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PREFACE TO THE THIRD EDITION.

e i

THE art of warming and ventilating buildings in a
manner most conducive to health, convenience, and
economy, has been discussed during many years with
ah earnestness which has increased with the Increasing
interest of the public. The scientific Chemist, the
popular Lecturer, the Engineer, and we may hope in
Some cases the Architect and the Builder, have not
failed to convince their readers and hearers how and
why it is that constant supplies of pure air are even
MOTe necessary to health than the artificia] warmth by
which the rigours of our uncertain climate are mitigated.
More than one-half the diseases which afflict humanity
have been referred to the breathing of impure air, and
a large proportion of our ailments certainly originate in

our imperfect methods of warming,

Admitting, then, the importance of the subject, it
seems to be equally important to furnish the public with
accurate information thereon, in a cheap and popular
form. The art of warming and ventilating depends

On matural principles of great beauty and generality,
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which have been clearly made out by the scientific
chemistry of the last three-quarters of a century.
These prineiples are expounded at some length in the
following little work, now issued for the third time;
but as their application involves a description of other
men’s inventions, and a compilation from other men’s
books, I have made free use of the labours of writers
who have preceded me on the subject; but I am not
aware of having taken a single line from any one without
due acknowledgment, even though most of the books
referred to have little more than a historical interest.
Some valuable Parliamentary Reports, General Morin’s
recently published Efudes sur la Ventilation, and the
general progress that has been made in the subject
during the last ten years, have entailed considerable
labour on me in preparing this New Edition. The
object has been, not to produce a technical work, but
to explain to the general reader, whether lady or gentle-
man, the vast importance of the art of warming and
ventilating, and the principles on which the successful
practice of the art depends, whether in one’s own house,
or in a public building. I have also introduced a
number of historical details which are curious and
interesting, not only as marking the slow growth of
real improvement, and the difficulty men have in grasp-
ing a new idea if a change of habit is involved in its
acceptance, but also as illustrating some of the varied
phases of our common nature. It is hoped that these
arnusing details will not make the book less interesting
to those who seek to become acquainted with the beau-
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tiful laws on which warming and ventilation depend;
the principle of the latter art being, in fact, identical
with that by which nature ventilates our globe—a hot
ascending current from the warm regions, while the
cooler air streams in at a lower level from the temperate
regions.

Kme's CoLrLEGr, LoNDox,
Lebriary, 1864,
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WARMING AND VENTILATION.

INTRODUCTION.

ON THE PHYSICAL AND CHEMICAL PRINCIPLES CONCERNED IN
THE ART OF WARMING AND VENTILATION,

Ax inquiry into the constitution and uses of our atmosphere
in the economy of nature and art, is caleulated to promote a
solemn feeling of admiration and gratitude. This wonderful
creation encloses within its capacious curves, like a vast dome,
the widely extended kingdoms of nature, to which it ministers
materials for growth, health, and enjoyment, and by its trans-
parency reveals to intelligent beings a glimpse of other crea-
tions beyond its limits. At one time, it stands in simple
grandeur as a vault of tender blue, displaying the glorious sun
and the landscape smiling beneath ; at another time, its sur-
face 1s chequered with fleecy clouds,—*the beanteous sem-
blance of a flock at rest,”—or alpine heights of more than
silvery brightness, or huge piled-np masses, dark and frown-
ing ; all contributing to form wondrous variety and beauty in
the aerial scenery, and giving to the landscape below the ever
varying charms of light and shade. Again, the blue of this
gplendid ceiling becomes deeper and deeper, and bright golden
points shine out here and there, increasing in number until
the whole surface appears as if richly studded with gems.

If these great and glorious sights were of rare occurrence,
or could only be witnessed from a few chosen spots on the
earth’s surface, they would stimulate our curiosity, and we
should eagerly hasten to those spots, or read the descriptions
and gaze at the pictures which travellers and artists had

B
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prepared for us. But their common oceurrence canses them
to be viewed with indifference. There are also many hidden
wonders connected with the atmosphere equal in beauty to
those which appeal directly to the eye, but requiring study
for their due appreciation. The atmosphere is a scene of
incessant restless activity. The heat of the tropical sun upon
the earth sets the air in motion, rarefies and causes it to
ascend ; meanwhile the air from cooler regions rushes to-
wards the equator to supply the impending vacuum, and it
performs various useful offices on its way., Here it is the
trade wind or the monsoon ; there it 1s the sea or the land
breeze ; in a third place, it is the hill and valley breeze—all
giving health and refreshment to places which otherwise
might be uninhabitable. Meanwhile the heated ascending
air of the equator proceeds on its useful mission in the
direction of the poles, forming an upper current, desecending
in some places and mitigating the cold of temperate regions,
as the under current tempers the heat of tropical climes,
The heat, too, which gives force and activity to these aerial
currents or vast natural ventilators, also raises the waters of
the ocean and charges the air with moisture; this moisture
ascends and forms clouds, those busy and active water-car-
riers which traverse the unobstructed regions of the sky, and
pour down their treasures on the city and the plain, and on
the desert where no water is, filling the mountain cisterns,
whence gush out the springs and rivers; and these descend
in a meandering course, and diffuse beauty and blessing on
the lower lands long after the rain cloud has been dissolved.
It is the resistance of the atmosphere that causes the rain to
come down in gentle drops, and thus gradually to diffuse its
refreshing influence, instead of falling in torrents and cata-
racts, as it otherwise would, without the retarding and sepa-
rating influence of the air. It is the atmosphere whick
dispenses the white fleecy flakes of snow to the temperate
regions, whereby the earth is covered and protected from the
chilling influence of a low temperature ; the air, too, is the
region of mists and fogs, which bring moisture in a still more
gradual manner ; a cold current of air blowing over a warmer
stratum of air, and cooling it, thereby rendering its moisture
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visible ; or, after sun-set, the river may be warmer than the
air, and the escaping vapour condenses into large rolling
masses. But we especially notice the beneficial effects of
differences of temperature between the air and the earth in
the formation of dew; the moisture which the heat of the
day had exhaled from the earth is deposited when a cloudless
sky allows the earth to radiate its heat into space, and to
cool down below the temperature of the air; the refreshing
moisture is then condensed upon vegetation and upon sur-
faces where it is most needed.

Not only are we able to trace in the atmosphere those
great and regular motions which bring about an interchange
between the air of the equator and that of either pole, but
there are other motions, apparently more fitful and irregular,
in the winds, which blow from all points of the compass,
and tend perpetually to restore the equilibrinm of heat and
moisture.

How wonderful, too, is the action of the atmosphere on
light. By its means the sun’s rays are diffused, and their in-
fluence extended from the sunshine to the shade. Were it
not for the atmosphere, the sun would shine in an intensely
dark sky, and no object would be visible unless the solar rays
fell directly upon it. Sun-set would be a sudden transition
from light to darkness; and sun-rise a painful change from
intense darkness to intense light. But under the present
wise and providential arrangement, the transition from day
to night is calm and peaceful ; the sun departs in splendour,
like a monarch attended by a gorgeous court, leaving a mild
and subdued scene of beauty behind ; the soothing influences
of evening gradnally steal upon us, and new scenes of wonder
and beauty gradually become unfolded. After some hours of
peace and rest, the portals of the eastern sky slowly open,
and one rosy messenger after another ascends to announce
the advent of the king of day.

In addition to these complicated duties which the atmos-
phere has to perform, there are yet others still more wonder-
ful. A large number of the operations of nature are, as it
were, daguerreotyped in the air in such a manner, as to
convey to sentient and intelligent creatures information of

B 2
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what is going on. The murmuring of waters, the tinkling of
rills, the whispering of winds, the sound of the forest in the
blast, the rush of the cascade the roar of the ocean, and the
roll uf the thunder, are only certain motions among material
bodies, which impress their own peculiar characters on the
air, and form what are called sounds. Sounds are of so
numerous and, at the same time, of so distinctive a character,
that a large portion of every language is appropriated to
their precise description. Thus, to define a few of the sounds
emitted by certain animals, we speak of the lowing of cattle,
the Dbleating of sheep, the cawing of rooks, the cooing of
pigeons, the hissing of snakes, and many others. These
sounds, expressive of certain wants and motions, feelings and
sympathies, have, doubtless, an intelligent meaning among the
respective species of animals to which they apply ; but both
sound and its perception are alike dependent on the atmos-
phere. The phenomena of sound and of hearing, however,
obtain their most perfect and exalted development in articu-
late speech, by which intelligent and responsible creatures
are enabled to shape air into words, those swift and winged
messengers by which we express our wants and feelings, by
which we advise, instruct, or admonish others, share in their
joys, their sorrows, and affections. Inferior only to articulate
speech is the language of musie, which, like the beauty
produced by form and colour, is an invention calculated to
promote the happiness of man.

The uses of the air in the arts of life are innumerable. It
is the cheapest and most effectual prime mover; we have
merely to supply the tools, the machinery, and the work to
be done, and it will labour with untiring activity. It wafts
our ships over every sea, turns our mills, raises water in
our pumps, accompanies the diver in the diving-bell, bears
up the balloon, feeds our furnaces: but here we come to =
distinct scries of valnable offices performed by the atmos-
phere, if possible even more extensive and important than
those already referred to. The chemical history of the
atmosphere is even more wonderful than the physical,* and

# The physical properties of the atmosphere are investigated in “ Rudimen-
tary Pneumatic.”
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will now require, for the object of the present essay, a few
details.

The atmosphere is composed essentially of two gases,in a
state of mechanical mixture, named oxygen and nitrogen. In
its pure state, oxygen is chiefly remarkable for its energetic
properties in promoting combustion, combination, and various
other chemical changes. A taper, with a mere spark of fire
in the wick, will, when plunged into oxygen, burst into flame,
and burn brilliantly ; iron wire, made red-hot at one extre-
mity, will burn away with the greatest ease in this gas. An
animal, in an atmosphere of pure oxygen, suffers from excess
of vital action ; its pulses throb with increased rapidity and
vigour ; the vital spark, as it were, bursts into flame, and
destroys the animal. Nitrogen (or, as it is sometimes called,
azote) is apparently as inert in its properties as oxygen is
active. It supports neither life nor combustion, and one of
its uses, if not its principal use, in the atmosphere, seems to
be to dilute the oxygen, and to subdue the wonderful energy
of this vigorous element to the endless number of useful pur-
poses which it has to perform in the economy of nature. The
proportions in which these two gaseous bodies are mingled
are very unequal ; every atom or particle of oxygen in the
atmosphere is accompanied by four atoms or particles of
nitrogen ; or, in other words, if we take a measure of any
capacity, divided into five equal parts, and decant into it four
parts of nitrogen and one part of oxygen, we get a mixture
which, as regards the rougher tests of respiration and com-
bustion, is identical with pure atmospheric air,

In the great chemical operations of nature which are
dependent on the atmosphere, oxygen passes through varions
mutations, and enters into new combinations, which form the
basis of grand and wonderful contrivances. Some of the
most important of these operations depend on the process of
combustion, of which the following is a simple illustration :—
A piece of wax taper (Fig. 1), fixed in the centre of a cork,
is lighted and floated on the surface of water in a shallow
dish ; if this be enclosed within a bell glass, the mouth of
which dips into the water and rests on the dish, the air of
the glass will be cut off from any communication with the
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external atmosphere. The flame of the taper will immedi-
ately diminish, and in a few seconds be extinguished. On
examining the air left in the glass, it will
be found incapable of supporting animal
life or combustion: four-fifths of the
original bulk of air is still nitrogen, and
this is apparently unchanged ; the remain-
ing fifth is no longer oxygen, but a com-
—ll__ pound of oxygen with the carbon and
-3 hydrogen of the flame—oxygen and car-
bon producing carbonic acid, and oxygen

Fig. 1. and hydrogen producing water, which, in
the form of vapour, condenses on the inner surface of the glass.

