of warming were very | andabsolutely free from eold dranghts; that thereare several
urgently needed. wards of the following dimensions: 84 feet 'x 24 feet x
Fide the Magcnester Guarnpiax, Aug. 26th, 1881, [ 12 foet high, with four of the Manchester Grates in each

ward, and that with the lowest fires he has never seen the

UNSATISFACTORY WARMING temporature below 60° Fahr,, and that to-day, with moderata

OF the new Knightsbridze Barracks, where other than the | fires, the temperature of wards wasg standing at 70* Fahr,

Manchester Grates are nsed ; — at the most distant point from any Grate, and in the late

Licutenant-General Prendergast, H.M.S., Bays that it is severe frost, when cokes were used in the Manchester

impossible for these Barracks to be warmed by means of the | Grates the temperature got up 75° Fahe., at which point it

grates now in use there, and that the soldiers shiverin their hecame necessary to discontinue two of the fires.— Fide the
beds under their blankets.—I7ide the Brirnive News, | FieLp, December 20th, 1879,

Lllustrated Sheets and Hundreds of Testimonials on application. One just to hand says that, for the
"'i.l.fnr_-mmg of a Bedroom by the Warm Air generated by means of the Manchester Grate fixed in his
Dining Hoom, on ground floor, is far superior to anything he had seen in his travels either in Burope
or America, and thinks it a matter of regret that they are not used in every house,

In use I'i:i Palace, Jails, Churches, Billiard-Rooms, Banks, Workhouses, Mansions, Cottages, Schndfé;
Police Cells, the Royal Observatory, Asylums, H.M.'s Government Offices, Barracks, dc. dc.

E. H. SHORLAND (late SHILLITO & SHORLAND),

Sanitary Warming and Ventilating Engineer,

THE MANCHESTER GRATE, STOVE, AND VENTILATING WORKS,
ST. GABRIEL’'S, MANCHESTER.