Now the product of combustion, called carbonic acid, is
incapable of supporting life and combustion, and thus re-
sembles nitrogen. DBut there are important differences
between them—mnitrogen is a little lighter than its own bulk
of atmospheric air; carbonic acid is considerably heavier ;
nitrogen is an elementary or simple substance—that is, one
which has never yet been resolved into two or more dissimilar
parts ; carbonie acid, on the contrary, is a compound capable
of being separated or decomposed into carbon or charcoal,
and oxygen. DMoreover, pure nitrogen, shaken up in a bottle
with a little lime-water, produces no change on the lime-
water ; carbonic acid renders it turbid, by combining with
the lime and rendering it insoluble; nitrogen is scarcely
absorbed by water, but water absorbs its own volume of ear-
bonic acid ; nitrogen has no taste or smell, carbonic acid has
a sharp taste and an acid reaction. Hence, it will be seen
that these two bodies, which have the common property of
extinguishing life and preventing combustion, are marked by
characteristic differences.

Some idea may be formed of the enormous demands on
the oxygen of the atmosphere for supporting combustion,
from the fact, that a single iron furnace burns or consumes,
in the course of twenty-four hours, not less than three hundred
and ten tons weight of atmospheric air, or as much as would
be required for the respiration of two hundred thousand
human beings within the same period.
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Carbon, which forms the solid basis of most fuel, and in a
minutely divided state renders flame luminous, is a simple
substance, and exists in nature under a variety of forms. Its
purest form is the diamond, as is proved by the formation of
carbonic acid only, when it is burnt in pure oxygen. Char-
coal and colke are other well known forms of carbon, the one
obtained from wood and the other from coal. Coal is a
compound of carbon, hydrogen, nitrogen, and oxygen, with a
mineral and earthy residue. Wax, tallow, &e., are com-
pounds of carbon, hydrogen, and oxygen.

Hydrogen, which is the source of all common flame, is the
lichtest substance that has ever been weighed : it is more than
fourteen times lighter than its own bulk of atmospheric air
at the same temperature ; it supports neither life nor combus-
tion. A lighted taper plunged into it is extinguished, but the
hydrogen itself takes fire and burns at the mouth of the jar,
where it i1s in contact with the oxygen of the air, with which
it unites and forms water. One volume of oxygen combines
with two of hydrogen to form water; or by weight, one
grain of hydrogen unites with eight grains of oxygen, and as
the hydrogen 1s sixteen times lighter than its own bulk of
oxygen, 1t follows that one grain of hydrogen will oceupy
twice the bulk of eight grains of oxygen. Pure hydrogen
burns with scarcely any light; in the flame of our lamps,
candles, gas-lights, &e., the minutely-divided carbon, in rising
up through the flame, becomes white hot, and presents innu-
merable luminous points; at the exterior of the flame the
oxygen of the atmosphere seizes the minute atoms of carbon
as they eseape, and, by combining with them, forms invisible
carbonic acid. A cold snbstance, such as a piece of glass or
metal, held over a flame for a moment will condense a por-
tion of the carbon in a minutely-divided state. If a lamp
have a deficient supply of air it will smoke ; that is, a portion
of the carbon of the flame will escape without combining with
the oxygen of the air. Lamp-black is formed by burning oil
in a close chamber, with a deficient supply of air,

Hydrogen unites with nitrogen to form ammonia, for which
purpose three volumes of hydrogen are required to one of
nitrogen. This subsfance is pungent and acrid, but when
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diluted with air is an agreeable stimulant. It is very soluble
in water, which at the temperature of 60°, takes up 727 times
its bulk of the gas. Ammonia is an alkali, and combines
readily with acids, producing an important class of ammo-
niacal salfs.

Nitrogen and oxygen combine to form nitric acid, one part
of nitrogen uniting with five parts of oxygen. Not only are
these numbers different from those which represent the com-
position of the atmosphere, but the mode of combination is
different. The oxygen and nitrogen of the atmosphere are
mixed mechanically, just as a portion of fine sand diffused
through water may be said to mix with it without combining,
In either case, the bodies preserve their own peculiar pro-
poities; or the properties of the compound form a mean
between those of its component elements. But in a chemical
combination Dbetween two bodies, a third body is formed,
the properties of which need not, and seldom do, resemble
those of the component elements. Thus sulphur and oxygen
combine chemically to produce sulphurous or sulphurie acid,
substances the properties of which are quite different from
those of the sulphur and oxygen which produce them ; the
sulphurous has also different properties from the sulphuric.
5o with nitrie acid : this compound has none of the properties
of the constituents of the atmosphere, but a new set of pro-
perties peculiar to itself. This powerful acid may be formed
artificially in various ways, but only one need here be men-
tioned. By passing a succession of electric sparks through a
mixture of oxygen and nitrogen, this acid is formed ; so also,
during a thunder-storm, the lightning striking through vast
masses of atmospherie air, produces nitric acid, which, combin-
ing with ammonia, also formed in the atmosphere, descends
with the rain upon the earth in the form of nitrate of ammonia.

Now the object for which these details have been brought
forward, is to enable the reader to take an enlarged view of
the process of combustion, for this, in fact, constitutes the chief
means by which nature accomplishes her annual eycle. An
accurate knowledge of the homely processes of warming and
ventilation depends upon a clear insight into the principles
of combustion, and it is only an oft-repeated truism, that our
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useful arts become more efficient in practice, more economical,
and more conducive to our happiness, in proportion to our
knowledge of the principles upon which they depend. Now,
according to the common acceptation of the term, combustion
is the rapid union of a combustible with a supporter of com-
bustion, whereby new compounds are formed, heat and light
accompanying the formation, Thus a piece of iron wire or
of phosphorous ignited and plunged into a jar of oxygen gas
burns vividly, the metal falling in molten drops of oxide
amid showers of scintillations, and the phosphorus emitting a
flood of painfully vivid light. In this process, the oxygen
and the iron unite to form a third substance, oxide of iron;
the oxygen and the phosphorus also form a third substance,
phosphoric acid. If, however, the iron be exposed long
encugh to the atmosphere, the oxygen will combine with
it in precisely the same manner, and form oxide of iron ;
months or even years may be required for the completion of
the process which in the jar of oxygen was accomplished in
a few seconds ; but the result is the same. The same
amount of heat is evolved by the combination of the oxygen
and the iron during the slow process of rusting, as in the
rapid process of burning. So also with the phosphorns. A
piece of this substance exposed to the air combines with the
same amount of oxygen, and evolves precisely as much heat
during the time that it slowly wastes away, and produces
the same weight of acid as it would do if burnt in a jar of
oxygen.

Now it must be evident, that if a process, rapidly brought
about in one case and slowly in another, produce the same
results, we do not add to our knowledge by associating dif-
ferent names and different trains of thought with the one as
compared with the other; on the contrary, we disembarrass
the subject by considering the processes as identical. Whether
the combustion be rapid or slow, it is still combustion.
Undoubtedly there are cases where slow combustion is not
possible. A piece of coal and the oxygen necessary to its
combustion may remain in contact for centuries without un-
dergoing any change; but the moment a spark of fire is
introduced, they begin to combine and soon disappear, with

B J
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all the more obvious phenomena of combustion. In such a
case, all we can say is, that a high temperature is necessary
for the combination; but this case does not disturb the view
we are endeavonring to impress upon the reader, that combus-
tion may be a very slow process as well as a very rapid one.

Let us take another case of combustion. If a portion of
the solid food of animals be placed in a red hot platinum
crucible, it will burn away ; its carbon will unite with oxygen
from the air and form carbonie acid ; its hydrogen will unite
with oxygen from the air and form water ; its nitrogen may
escape free, or it may unite with a portion of its hydrogen,
and form ammonia; and in this way all the gaseous volatile
products will be expelled from the crucible, leaving behind
only a small portion of ash, which consists of salts, some of
which are soluble in water and others insoluble in that fluid.

Now, in a chemical point of view, the living animal frame
is a real apparatus for combustion; it is a vital furnace, in
which the carbon supplied by the fuel, which we call food, is
burnt, and, combining with oxygen, escapes by the lungs
and the skin into the atmosphere, under the form of carbonie
acid. In this apparatus also the hydrogen of food 1s burnt,
and uniting with oxygen, escapes as aqueous vapour; the
nitrogen of the air, as taken into the lungs, is again exhaled
by respiration, but the nitrogen and soluble mineral portions
of the food are rejected, the one in the form of urie acid and
urea, the other in the fluid form ; while the insoluble mineral
portions of the food are rejected in the solid form.

Now every portion of food which a person of mature age
talkes into his system, is thus dispersed from day to day. In
infaney and youth a portion is retained to form materials for
growth; in old age, the individual loses more than he re-
reives, and, consequently wastes slowly away. Dut, in each
case, the natural process is similar to the artificial one repre-
sented in the heated platinum crucible. We cannot, there-
fore, resist the evidence that the combustion of food, whether
in the animal or in the crucible, is one and the same process;
the only difference being, that in the erucible the heat is
intense and the process rapid; in the animal, the heat is
moderate and the process comparatively slow. That which
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is called animal heat (98° Fahr.), is in fact the hLeat of com.
bustion, and the object of the domestic processes of warming
and ventilation is to enable the animal to maintain this heat,
and to convey away the gaseous products of combustion as
fast as they are formed. The soluble and insoluble products
of combustion are conveyed away by other natural means
above referred to; and it will be our duty hereafter to show,
that it is as unwise to neglect the means for clearing off our
gaseous excretions, as it would be insane and unnatural to
attempt to retain those of another kind.

Another proof of the identity of the two processes, is that
nature disposes of the products of combustion in precisely
the same manner, whether derived from ordinary combustion
or animal respiration. The vegetable kingdom is the grand
laboratory wherein these products of combustion are decom-
posed and elaborated into new combinations. Plants inhale
or absorb carbonic acid, decompose it, retain the carbon as
materials for growth, and return the oxygen to the atmos-
phere; plants absorb water or aqueous vapour, decom-
pose it, retain its hydrogen, and also return the oxygen
to the atmosphere; plants, it is imagined, sometimes take
nitrogen directly from the air; they certainly take it in-
directly from ammonia or its salts, including nitrates., Thus
it will be seen that the chemical function of plants is directly
the reverse of that of animals—the animal kingdom consti-
tuting an immense apparatus for combustion ; the vegetable
kingdom an equally grand apparatus for reduction, in which
reduced carbonic acid yields carbon, reduced water its hydro-
gen, and in which also reduced ammonia and nitric acid
yield their nitrogen, which is built up with the other elements
into more complex orgenic products. The organic matter
which constitutes the food of animals is destroyed by them,
and rendered for the most part inorganic; this, in its turn,
becomes the aliment of plants, the materials with which plants
elaborate organic compounds, the atmosphere serving as the
means of communication between the two kingdoms. Organic
vegetable substances pass ready formed into herbivorous
animals, which destroy a portion of them, and appropriate
the remainder as materials for growth. From herbivorous
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animals these organic matters pass ready formed into the
carnivorous, who destroy or retain some of them, according
to their wants. The herbivorous animals are slaughtered
for the use of the carnivorous, and when these, in their turn,
cease to live, they decompose, and the atmosphere again takes
up, in various ways and by various processes, the materials
of which they were composed.

The great stimulus which gives motion to the wonderful
machinery of the vegetable world is solar light. Under its
influence, the carbonie acid yields its carbon, the water its
hydrogen, the ammonia its nitrogen. It is not for the pur-
pose of purifying the air that plants are especially necessary
to animals, Their great use is to furnish a never-failing
supply of organic matter, ready prepared for assimilation—
fuel, in short, which animals can burn for their own use. The
purification of the air by vegetation is a remote service ; the
other service is so immediate, that if it were to fail us during
a single year the earth would be depopulated.* The mean
amount of carbonic acid in the atmosphere is scarcely one
volume in 2,000, which is a surprisingly emall quantity, when
we consider how numerous and productive are the sources of
this gas. Voleanoes, fires, animals, fermentation, and decay,
are constantly producing it, nor will the quantity given off by
a single individual appear insignificant, when it is stated that
an adult man requires, for the purposes of respiration, during
the twenty-four hours, about 1266 oz., or 16:73 cubic feet
of oxygen, producing 28,912 cubic inches of carbonic acid.
As the volume of that gas is equal to 85 per cent. of the oxygen
inhaled, it has been inferred (allowing 15 per cent. for the
amount of oxygen fixed by hydrogen, &e.) that not less than
26'7 oz., or more than 14 1b. of oxygen, are consumed daily
by every adult; and allowing 14 oz. of dry solid matter to
be thrown off by the intestinal canal, and 2:2 oz. of solids by

# The chemical relations between the three great kingdoms of nature are
slated at greater length in our “ Essay on the Application of Chemistry to
Agriculture,” appended to Professor Fownes' © Rudimentary Chemistry ;” but
the reader who desires to pursue the subject further, is referred to Licbig's
“ Chemistry in its Application to Agriculture,” DProfessor Johnstone's
“Elements of Agricultural Chemistry and Geology,” and also to a Lecture by
M. Dumas, on the “ Chemical Statistics of Organised Beings.”
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the urine, the whole of the remaining portion of the food
(exclusive of about 4} Ibs. of water eliminated by the kid-
neys and the skin) must pass off in the gaseous form by the
lungs.* These numbers vary with different individuals,
and also in the same individual at different periods of the
day; but limiting our attention for a moment to the car-
bonic acid, it is found that the more vigorous the circulation
the greater is the amount of that gas exhaled: the greater
too is the proportion in winter than in summer ; after a meal
than when fasting (varying too with the nature of the food) ;
more of this gas is exhaled when awake than when asleep,
in the proportion of 4 to 3 for the same number of hours;
more carbonie acid is exhaled by children than by adults,
in consequence of the greater activity of the vital func-
tions; more by male adults than by females, unless of the
same stature, and then the proportions given off by the two
sexes are about equal. In fact, the amount of carbon ex-
haled in the form of carbonic acid from the lungs and skin
of an adult man in the twenty-four hours, amounts to about
81 oz. ; of which quantity the surface of the skin contributes
only one-third of an ounce. In cold blooded animals the
respiration through the skin is more extensive. Hybenating
animals, such as the marmot, do not consume more than one-
thirtieth of the oxygen that they require in the active state.
In the adult male about eighteen or twenty respirations are
made per minute. The volume of air at each respiration may
be taken at about 30 cubic inches, and this with twenty respi-
rations per minute would require not less than 500 cubic feet of
air to pass through the lungs in twenty-four hours. In this pro-
cess the blood is exposed to the action of the atmospheric air,
during which exposure it undergoes certain changes. “ The
blood from the right side of the heart, when it enters the lungs,
is of a dark red colour; it is then dispersed in a state of most
minute subdivision through the ultimate vessels of the lungs,
and in these vessels is brought into contact with the atmos-
pheric air, when it becomes of a bright red colour. In other
words, the blood changes in the lungs its venous appearance
and assumes the character of arteriul blood, The blood thus

* Miller, * Elements of Chemistry,” Part III,
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arterialised, returns to the left side of the heart, from whence
it is propelled through the arteries of the body. In the
minute terminations of the arteries, the blood agﬁin loses its
florid hue, and, reassuming its dark red colour, is returned
through the veins to the right side of the heart, to be exposed,
as before, to the influence of the atmospheric air, and to
undergo the same succession of changes.”"— Prout,

On examining the respired air, it is found that a portion of
its oxygen has disappeared, and a similar bulk of carbonic
acid has been substituted. While oxygen gas is passing
inwards through the membrane of the lungs, carbonic acid is
at the same time passing outwards through the same mem-
brane. In fact, the oxygen of the air is absorbed by the
blood, and in some unknown state of combination reaches
the extreme subdivision of the arteries, where it is united
with a portion of carbon, and forms carbonice acid gas, which
gas also, in some unknown state of combination, is retained
in the venous blood, till in the lungs it is expelled, and
oxygen is absorbed in its stead. Along with the carbonic
acid, a quantity of aqueous vapour is separated from the
blood, amounting to about 1 lb. from the lungs, and 1% 1b.
from the skin, in the twenty-four hours.

One great object of this process is the produetion and
maintenance of animal heat. Thereis a gradual combustion
of the carbon and of the hydrogen supplied by the food
through the medium of the respired oxygen, as already stated.,
Now the carbonic acid which is the result of this process
probably owes its noxious action rather to the mechanical
obstruction that it offers to the escape of gas already in the
blood than to any directly poisonous action. It acts, how-
ever, in destroying life if in sufficient quantity. DMoreover
the water given off by the lungs is not pure water, such
as is liberated in the process of distillation or evaporation,
but is contaminated with the most offensive animal effluvia,
M. Leblanc states, that the odovr of the air at the top
of the ventilator of a crowded room is of so noxious a
character that it is dangerous to be exposed to it even
for a short time, If this air be passed through pure
water, the water soon exhibits all the phenomena of putre-
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factive fermentation. The water of respiration, thus loaded
with animal impurities, condenses in the inner walls of build-
ings, and trickles down in feetid streams. In the close and
confined dwellings of the poor, this vapour condenses on the
walls, the ceiling, and the furniture, and gives that perma-
nently loathsome odour which must be familiar to all who
take sufficient interest in the poor of large towns ever to enter
their dwellings. Take up a chair, and it is clammy to the
touch, and the hand retains the ill odour; and, if the poor
people are remonstrated with, on the ground of want of
cleanliness, they say that the supply of water is scanty, and
what little they have must be dragged up-stairs from the yard
or cellar below. The low state of health induced by such
abodes produces a chilly sensation, even in summer, which
renders the occupants averse to open windows, and in many
cases, in consequence of the crowded state of the district,
and the feetid odours emitted from the sewer traps in the
streets, an open window is a questionable remedy for bad
ventilation,

We sce, then, that there are many causes which render
resplred air injurious, if allowed to enter the lungs a second
time. In proportion as the air of a confined space becomes
vitiated by respiration, the quantity of carbonic acid increases,
and as chemistry furnishes the means of determining this
increase, while the other noxious products of respiration
escape exact analysis, the amount of carbonic acid may be
taken as the exponent of the degree of vitiation of the con-
fined air. This method was aﬂnpted a few years ago, by M.
Félix Leblane, in an extensive series of experlmnnta.*

The remedy for these injurious effects is efficient ventila-
tion. In each act of respirvation about 30 cubic inches, or
3th of the quantity of air in the lungs is changed. The air
that has passed through the lungs does not lose all its
oxygen ; it usually contains not more than about 4 per cent,
of carbonic acid; but this expired air, by mingling as it
escapes with several times as much, vitiates at least two cubic

# See Memoir read to the Academy of Sciences at Taris, Gth June, 1842
and inserted in the Annales de Chimze ef de Physique, T hird Series, vol. v,
I 2'}\31-



16 INJURIOUS EFFECTS OF

feet of air. Now the removal of this impure air, and the bring-
ing in of a constant fresh supply, have been provided for by
nature in the most perfect manner, and it is by our ill-con-
trived artificial arrangements that the provision is defeated.
The vitiated air, as it leaves the chest, is heated to very
near the temperature of the body, viz., 98° and being ex-
panded by the heat, is specifically lighter than the sur-
rounding air at an ordinary temperature; it therefore ascends
and escapes to a higher level, by the colder air pushing it up,
as it does a balloon. The place of this heated air is con-
stantly supplied by the colder and denser air closing in on
all sides. In the open air the process is perfect, because
there is nothing to prevent the escape of the vitiated air;
but in a close apartment, the hot air rising up to the ceiling,
1s prevented from escaping ; and gradually accumulating and
becoming cooler, it descends and mingles with the fresh air,
which occupies the lower level. We thus have to inhale an
atmosphere which every moment becomes more and more
impure and unfit for respiration ; and the impurities become
increased much more rapidly by night when lamps and candles
or gas are burning, for flame is a rapid consumer of oxygen.
Under these circumstances our only chance of escape from
suffocation is in the defective workmanship of the house-
carpenter ; the crevices in the window frames and doors
allow the foul air a partial exit, as may be proved by holding
the flame of a candle near the top of a closed door, in a hot
room; it will be seen that the flame is powerfully drawn
towards the door in the direction of the outgoing current;
and on holding the flame near the bottom of the door, it will
be blown away from the door, showing the direction of the
entering current, If we stop up these crevices, by putting list
round the windows and doors, so as to make them fit acenrately,
we only increase the evil. The first effect is that the fire will
not draw for want of sufficient dranght ; if the inmates can put
up with a dull fire and asmoky atmosphere, they soon become
restless and uncomfortable—young people get fretful and
peevish, their elders irritable, respiration becomes impeded, a
tight band appears to be drawn round the forehead which some
invisible hand seems to be drawing tighter and tighter every
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moment ; the eyeballs ache and throb, a sense of languor
succeeds to fits of restless impatience, yawning becomes
general, for yawning is nothing more than an effort of nature
to get more air into the lungs; under these circumstances
the announcement of tea is a welcome sound, the opening
and shutting of the door necessary to its preparation give a
vent to the foul air, the stimulus of the meal mitigates the
suffering for a time, but before the hour of rest, the same
causes of discomfort have been again in active operation, and
the family party retires for the night indisposed and out of
humour.

But in the bedroom, the inmates are not free from the
malignant influence, The closed doors, the curtained bed,
and the well-guarded windows, are sentinels which jeal-
ously warn off the approach of fresh air. The unconscious
sleepers at each respiration vitiate a portion of air which, in
obedience to the law of nature rises to the ceiling, and would
escape, if the means of escape were provided; but, in the
absence of this, it soon shakes off those aerial wings, which
would have carried it away, and becoming cooler and denser,
it descends, and again enters the lungs of the sleepers, who
unconsciously inhale the poison. When the room has become
surcharged with foul air, so that a portion must escape, then,
and not till then, does it begin to pass off up the chimney.,
Hence many persons very properly object to sleep in a room
which is unprovided with a chimney ; but it is evident that
such a ventilator is situated too low down to be of much
service. If there be no chimney in the room, a portion of
the foul air escapes by forcing its way out of some ofethe
cracks and crevices which serve to admit the fresh air.

That this sketch is not overdrawn, must be evident to any
one who, after an early morning’s walk, may have returned
directly from the fresh morning air into the bedroom which
he had left closely shut up an hour before. What is more
disgusting than the odour of a bedroom in the morning ?
Why is it that so many persons get up without feeling
refreshment from their sleep ? Why do so many persons pass
sleepless nights? The answer to these and many other
similar questions may be frequently found in defective ven-
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tilation.* How much disease and misery arises from this
cause it would be difficult to state with any approach to
aceuracy, because the causes of misery are very complicated.
Among the poor, the want of sufficient nourishment, neglect
of temperance and cleanliness, and excessive labour, all act
with aggravating effect upon want of ventilation and draine.
age. Among the middle classes, mental anxiety, overtaslked
powers, insufficient out-door exercise, are also aggravating
causes ; but there is a similar want of attention to ventilation
and drainage. The rich suffer least, because they pass much
of their time in the pure air of the country, and, are
relieved from a good deal of anxiety, by being independent
in circumstances; their rooms are also larger and less crowded
than those of the other classes; but still there is a neglect of
ventilation, and they often breathe a poisonous atmosphere
for hours together in the crowded and heated ball-room, the

¥ An attempt has been recently made to show that very much less air, or
air of less purity, is required during the sleeping than the waking hours. M.
Delbruck, in a communication to the Academie des Sciences, at Paris, which
has been made the subject of an article in the Corahill Magazine for March,
1563, supports this idea, by referring to the behaviour of the lower animals.
The dog retires to sleep in his kennel or corner, and, curling himself up,
buries his head beneath his paws or his body; birds bury their head under
their wing, with their beak in soft down ; hybernating animals are always
sheltered from the air; the schoolboy buries his head under the clothes; non-
scientific persons surround themselves with bed-curtains; soldiers camping
out cover their heads to sleep, and railway travellers close the carriage
windows. In all such cases it is contended that science teaches one thing,
instinet another, and that instinet is right. It is urged that as plants by
night absorb the oxygen they exhale during the day, so, by analogy, animals
at night absorb some of the carbonic aecid they exhale during the day. In
answer to this it is stated that only the woody parts of plants absorh oxygen
by night, but they do so also by day, and that in excessively small quantities.
The green parts of plants absorb carbonic aeid by day, and when the stimulus
of sunlight is removed they are inactive. Animals, on the contrary, are not
like plants, seeing that the blood never absorbs carbonic acid from the
atmosphere.

All that ean be said in favour of M. Delbruck’s theory is that less oxygen is
required during sleep, because the vital functions are then all depressed, and
consequently less animal heat is generated. The sleeper should be covered, so
as to keep up the animal heat ; if the body be exposed to cold, it will not only
prevent or destroy sleep, but may lead to more serious consequences. Hence
the open window at night, or other means of ventilation, may interfere with
the necessary warmth and prevent sleep ; but this is not very likely if the
bed-clothes are in suflicient quantity. 1 often find it impossible to sleep on
aceount of the closeness of the room ; but on lowering the top window sash
an ineh, or setting the door a little on the jar, the air of the room has been
improved, and refreshing sleep the consequence.

1
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theatre, the fashionable assembly, and even in church ; so that
fainting, headache, and sickness are the not uncommon results.

A poisonous atmosphere! The expression will not be
found too strong when we examine the ingredients of the
air of an unventilated room. The products of combustion,
whether they be those of the respiration of human beings,
or the burning of artificial lights, consist of—1, carbomie
acid ; 2, nitrogen ; 3, vaponr of water, mingled with various
animal products of a very offensive nature. Gas also often
contains a minute portion of sulphuretted hydrogen which
escapes or burns into sulphur compounds, and a minute
portion of the gas itself (carburetted hydrogen) also escapes
unburnt.

Carbonic acid gas acts as a poison. If we attempt to
inhale it by putting the face over the edge of a beer vat, the
nostrils and throat are irritated so strongly, that the glottis
closes, and inspiration becomes impossible. In its pure state,
then, it is impossible to breathe carbonic acid gas; but when
this gas is largely diluted with air, it can be breathed, and
the symptoms resemble those of apoplexy. Professor Chris-
tison quotes a case related by M. Chomel of Paris, of a
labourer, who was suddenly let dm\ n to the bottom of a well
containing carbonie acid diluted with air, where he remained
three-quarters of an hour. On being drawn up, he was first
affected with violent and irregular convulsions of the whole
body, accompanied by perfeet insensibility ; fits of spasm,
like tetanus, then came on. During the second day, these
symptoms went off, and he continued afterwards to be
affected with numbness. 1t is especially to be noted, that
contrary to general popular belief, these effects may be pro-
duced in situations where the air is not sufficiently impure to
extinguish the flame of a candle; nor does the lurking danger
display itself to the sense of taste or of smell.

The danger of using charcoal as a fuel will be noticed
further on ; but we may here remark, that the proportion of
carbonic acid necessary to produee a poisonous atmosphere is
very small ; so much so, that in attempts at suicide by burn-
ing charcoal in an open room, the people who have entered
the apartment have found the air quite respirable, and the
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choffer burning, although the person they sought was in a
state of decp coma, from having been long exposed to the
noxious influence.

Now as no person would consent habitually to swallow a
small portion of liquid poison, knowing it to be such, though
diluted with a very large portion of pure water, so it is equally
unwise to consent habitually to inhale a small portion of
gaseous poison, knowing it to be such, though diluted with a
very large portion of pure air; and yet this is what the
majority of persons actually do who occupy apartments un-
provided with proper ventilating apparatus,

Nitrogen gas, which constitutes four-fifths of our atmos-
phere, will not support respiration or combustion, simply from
the absence of oxygen. An animal plunged into an atmos-
phere of nitrogen would die, because this gas is incapable of
oxygenising the blood. A flame is extinguished in this gas,
because there is no affinity between it and the incandescent
hydrogen and earbon.

The vapour given off by the lungs and the skin is charged
with offensive animal effluvia, which greatly promote the con-
tamination of the air of a erowded apartment. Dr. Faraday
expressed his opinion to a parliamentary committee in 1835,
on the subject of ventilation, that—* Air feels unpleasant in
the breathing cavities, including the mouth and nostrils, not
merely from the absence of oxygen, the presence of carbonic
acid, or the elevation of temperature, but from other causes,
depending on matters which are communicated to it by the
human being. I think that anindividual may find a decided
difference in his feelings when making part of a large company,
from what he does when one of a small number of persons, and
yet the thermometer give the same indication. When I am
one of a large number of persons, I feel an oppressive sensa-
tion of closeness, notwithstanding the temperature may be
about 60° or 65°, which I do not feel in a small company at
the same temperature, and which I cannot refer altogether to
the absorption of oxygen, or the evolution of carbonic acid,
and probably depends upon the effluvia from the many pre-
sent; but with me it is much diminished by a lowering of
the temperature, and the sensations become much more like
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those oceurring in a small company. The object of a good
system of ventilation is to remove the effects of such air.”

The effects of air, vitiated by animal effluvia, is evident in
the diseases of the lower animals when crowded together in
confined places. The glanders of horses, the pip of fowls,
and a peculiar disease in sheep,all arise from this cause; and
it is stated that, for some years past, the English nation has
been saved many thousand pounds a year from the diminished
mortality of horses, in consequence of the army veterinary
surgeons adopting a simple plan for the ventilation of the
cavalry stables,

Our systems of artificial illumination have even a greater
deteriorating effect upon the air of an apartment than the
respiration of human beings. The leakage of a gas-pipe, or
the imperfect combustion of the gas itself, in an apartment,
would cause the inmates to inhale a portion of the gas. Sir
Humphry Davy found, that when he breathed a mixture of
two parts air and three of carburetted hydrogen, he was
attacked with giddiness, headache, and transient weakness of
the limbs; but common gas is often contaminated with sul-
phuretted hydrogen, as the blackening of the white painted
wainscoting of rooms proves, in spite of the purifyiny pro-
cesses adopted at the gas-works. This gas is one of the
most deleterious of all the aerial poisons. It has been
found by experiment, that air, impregnated with a 1,500th
part of the gas, kills a bird in a short space of time; and
that with about twice that proportion, or an 800th, it will
soon kill a dog. This gas is cmitted by cesspools and
sewers, and has been a frequent cause of death when
breathed in a state of concentration, Dr. Hallé says, “the in-
dividual becomes suddenly weak and insensible, falls down,
and either expires immediately, or if he is fortunate enongh
to be quickly extricated, he may revive in no long time, the
belly remaining tense and full for an hour or upwards, and
recovery being preceded by vomiting and hawking of bloody
froth.” When the noxious emanations are less con centrated,
the symptoms are still very alarming ; and in the dilute form,
as in the emanations from the gully holes of the sewers of
London, persons inhaling them have often been attacked with
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sickness, colie, imperfectly defined pains in the chest, and
lethargy.

The emanations arising from the imperfect or slow com-
bustion of oil and tallow are most injurious to health. The
vapour of a smoky lamp, if disengaged in small quantities,
excites intense headache. The fumes of the burning snuff
of a candle are probably of the same nature, and are very
poisonous, and every one must have remarked their pene-
trating nature; they fill the room the moment a candle is blown
out, and their disgusting odour pervades the whole house in a
very short time. Dr. Christison quotes a case in which they
proved fatal : a party of ironsmiths, who were carousing on
a festival day at Leipzig, amused themselves with plaguing
a boy, who was asleep in a corner of the room, by holding
under -his nose the smoke of a candle just extinguished; at
first he was roused a little each time, but when the amuse-
ment had been continued for half an hour, he began to
breathe laboriously, was then attacked with incessant epileptic
convulsions, and died on the third day.

In addition to all these contaminaiing agents, earbonie
acid, nitrogen, animal effluvia, carbide and esulphide of
hydrogen, &e., to which the air of an unventilated apartment
is liable, there is yet another cause of injury to health in the
disturbed electrical condition of vitiated air. This is a subject
on which science has hitherto thrown but little light. All
that we can do is to record the fact, that pure air, such as is
fit for respiration, is positively electric, while the air which
has become impure, and consequently unfit for respiration, is
negatively electric,

The effects of breathing an impure air have frequently
been insisted upon by medical and other writers. In the
evidence taken before the committee of the House of Com-
mons, on the health of towns, in the year 1840, the medica!l
witnesses stated, that scrofulous diseases were a common
result of bad ventilation,* and that, in the case of silk weavers,

# Mr. Carmichacl, in his ¢ Essay on the Nature of Serofula,” accounts for
the extreme prevalence of the disease in the Dublin House of Industry, at the
time he wrote (1810), by mentioning that in one ward of moderate height,

GO feet by 18, there were 38 beds, each containing three children, or more than
100 in all. The matron remarked, that there is no enduring the air of this
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who pass their lives in a more close and confined air than
almost any other class of persons, their children are peculiarly
subject to scrofula, andsoftening of thebones. Dr. Arnott stated,
that an individual, the offspring of persons successively living
in bad air, will have a constitution decidedly different from
that of a man who is born of a race that has inhabited the
country for a long time; that the race would, to a certain extent,
continue degenerating. Defective ventilation deadens both
the mental and bodily energies, it leaves its mark upon the
person, so that we can distinguish the inhabitants of a town
from those of the country. 'This witness, in alluding to the
want of knowledge among all classes on the subject of venti-
lation, states that he had heard at the Zoological Gardens of
a class of animals where fifty out of sixty were killed in a
month, from putting them into a house which had no opening
in it but a few inches in the floor. * It was like putting
them under an extinguisher; and this was supposed to be
done upon scientific principles.”

Some of the details in this Report refer to diseases con-
sequent on the habitual breathing of air vitiated by a number
of human beings, crowded together in a badly drained and ill-
ventilated part of London; they are so frightful, that it is
impossible to qucte them here. No doubt these details refer
to extreme cases among the poor and destitute ; but no one
will contend that the science and legislation of the day should
be exerted only for those who have inflnence to command, or
means to purchase their aid. Ilvery one who has knowledge
or wealth at his disposal, is bound to exert it as much for the
benefit of his ignorant and poorer brethren as for his own
pleasure and profit. There is not only a moral law requiring
us to do so, but there is also a natural law, and both have
this distinguishing proof of their divine origin; they are
gelf acting ; they confer the reward of obedience, and inflict
the penalty of transgression, with a precision and certainty

apartment when the doors are first thrown open in the morning; and that it
is in vain to raise any of the windows, as those children who happened to be
inconvenienced by the cold, close them as soon as they have an opportunity.
The air they breathe in the day is little better ; many are confined to the
apartments they sleep in, or crowded to the number of several hundred in the
echool-room.
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which find no parallel in mere human laws and institutions.
The fevers and contagious diseases, arising from our neglect
of the poor, find their way into our own dwellings; the
miasma of our courts and alleys enters our lungs, and casts
us on a bed of sickness. If, through the merey of God, we
are permitted to rise again, ought we not to practise the
lesson which the penalty has been seeking to convey to us ?

But not only are our dwelling-houses badly ventilated, but
those buildings on which the architect has lavished all his
art and skill are often entirely destitute of special means for
ventilation, and are so constructed as to render the appli-
cation of such means extremely difficult, or even impossible,
Such a contrivance seldom enters the mind of the architect.
A building capable of holding from 800 to 1000 persons,
whether it be a church, a lecture room, an assembly room,
or a concert room, is, in consequence of this neglect, the too
frequent scene of much painful suffering. When such a
room is crowded, and the meeting lasts for some hours,
especially in winter, the consequences are sufficiently marked ;
‘ either such a multitude must be subjected to all the evils
of a contaminated and unwholesome atmosphere, or they
must be partially relieved by opening the windows, and
allowing a continued stream of cold air to pour down upon
the heated bodies of those who are near them, till the latter
are thoroughly chilled, and, perhaps, fatal illness is induced ;
and unfortunately, even at such a price, the relief is only
partial, for the windows being all on one side of the room,
and not extending much above half way to the ceiling, com-
plete ventilation is impracticable. This neglect is glaringly
the result of ignorance, and could never have happened,
had either the architects or their employers known the laws
of the human constitution.” *

The same intelligent writer remarks, that in churches
fainting and hysterics occur more frequently in the afternoon
than in the morning, because the air is then at its maximum
of vitiation. Indeed, in a crowded church the effects of
deficient air arve visible in the expression of the features of
cvery one present—* cither a relaxed sallow paleness of the

# Dr. Andrew Combe's ¢ Principles of Physiology.”
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surface, or the hectic flush of fever, is observable, and, as the
necessary accompaniment, a sensation of mental and bodily
lassitnde is felt, which is immediately relieved by getting
into the open air.” Some persons, however, do not find
this relief; the headache often lasts for hours, and ends in a
bilious or nervous attack.

Our school-rooms are often also sadly defective in respect of
ventilation, and we have known cases where, with all the
windows open, a proper supply of air could not be intro-
duced into the crowded apartment. When the weather did
not allow of open windows, the atmosphere of the room was
most loathsome to a visitor entering it from the fresh air.
All the inmates complained of a sensation of fulness and
tightness in the forehead, and headache more or less acute.
Command of temper on the part of the teachers, and mental
progress on the part of the pupils, are of course next to
impossible under such circumstances. The writer would
appeal to the experience of teachers in general, whether the
slow comprehension and listlessness of children in school,
who are sharp and clever in the playground, may not be
traceable in a great measure to the vitiated air which they
are compelled to inhale ?

In curious contrast to the defective arrangements of many
of our public buildings, with respect to ventilation, are our
public theatres and music halls, These are, for the most
part, well ventilated, or at least an intelligent attempt is
made to procure ventilation, and the managers do not fail
to parade the fact in their play-bills. They are practical
men ; they know that for some years past the attention
of the public has been directed to the subject of venti-
lation, and that a studious attention to the comfort of the
house is as likely to bring people to it as attractive perfor-
mances. They know, too, that people are more likely to
enjoy and applaud the business of the stage when they can
breathe freely, than when the head is aching and the senses are
steeped in the drowsiness of a mephitic atmosphere. Some of
the methods of ventilating theatres are clever and efficient, ag
will be noticed hereafter, and could easily be applied to those
far more important buildings, the church and the lecture-room,

C
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The traveller, in pursnit of health, business, or pleasure,
is everywhere exposed to inconvenience and suffering from
want of ventilation. In our coaches, railway carriages, and
steamboats, the means for ventilation are inefficient. Some
of my readers will probably be able to call to mind their
nights of suffering in the heavy coaches of thirty or more
vears ago. I have frequently travelled inside the Salisbury
coach in winter, which left London at 5 p.u., and arrived in
Salisbury next morning at about 7 A.r., thus performing
a journey of 85 miles in 14 hours; such a journey, with
six inside (and I have sometimes formed one of eight),
with windows closed at the special request of some lady
or gentleman, who seemed capable of breathing without the
usual supply of fresh air, was a protracted torture of greater
magnitude than that endured now-a-days.* Yet it must
be confessed that our railway carriages are not much better
when the windows are closed and the travellers are numerous.
A second-class carriage often contains from twenty-four
to thirty, and even forty persons, and the air, under such
circnmstances, is intolerable. The first-class carriages are
better, because there is less erowding, but ewven these are
seldom provided with efficient means for the escape of the
vitiated air, The sleeping cabins of our steamboats though
fitted up with general attention to comfort, are entirely
without any special contrivances for ventilation. I have
travelled more than once from London to Hamburg, and
have slept, or endeavoured to sleep, two nights in the cabin
of one of the steam company’s magnificent boats. The eager-
ness with which I have exchanged the feetid air of the
cabin for the pure air cf the deck, even in rainy or boisterous

# Tn illustration of this part of our subject, I venture to relate the follow-
ing anccdote, which, as far as I know, has never before appeared in print :—
Some years ago an elderly gentleman, well known in the west of England,
was travelling in the night coach from London to Salisbury, when he requested
permission to have one of the windows down : this was stoutly refused by one
of the five other passengers,and an altereation arose, which was suddenly cut
short by a young midshipman thrusting his fist through the glass windaw, and,
turning to the supplicant for fresh air, inquired whether he should break
the other also. This was declined; the obstinate traveller sat in silence
during the rest of the journey; but the old gentleman, interested by the bold
and original eonduect of his yvoung friend, invited him to |]i-"2|_ lul}l:‘wre, and
afterwards became the means of greatly advaneing his prospects in life,
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weather, will be understood by all who have undertaken such
a voyage. The horrors of the crowded fore-cabin are happily
known to me only by deseription.*

In our naval and merchant service much disease and
mortality are the direct consequences of defective ventilation.
The lower decks and close cabins of ships are often crowded
with people engaged in cooking, eating, drinking, and sleep-
ing. Their condition is bad enough in fair weather, but in
a gale of wind, with the scuttles closed and the hatches
fastened down, and no means provided for the admission of
fresh air below but what can find its way by an opening of a

# T once took my passage in a steamboat from Cologne to Rotterdam (at
that time a voyage of nearly forty hours), and found, when I had got on
board, that there was no sleeping accommodation. This was of no conse-
quence during the daytime, and not of much consequence, in fine weather,
during the night, to an old traveller ; but on this occasion, as night advanced,
a cold drizzling rain compelled the passengers to seek refuge in the small
cabin, the only one the vessel afforded. When tea and supper were fairly
over, and nightcaps of various descriptions had been distributed among the
guests, the low bench round the cabin was completely occupied. Those who
could sleep did so; those who could not, tried a variety of postures, looked
wistfully at the four comfortable corners occupied by envied sleepers. Some
had slid down upon the floor ; others found a hard pillow by leaning forward
on the table before them ; and those who still kept awake had an opportunity,
by the faint gleams of a lamp, to study this odd, and not over cheerful,
grouping. Oneof my companions, not being able to sleep, went on deck and
resigned his place to me. I thus got a rest for my head, and with my great
coat for a pillow, managed to pass, in a kind of restless sleep, the most
dreary portion of the night. Early in the morning, an hour before daybreal,
I went on deck; a moist fog rested sluggishly on the water, and rendered
the shore barely visible. At this time an incident oceurred which animated
every one. A poor Duteh family was on board, consisting of a man, his wife,
and four children, and it was suddenly proclaimed that the eldest boy had
fallen overboard during the night, and was lost. “ A man overboard” is a
startling subjeet on every kind of water, and in every deseription of eraft,
and we were all busy with inquiries as to when and where and by whom he
was last seen ; search was made in every corner of the vessel, but all to no
purpose ;—the boy was certainly drowned, and there was no help for it. The
father seemed to receive the condolence of the passengers with characteristic
Dutech phlegm ; he lit his pipe and received in silent resignation a long and
apparently angry discourse from his wife. We were all very sorry for him and
for her, when, lo! the black tarpaulin, which covered a ]}:ll'gﬁ collection of
goods on deck was seen to move, and from under one of its folds a large,
round, sleepy face appeared, and crawling forth, with a yawn and a stretch,
the ohject of our solicitude stood before us! The parents expressed their joy
in rather an odd manner,—the mother scolded, the father quictly put down
his pipe and began to cuff the boy rudely, and, but for the interference of
some of the passengers, he would probably have received a sound thrashing
for venturing, as it appeared, without leave, to sleep in certainly what secmed
to be the most comfortable part of the vesscl.,

o I8
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few feet square—when the vitiated effluvia from the healthy,
the sick, and perhaps the dying, come steaming up the same
aperture down which the fresh air is struggling to find its
scanty way to the miserable inmates, how can we wonder at
the mortality of seamen, especially in tropical climates, In
troop or transport ships, the constitutions of the men are
frequently enfeebled, instead of being strengthened by the
voyage. Moreover, the evils arising from want of ventilation
are aggravated by the horrors of sea-sickness; the sense of
smell becomes morbidly sensitive ; the bilge-water, or that
stagnant corrupt water which lodges in the bottoms of tight
vessels, emits the offensive odour of sulphuretted hydrogen
and other gases; and these, combined with the closeness of
the cabins in sailing vessels, few can endure with impunity.
All this is even made worse in steamboats by the odour of
the hot, rancid tallow used for greasing the engines.

Mr. Robert Ritchie, in a paper on the ventilation of
ships,* quotes a letter from a naval friend on the African
coast, who says :—“ On the lower deck of our little craft
were stowed away one hundred persons, ship's stores, cook’s
coppers, &e. Never did I before feel so much the importance
of a thorough ventilation. To gleep in such an atmosphere
is next to impossible, and when exhaunsted nature sinks into
repose, it awakes with that sickly and feverish sensation
which betokens the derangement of your physical system,
and that you have been inhaling a poison which is slowly
but surely preying on the vitals of your constitution. That
disease and death should be frequent is only what every
rational and scientific person would expect. Climate 1s
blamed for every disease that appears in foreign stations, but
I have not the slightest doubt that the want of a thorough
method of ventilation on ship-board has, in very many cases,
laid the system open to disease, which, in more favourable
circumstances, could have been easily removed. The man
who could improve the present wretched system would be
justly entitled to the thanks of every humane and benevolent
individual.”

Such is the condition of a small, erowded sloop of war. In

* Jameson's Edinburgh Philosophical Journal.
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large men-of-war the evils are less, on account of the ventila-
tion of the lower decks by the gun-ports. These, of course, do
not exist in merchant vessels; and in the lower, or orlop
deck of all ships, there is great difficulty in establishing a
constant uniform current of fresh air.

In these introductory remarks, we do not insist upon the
necessity of warming our rooms and other enclosed spaces, for
that is an art which is practically well understood, and will
receive a share of attention in this little work. But if warm-
ing is easy and well understood, ventilation is also easy and
badly understood ; that is, it is very easy to ventilate a room
or a building, but the necessity for doing so is not generally
admitted by the great mass of the people, nor even by those
whose duty it is to teach them and to provide for the prac-
tice. But to combine the two arts—to warm a room suffici-
ently, and at the same time to ventilate it thoroughly—is
not easy, for the very means employed to ventilate a room
must necessarily dissipate and carry away the heat employed
in warming it. Something, however, may and ought to be
done to combine the two methods, as we shall endeavour to
show ; but before entering upon practical details, it is neces-
sary to invite attention to such of the laws of heat asare more
immediately connected with our subject. We can scarcely
do more, in our limited space, than bring together a few of the
results of scientific principles, and refer the reader to larger
and more comprehensive treatises for their verification.

In the process of warming and ventilating a building the
laws of heat rececive abundant illustration, Ieat is one of
those great natural forces that is always seeking an equili-
brium which it can never attain. 1In doing so it influences
surrounding objects in three ways :—First, by conduction, in
which the heat travels from particle to particle, raising the
temperature as it creeps along. Secondly, by convection,
which refers to liquids and airs, in which the particles nearest
the source of heat becoming warmed, ascend and impart their
heat to surrounding particles, while the colder ones descend
and take their place. Thirdly, by radiation, by which the
rays of heat dart out in all directions from a central source.

Every one is aware that bodies conduct heat very differently,
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The poker left in the fire soon becomes too hot to handle,
while a short stick of wood may be burning at one end,
and be scarcely warm at the other. A picce of marble and
a piece of flannel, of the same temperature as indicated by
the thermometer, will feel to the hand, the one cold and
the other warm, because in the one case the marble conducts
the heat freely from the hand, and the flannel scarcely at all.
One, in fact, is a good, and the other a bad, conductor of
heat. The metals, however, are the best conductors; but
these differ greatly among themselves in conducting power.
DBy exposing similar bars of metal to a uniform source of
heat, acting at the end of each bar, and measuring the in-
crease of temperature along the bar at intervals of 2 inches
by means of a thermo-electric pile, the conducting power of
metals for heat has been found to follow the same order as
their conducting power for electricity. Of all the metals,
silver is the best conductor, and taking this at 1,000, the
number that represents the conducting power of gold is 951;
of gold alloy (991 gold and 9 copper), 840 ; rolled copper,
845 ; cast copper, 811; aluminium, 665 ; rolled zine, 641 ;
cadmium, 577 ; bar-iron, 436 ; tin, 422 ; steel, 397 ; platinum,
380 ; cast-iron, 359 ; lead, 287 ; antimony, 215 ; and bismuth,
61. It is remarkable how greatly the conducting power of
a metal is disturbed by the presence of small portions of
impurities. Gold alloyed with 1 per eent. of silver, loses nearly
20 per cent. of its conducting power; while the carbon of
steel and of cast-iron greatly diminish their conducting
power, as seen by the above figures.

Different woods show very unequal conduecting powers.
In the same specimen wood conducts best in the direction
of the fibre ; density has but little effect on the velocity of
transmission. American birch, a comparatively light wood,
had a higher transmissive power than thirty-one other woods
experimented on by Professor Tyndall.* Iron-wood, which
has a specific gravity of 1'426 has a low conducting
power; oak and Coromandel wood, the latter very hard and
dense, stand near the head of the list; while Scotch fir and
other light woods stand low. Professor Tyndall expresses

# ¢« Ileat Considered as a Mode of Motion,” 1863.
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the law of molecular action as regards the transmission of
heat through wood in the following terms :—

“ At all the points not situate in the centre of the tree,
wood possesses three unequal axes of calorific conduction,
which are at right angles to each other. The first, and
principal axis, is parallel to the fibre of the wood ; the second,
and intermediate axis, is perpendicular to the fibre and to the
ligneous layers; while the third and last axis is perpen-
dicular to the fibre and parallel to the layers,”

It is remarkable also that certain crystals vary in conduct-
ing power according to the position of the optic axis of the
erystal. In quartz, for example, the heat travels more easily
along the axis than across it, as may be proved by taking
two plates of that substance, one of which is cut parallel to
the axis, and the other perpendicular to it. Each plate 1s
pierced with a small hole in the centre, in which a wire is
inserted capable of being heated by connection with a vol-
taic battery. The plates are coated with a layer of white
wax mixed with olive oil. On heating the wire the wax
retires, as if it ceased to wet the erystal's surface, and accumu-
lates in the form of a liquid ring ; on the line of demarcation
it separates the melted from the solid wax. DBut there is
this remarkable difference in the two cases. In the slice
talten across the axis the wax is melted in the form of a
circle, of which the wire is the centre ; while in the other
plate the wax 1s melted in the form of an ellipse, the long
axis of which coincides with the optic axis of the crystal,
showing that the conducting power is greater in that direc-
tion than in the one at right angles to it.

Liquids and gases are very indifferent conductors of heat,
probably on account of the mobility of their particles ; for no
sooner 18 heat applied to a fluid body than the particles in
immediate contact with the source of heat become warm, and,
specifically lighter than the surrounding particles; hence they
ascend until they reach a stratum where they are in equilibrinm
with neighbouring particles. Thus air and water tend to
arrange themselves in layers, the lighter and warmer upon
the heavier and denser. We may notice this in lakes. In
the month of July, Saussure examined the lakes of Thun and
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Lucerne ; the one at the depth of 370 and the other at that
of 640 feet : both had the temperature of 41° Fahr., while the
water at the surface indicated 64° and 68:5° respectively.
Lago Maggiore, on the Italian side of the Alps, at the depth
of 360 feet, had a temperature of 44° while the surface was
nearly 78°.  Mr. J. Jardine found, in September, that the
surface of Loch Lomond, Scotland, over the deepest part,
marked 69°3° ; at the depth of 15 fathoms, 43-7° ; at that of 40
fathoms, 41:3° ; and from that to about 3 feet from the bottom,
100 fathoms, it decreased only the fifth part of a degree.
Observations of this kind justify the popular notion that deep
lakes never freeze, since convection may take place, of course,
downwards as well as upwards ; the particles at the surface,
being chilled by cold, become heavier and descend, while the
lighter and warmer particles rise to the surface, to be in like
manner made heavier by cold, and to descend ; but this pro-
cess can only go on to 40°, since at this point water under-
goes a remarkable molecular change, whereby it no longer
contracts and becomes heavier by eold, but lighter, so that in
sinking from 40° to 32° it occupies the same bulk that it did
in sinking from 48° to 40°, When the superficial water has
reached 40° it is at the point of maximum density by cold ;
any further reduction of temperature causes it to expand, and
to send it to the surface until it reaches 32° when it crystal-
lises into ice, and in doing so undergoes a further expansion.

Before, then, a deep lake can freeze, this process of con-
vection must proceed until the whole of the water has reached
the point of maximum density by cold, and then, and not till
then, can the surface sink in temperature from 40° to 327,
the freezing point. While this process is going on the
winter is passing away, and before the whole lake has reached
40° spring has arrived. But as water is so bad a conductor
of heat as scarcely to transmit it from the surface downwards
the surface water may in summer mark a temperature of 70°
or 80° while the lower strata are at or about the temperature
of maximum density which the cold of winter had impressed
upon them.

After sunset similar phenomena, may be observed in the
layers of the atmosphere, Pictet found, at the end of the last
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century, that thermometers, placed, the one 5 feet from the
ground, and the other at the height of 75 feet, marked
different temperatures ; sometimes before sunset the lower
thermometer was colder than the upper one, the difference
increasing rapidly till sunset, and, indeed, during the night
in calm weather.*

Convection may be illustrated by boiling water in a large
tube or flask, by means of a spirit-lamp placed beneath it. If
the water contain a little powdered amber or cochineal, which
is of about the same density as the water, the particles will
show in a striking manner the direction of the current. A
strong current will ascend up the centre or axis of the tube,
slackening as it ascends, from the giving off of heat to the
colder particles; while the colder particles form descending
currents at the sides of the vessel, returning to the source of
heat to obtain a fresh supply. In this way the water gradually
rises in its temperature from that of the surrounding air to the
boiling point, 212°; at which point the water, being equal in
force to the atmospheric pressure, bubbles off in the gaseous
or aeriform state. But even here there is a difference in
temperature between the bottom and top layers. If a ther-
mometer be placed with its bulb close to the bottom of the
tube, while the bulb of a second thermometer be plunged just
beneath the surface of the water, the lower thermometer may
be 214°, and upwards, while the upper is only 212°, If the
lamp be removed, boiling will of course cease, but the con-
vective current will continue active for hours ; the hotter and
lighter portions will arrange themselves nearer the surface,
and in the process of cooling there may be a difference of 20°,
and upwards, in favour of the upper thermometer, and that
in a column of only six or seven inches in height. Iven a
column of cold water, exposed to the ordinary temperature of
a room, will often be 2° warmer at or near the surface than at
the bottom.

We have deseribed the convective currents in water under
the influence of heat. Were the air visible similar currents

% A number of interesting observations of this kind will be found in a
volume of this series entitled “ Experimental Essays.” Sce Essay IIL., “ History
of the Modern Theory of Dew.”
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would be noticed streaming np on the outer surface of the
heated tube, and from the surface of the hot water ascending
to the ceiling, spreading and descending in colder parts of the
room. This process would go on notonly during the heating,
but also during the cooling, of the liquid column, and not rest
until equality of temperature had been attained. DBut such
equality never can be attained, since a human being, or any
warm-blooded animal, were it only a mouse, eutering a room,
at once disturbs the relations of temperature, and sets in motion
convective currents, A lamp or a candle does so still more
powerfully ; a lump of ice would produce an inverted con-
veetion ; in short, there is no such thing as rest in the air;
everything in that region is in unceasing activity, and per-
petual motion; which should be met by intelligence on our
part. Convection points out the true principle of ventilation ;
the poisoned air, as it leaves our lungs—the poisoned products
of combustion, as they leave our lamps and candles, are fur-
nished, by heat, with wings, which cause them to ascend, and
they wonld ascend and escape, and be useful in the vegetable
world, where they are wanted, were it not for our ill-contrived
domestic arrangements, where every room acts as a condenser,
and brings the aerial poison down upon our heads to be
breathed again. The grand process by which nature venti-
lates our globe should regulate our proceedings, The sun on
the equator raises a powerful current, which ascends and
spreads on either side towards the pole; while the colder air
from the temperate regions streams in as an undercurrent to
supply health and refreshment to living creatures.
Arrangements for warming are, for the most part, beyond
the control of individuals; these are settled by the house-
builder or architect according to ancient rule, and are adapted
to our feelings or prejudices in favour of open fire-places;
but the ventilation of our rooms depends in great measure
upon ourselves, and we may be fairly charged with a pre-
sumptuous negleet of natural laws, if we fail to make use of
some of the simple means for obtaining ventilation which we
are about to describe. Defore science had discovered the
pernicious effects of impure air, it was not surprising that
people did not ventilate. No plans for ventilation could be
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laid down on a proper basis, until the composition of the
atmosphere had been properly defined : no definite meaning
could be given to the word wentilation until the nature of the
air itself was known, and the products of respiration and
combustion had been proved to be poisonous.* DBut no
sooner had the beautiful experiments of Priestley, Cavendish,
and others, made an impression on the scientific minds of
the day, than means were contrived for ventilation. Thus
Cavallo, in his “Treatise on the Nature and Properties of Air,”
(4to., London, 1781), quotes from an older work a method
of ventilating a room by means of a small tube opening into
it, in or near the ceiling, which might either be carried to
the top of the building, or be made to communicate with
the external air by a small perforation through the wall at
the roof of the room, by which means a proper circula-
tion would be established, and the foul air be carried off.
In order to admit fresh air into the room, another opening
was made in the ceiling, having a communication with a
small pipe that led from thence to the outside of the wall,
where it was bent and conducted downwards till it reached
the ground, being left open to communicate with the external
air, The cool air would thus be forced in at the lower
opening of the tube, and made to ascend into the apartment
in proportion to the quantity that escaped towards the higher
regions by means of the ventilator.

Here we have a plan of ventilation at least seventy years
old, and yet, at the present day, ventilation is still discussed
and quarrelled over, as if it were some new thing. The
proper supply of fresh air is denied to the great mass of

* Ventilation was probably first practised in mining districts, as a work of
necessity, in consequence of the rapid conversion of the oxygen of the air into
carbonic acid, by the respiration of the miners, the combustion of their candles,
and the large quantities of irrespirable gases liberated by the gunpowder used
in blasting. Mr. Henwood has given a summary of the analysis of eighteen
samples of air taken from the mines of Cornwall and Devon, from which
It appears that the proportion of exygen was only 17-067 per cent., while the
carbonic acid was 0085 ; the nitrogen 82:848; and in one instance the pro-
portion of oxygen was reduced to 14'51; and in another, the carbonic acid
was 023 per cent.  These results show a diminution in the proportion of the
vital ingredient of the atmosphere from its usual per centage of 21, and an
increase of the poisonous ingredient, carbonic acid, from 005, its usual
amount, calculated to produce great injury to persons exposed to the breathing
of such a fluid for hours together,
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the population, because builders, who ought to be perfectly
acquainted with these things (who ought also to be able to
construct chimneys that will discharge their smoke into the
air instead of into the room), too often neglect to study the
natural laws which chemists and physiologists have placed
on a sure basis. We are told that the native porters of
Canton are accustomed to balance the load which they carry
on a pole upon their shoulders, by means of a large stone at
the other extremity of the pole, and that they deemed the
suggestion of an Englishman an impertinent interference, who
wished them to balance one package by means of another.
“ Our ancestors,” they said, *“ were very wise men, and they
never carried more than one package at a time, and this
they balanced by means of a stone ; shall we be wiser than
our ancestors ?”  So may a large proportion of our modern
builders exclaim, “ Our ancestors were very wise men ; they
never thought of providing special means for ventilation in
rooms and public buildings; shall we be wiser than our
ancestors ?” DMany a powerful satire on the modern practice
of house-building is afforded by the stifling effects of ordi-
nary dwellings. Ior example, Dr, Maceulloch, in his “Account
of the Hebrides,” remarks, that while the inhabitants had no
ghelter but huts of the most simple construction, which
afforded free passage for currents of air, they were not sub-
ject to fevers; but when, through the good intentions of the
proprietors, new dwellings were erected, and were made
close, comfortable, and commodious, the stagnating air, and
other impurities, joined to the want of cleanliness in the
inmates, generated febrile infection. Now, we think, it must
be admitted, that had these new dwellings been properly
ventilated, by special means contrived for the purpose, there
is no reason why they should have been more unhealthy than
the old ones.

The third mode by which heat secks to attain equilibrium
is by radiation. A grate of burning coals warms a room by
this method—the rays of heat proceeding from it are evidently
not brought by currents of air, for they set in towards, and
not from, the fire; nor is the heat brought by convection,
since heated currents ascend; nor by conduction, for that
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in gaseous bodies is very slow. Radiation is the force by
which the heat of the sun reaches the earth; the heat of
a fire warms the room ; and the heat and light of a lamp or
candle become diffused. From these sources the heat proceeds
in radial lines as from a centre; and in common with all
central forces, the intensity diminishes inversely as the square
of the distance from the radiating point. For example, the
heating effect of the candle, Fig. 2, is nine times less at 3
feet than at 1,and four times
less at 2 feet than at 1.
If a board, 2 feet square, be
held with its centre 2 yards
from the candle, and another
board, 1 foot square, be held
parallel to the first board,

half way between it and the hid 5
candle, it will intercept the ]%/ o
whole of the light that would [ E

have fallen on the first board. The same board, 1 foot
square, would also intercept, exactly, all the light that
would have fallen on a third board, 3 feet square, three
times as far from the candle. This is what is meant by the
law of inverse squares; the first board at the distance indi-
cated by 1, from the candle, receives a quantity of light and
heat indicated by 1; the second board, however, at the dis-
tance 2, has the same quantity of heat and light spread over
a surface four times larger, and, consequently, has only one-
fourth the intensity of the first board. The third board, at
the distance 3, has only one-ninth the intensity, since it is
gpread over a surface nine timee larger than that of the first
board,

Radiant heat has many of the properties of light. It
moves with the same velocity, and is subject to the same laws
of reflection, absorption, refraction, transmission, d&e. The
heating rays may be reflected or transmitted without dis-
turbing the temperature of the bodies which reflect or trans-
mit them ; but if the rays be absorbed or arrested in their
course, so as to become wholly or partially extinguished as
rays,the body absorbing them immediately rises in temperature,
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The radiation of heat is a very different process from condue-
tion ; the one being instantaneous, and the other slow. Con-
ducted heat raises the temperature of the conducting bodies ;
radiant heat may not disturb the temperature of the bodies
that transmit it. Gaseous bodies are not only the worst con-
ductors, but the worst transmitters of heat ; while the metals,
which are the best conductors, do not transmit radiant heat
at all.

The incessant struggle that is going on among bodies to
attain equilibrium of temperature is strikingly illustrated in
the case of radiant heat. All bodies, in whatever state, are
constantly engaged in radiating heat. When a number of
bodies radiate to each other equally,so that each, in proportion
to its size,receives as muchas it gives, the temperature remains
the same. If, however, a body of a higher temperature be
introduced among them, they radiate their heat to it; but it
radiates to them more heat than it receives, so that its tem-
perature falls, while their temperature rises until equilibrium
is attained. If a colder body be introduced, they radiate to it
as before; but as it radiates to them less heat than it receives,
its temperature rises, while theirs falls, The chilling effect
which a ship’s crew feel on approaching an iceberg arises
from the fact that they radiate towards it more heat than they
receive,

A ray of heat, or of light, proceeds in a straight line
until it meets a reflecting surface, from which it reboundsin
another straight line, the direction of which is determined by
the law, that the angle of incidenceis equal to the angle of
reflection.

It must also be noticed that the plane of reflection, or that
imaginary plane which contains both the incident and reflected
ray, is perpendicular to the reflecting surface at the point of
contact. In curved surfaces a perpendicular, or normal, can
be erected at any point, which in such cases acts as a tangent
plane, touching the curved surface at such point; hence, if
a speculum have the form of a paraboloid, any number of rays
proceeding from a point called its focus will be reflected into
parallel lines, and if such parallel lines or rays fall upon such
a surface they will all be reflected so as to meet in its focus.



RADIATION AND REFLECTION OF HEAT. 89

Two such specula are shown in Fig. 3, with their axes in the
same straight line. If a hot body, such as a flask of hot water,
be placed at c,in the focus of the mirror, 4, all the rays
which it sends to that mirror will be reflected in parallel
lines, and so reaching the other mirror, 5, will be reflected so as
to meet in its focus, p, where a thermometer will be affected
more than at any other spot, even though such spot be much
nearer the hot body, c. Ifa screen be placed either between

¢ and A, or between B and b, the cffect on the thermometer
instantly ceases, A red-hot iron ball, placed in the focus of
one mirror, will fire combustible bodies placed in the focus of
the other mirror, at the distance of 10 or 15 feet, or more. If
a ball of ice be placed in one focus, a thermometer in the other
will be observed to fall.* It was once supposed that this arose
from the radiation of cold; but bearing in mind the theory
of radiant heat, already given, it will be seen that the ther-
mometer sinks, because it radiates heat to the ball of ice.
Indeed, if one of the parabolic mirrors be turned with its
axis towards the blue sky, a thermometer in its focus will
sink some degrees by day, and it has been known to sink as
much as 17 degrees by night. If one of the mirrors be
turned to the sun, the rays of which may be considered as
physically parallel, they will be collected in the focns of the

# This experiment is commonly referred to M. Pictet, of Geneva, and is
described in his Essais de Physique, published ir 1780. The experiment,
however, is spoken of by Oldenburg, in a letter to the Hon. Robert Boyle, dated
Deec. 19, 1665, He says—* I met the other day, in the ¢ Astrological Discourse’
of Sir Christopher Heydon, with an experiment which he aflirms to have tried
himself, importing that cold accompanies reflected light, by employing burn-
ing spherical eoncaves, or parabolical sections, which he saith will as sensibly
reflect the actual cold of snow or ice, as it [they] will the heat of the sun.”—
Loyle's Works, 1744,
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mirror, and illustrate the origin of the word “ focus” by its
powerful heating effect.

The mirrors used in the above experiments are of specu-
lum metal, or of copper silvered on the concave faces. Such
a surface, being the worst kind of radiator, absorbs the
least proportion of the rays impressed upon it, and, conse-
quently, reflects the greatest number.  Surfaces differ greatly
in reflective power : metals are the best reflectors ; but in very
different degrees. Out of every 100 heating rays that fall
upon a surface, polished silver reflects 90 ; bright lead, 6O ;
glass, only 10,  If the surface be scratched or roughened the
heat is reflected from it irregularly ; but if the surface be
coated with lamp-black, most of the incident heat is not
reflected, but absorbed, and the temperature of the absorbing
body rises. The power of reflection resides at, or very near,
the surface of a body. A surface of leaf gold, less than the
200,000th of an inch in thickness, reflects heat nearly as well
as a mirror of solid gold. The best reflectors are the worst
absorbents, and vice versd.

The absorbing and radiating powers of the same substance
are dircetly proportional to each other. Sir John Leslie
formed a cubical vessel of tinned-iron plate, and covered one
of its sides with lamp-black; a second with writing-paper ; a
third was roughened by scratching ; and the fourth was left
bright. On filling the cube with hot water, and placing it
in the focus of one of the mirrors, with a thermometer in that
of the other, a different temperature was obtained as each side
of the cube was presented to the mirror. The largest amount
of heat was radiated from the lamp-black, less from the paper,
still less from the scratched surface, and least of all from the
polished surface. Details of this kind have a great practical
value ; for we sce that a hot liquid in a blackened vessel will
cool down more quickly to the temperature of the air than if
it were in a bright vessel ; and hot-water pipes, intended for
warming a building, should be blackened in places where the
heat is to be distributed, and kept bright in the approaches
where the heat is not wanted.

The inereased radiating power of a surface roughened by
emery, by the file, or by drawing streaks or lines with a graving
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tool, arises, according to Melloni, from increasing the density
of the surface. In support of this view, he took four plates
of silver, two of which, when cast, were left in their natural
state, without hammering, and the other two were planished
to a high degree under the hammer. All four plates were
then finely polished with pumice-stone and charcoal, and after
this, one of each of the pairs of plates was roughened, by rub-
bing with coarse emery paper in one direction. The quantity
of heat radiated from these plates was as follows :(—

Hammered and polished plate . . . . . . 10°
Hammered and roughened plate . . . . . . 18°
Cast and polished plate . . . . . . . . . 137°
Cast and roughened plate . . . . . . . . 11'3°

Thus it appears that the hard hammered plate was inereased
in radiating power four-fifths, by roughening its surface, while
the soft cast plate lost nearly one-fifth of its power by the
game pProcess.

Melloni made the remarkable discovery that the amount of
absorption depends a good deal on the nature of the heating
source. If we take the naked flame of an oil-lamp, a platinum
wire heated to redness in the flame of the spirit-lamp, a piece
of sheet copper heated to beiween 700° and 800° in a current
of hot air rising from a lamp beneath it, and, lastly, a copper
canister filled with boiling water, we have four distinct
sources of heat. If one of the balls of a differential ther-
mometer be blackened, it may evidently be placed at such
distances from each of these sonrces as to indicate the same
temperature in each case. If the ball of the thermoscope,
instead of being coated with lamp-black, be covered with
another sunbstance, the distances observed in the former case
will now no longer apply in order to get the same temperature.
If, when the ball was covered with lamp-black, the heat
absorbed in each case were 1009, it will, if coated with white
lead, and placed at the same distance from the naked flame, as
before, only indicate 539 ; at the same distance from the red-
hot platinum,only 56 ; from the heated copper, 89°; from the
copper cube of boiling water the result is the same as when
the ball of the thermoscope was covered with lamp-black.
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given in the following table : the results of a few of which are
Other substances were tried,—

e ' Naked | Inmeandescont | Copp o at

Absorbing Smface. Flame. Platinum. '.'5';121 Erllﬂlg Elgpelgu?nr.
Lamp-black . . . . 100 100 100 100
White Jead . . . . 53 ol &9 100
Imnglags . . . & 52 a4 84 01
Indianink. . . . . 96 a5 a7 85
| Shell-lag . . - .« & 43 47 70 72
Polished metal . . . 14 135 13 13

It will be seen from this table that lamp-black absorbs all
the heating rays from whatever source, and that the absorptive
power of a metallic surface, though small, is uniform in every
case. It will also be noticed that the less intense source of
heat, viz., that of boiling water, a greater amount is absorbed
than in the other cases. It isan old observation by Franklin,
that pieces of cloth of the same size and texture, but of different
colours, placed on newly-fallen snow, absorb heat in different
proportions, as indicated by the greater or less rapidity with
which the snow melted under them. The absorption was
greatest in the case of the black cloth, less with the blue, still
less with the green, and diminishing in the order of purple,
red, yellow, and white. Melloni also found that bodies varied
considerably in their transmissive power for heat. Such as
are transparent to heat are called diathermanous, ov diathermic,
from Jua, * through,” and ﬁflﬂ,ung, “hot,” while bodies that
are opaque to heat are termed athermanous, or adiathermic
(the Greek a signifving “ without”).  Dodies that are trans-
parent tolight may stop the raysof heat more orless completely.
Pure water, for example, transmits most of the rays that it
does not reflect ; the addition of a few drops of indian ink will
greatly diminish the transparency of a large quantity of water,
but still the light transmitted is of the same kind as that
transmitted by pure water, It has the same order and
arrangement of colour, when passed through a prism, as that
transmitted by pure water. If, however, the water be made
turbid by means of indigo, the transmitted light is no longer
the same, some of the luminous rays having been more com-
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pletely absorbed than others. The heating rays may be
supposed to undergo a somewhat similar change ; but while
a vast number of bodies, solid, liquid, and gaseous, are trans-
parent to light, there is only one known solid that is diather-
manous, or transparent to heat, and that is rock salt. Atmos-
pheric air, oxygen, nitrogen, and hydrogen in a pure and dry
state are almost perfectly diathermanous; but several trans-
parent gases, especially olefiant gas,and also vapours, have been
shown by Professor Tyndall to be powerful absorbers of heat.
Liquids also absorb varying proportions of the heating rays.

Heat, like light, admits of being refracted, as may be seen
by the action of a burning-glass, which converges the sun’s
rays to a point. The solar spectrum has its heat very un-
equally distributed, the maximum temperature being just
below the red ray. If, however, other sources of heat be used
instead of the sun, the position of maximum temperature is
found to vary. In the spectrum from the flame of a naked
lamp, the maximum intensity is about the middle; in that from
ignited platinum it is nearer the red ; in that from copper at
750°, it is still nearer ; while the heat radiated from a surface
at 2127 contains a few only of the more refrangible heating
rays. It appears, then, that a pencil of invisible heat consists
of rays of different refrangibility, and such a pencil, in passing
through certain substances, becomes altered in character, as
light does in passing through coloured media. We know
that the sun’s rays pass through glass and other media with-
out being absorbed, so that a burning-glass may produce a
focus of intense heat and light, and be itself quite cool; while
if held before an ordinary fire it will produce a focus, indeed,
but one containing very little heat and light, while the glass
itself becomes warm, Glass, then, transmits the heating rays
of the sun with ease, but such rays exist in very small quan-
tities in incandescent bodies. A glass screen is used for look-
ing into a highly heated furnace, and this can be done with-
out inconvenience, since the glass absorbs the heated rays and
~ transmits the luminous ones. If the sun’s rays be transmitted
through water, and then through green glass, coloured by
means of oxide of copper, a beam of greenish light is obtained,
which, when concentrated by lenses, has considerable intensity
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vut no heat, the heating rays having been separated during
_ the filtration.

The properties of radiant heat vary, as we have seen,
according to the source; but when heat, from whatever source,
has been once absorbed and radiated again, it has lost the
distinctive character of its source.

If the reader will turn to our * Introduction to the Study
of Natural Philosophy,” he will find some remarks on the
distinction between heat and temperature.  Bodies of the same
temperature may contain very different quantities of heat
although the thermometer may show no difference. Two flasks
of equal size, one containing a pound of olive oil and the other
a pound of water, left for some time in a room at 40°, will both
mark that temperature on a thermometer inserted into each ;
but if the flasks be taken into a warm room at 70° the ther-
mometers will be seen to rise slowly from 40 to T0% but not
with equal paces—the thermometer in the oil will rise much
more quickly than that in the water; hence it is a perfectly
fair inference that less heat is required to raise the oil from
40° to 70 than so to raise the water, If the flasks be taken
back into the eold room the oil will cool more quickly than
the water. That the water contains more heat than the oil
at any given temperature, may be proved by placing the flasks
in boiling water, and then in funnels containing equal quan-
tities of ice. The water, in cooling down to the temperature
of the ice, will melt twice as much ice as the oil. It is evident,
then, that bodies of the same temperature may contain un-
equal quantities of heat; that the quantity of heat required
to raise pure water 1 degree, as from 327 to 39°, must be
varied in order to produce the same effect on cther bodies;
which quantity of heat required to raise a body 1 degree is
called its specific heat. Pure water is the standard of com-
parison, and its specific heat is said to be equal to 1-000.

One of the methods of ascertaining the specific heat of
bodies is the calorimeter, which consists of three concentric
metal vessels, s, ¢, E, Fig. 4, enclosed one within the other, and
connected by as few supports as possible. The instrument
must be in a room where the temperature is not over 40°
nor under 32°, The two outer compartments, s ¢, and also the
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cover, are filled with broken ice, which, being in a melting state,
preserves a constant temperature of 32° only receiving heat
from the external air as well as from the innermost vessel, E.
When, therefore, the substance, the specific heat of which is
to be examined, is placed in g, all the heat that it gives out is
employed in melting the ice which immediately surrounds it,
and the water thus obtained passes by the pipe, d, into a vessel
beneath, in which it is weighed;
and it is thus ascertained how
much ice has been melted with-
out raising its temperature, or
how much water might be
raised 142° (a number that will
be explained presently, p. 48)
by the cooling of the substance
examined through a known
number of degrees, since no
heat can penetrate to this
ice from the external air, be-
canse all the heat that enters
the calorimeter from without is £
absorbed in melting the ice of Fiw 4 ¢
the outer vessel, and the water L

thus formed drains away to waste through a separate pipe, &',
and is not allowed to mix with the drainage of the inner ice.*

¥ Similar contrivances have been used for measuring the relative quantities
of heat evolved by the combustion of different kinds of fuel. The following
table contains a few such results :—

Fuel of which 1 1b. is burned. IU%Q%ZE};T“ ”:115'1:‘1:.51:]; ?
Hydrogen . . . 8 320
Ll”’ht carburetted h drﬁgen : 4 88
HLEI'-}" carburetted ﬁydrﬂg&n 35 85
Carbon . 2-66 40
Wax . 514 126
Tallow 21 111
Ether . . 26 107
Naphtha . Bk b o7
Olive il . . . 3 03
Aleohol . 21 a8
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In fact, as long as the two outer vessels are kept constantly
supplied with melting ice from the top, they form a perfectly
insulating wall, through which no heat can pass, for as ice
cannot exist above 32° whatever heat enters it must be
employed in melting the first layer, and ean proceed no further
if that layer be renewed. By means of the calorimeter, tables
of specific heat have been constructed, of which the following
is a specimen. It represents the specific heats of equal weights
between 52° and 212° :—

Water . . . . . 100000 Brass . . . . . . 000301
Oil of turpentine . . 042593 Silver. . . . . . 005701
Chareoal . . . . . 024150 T . v 0 e e« D563
Glass . . . . .'. 019768 Mercury . . . . . 003332
On & W W w owos 0EL1YD Gold . . . .+ « . 008244
Zine . . . « . . 000555 Platinum . . . . 003243
Copper . . . . . 000155 Lead . . . . . . 003140

In the case of liquids the specific heat may be ascertained
by the method of mixtures. If a pound of mercury, for
example, at 40°, be mixed with a pound of water at 156°, the
temperature of the mixture will not be the mean, as in the
case of two portions of the same kind of liquid of different
temperatures, but as much as 152:3%; the water having lost
3'7°, while the mercury has gained as much as 112:3° 1If
these numbers be compared, we find that as 112:3° is to 3:7°,
so is 0°03332, the specific heat of mercury as given in the
above table.

The specific heat of gases is found by conducting them
from a vessel at 212° through a spiral tube surrounded by
cold water, which is thus raised in temperature ; and in this
way, by operating with different gases, different results are
obtained. In order to raise 11b. of water from 32° to 212°,
the same quantity of heat is required as will raise 4 lbs. of
atmospheric air the same number of degrees; hence the
specific .heat of air is one-fourth, or, more exactly, 0-02669
that of water. So, also, a pound of water in losing 1
degree would raise 4 Ibs, of air 1 degree. On comparing
equal volumes the result is more striking; water is 770
times heavier than air, and a cubic foot of water, in losing 1
degree of temperature, would raise 770 X 4 = 3080 cubie
feet of air 1 degree. The very much greater capacity of water
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for heat over all other bodies, solid, liquid, or aerial, is of
considerable importance to the well-being of this globe. The
ocean thus acts in mitigating climate, since the heat of summer
is slowly given out during winter, so that 1slands and the
shores of continents enjoy a milder climate than the remoter
inland. The small specific heat of mercury allows it to become
quickly heated and quickly cooled, and thus renders the ther-
mometer sensitive. The mobility of air and its susceptibility
to heat render it liable to frequent change. When air is
suddenly compressed it gives out its heat, while its sudden
expansion produces cold. As the air ascends from the earth
it expands, its capacity for heat is increased, so that 1t cools
itself and surrounding bodies. Cold air, on the contrary,
descending from the upper regions, has its temperature raised
by condensation as it approaches the earth, without obtaining
a supply of heat from any other source. In this way parts of
the earth are rendered habitable, as on mountain slopes in the
equator, where the air from the burning sands below becomes
cooled by expansion in ascending, while the cold winds from
the snow-clad summits above become condensed and warmer
in descending.

When heat is added to a solid body, the first effect which
marks the increase of temperature is expansion ; that is, the
cohesive or attractive force becomes more and more opposed
by the repulsive force of heat ; the particles are consequently
separated to greater distances, and the temperature rises. At
a certain point, however, the temperature, as marked by the
thermometer, becomes stationary, and although the heat be
continually applied, the temperature does not rise. The solid
is now undergoing a change of state; it is passing from the
solid into the liquid state; and no rise in temperature will be
observed until the whole of the solid has become liquid. The
point at which a body begins to fuse or melt, is called its
Susing point, or point of liquefaction, and is different in different
substances. The quantity of heat absorbed by the body, and
unaccounted for, as far as the thermometer is concerned, is
called latent heat.  When the body is liquefied, the tempera-
ture again begins to rise, until another point is attained, when
it again becomes stationary, and the liquid begins to pass off
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in the form of vapour or steam. This point is called the
boiling point, and is also different in different substances. The
heat absorbed during the process of boiling or vaporisation is
also called latent.

If, for example, a quantity of snow, at the temperature of
zero, with a thermometer in it, be placed in a vessel on the
fire, the temperature will be observed to rise to 32°; the
snow will then immediately begin to be converted into water,
and the thermometer will become stationary at 32°, until the
whole of the enow is melted. This temperature, is, therefore,
the melting or fusing point of snow or ice, and the heat ab-
sorbed or rendered latent during the process, being that which
is necessary to produce liquefaction, is hence called also the
heat of liguefaction.

The amount of heat thus rendered latent may be ascer-
tained by placing in the calorimeter a pound of water at any
given temperature, and observing what weight of ice it dis-
golves in falling to some other temperature. In this way we
can ascertain that a pound of hot water, in falling through
about 142° will melt a pound of ice; and in general, any
aiven weight of water, in falling through 142° gives out
sufficient heat to melt its own weight of ice. When, there-
fore, ice is liquefied it absorbs and renders latent as much heat
as would be sufficient to raise its own weight of water from
32° to 92° x 142° — 174°, This large quantity of heat is
necessary to the liquid condition of water. It cannot exist with-
out it any more than ice can exist without giving it up. To
prove this, let a flask of water at 60° be immersed in mercury
at 30° below zero F., 7.e. at—30°; a thermometer, No. 1, in the
mercury will gradually rise, and a thermometer, No. 2, in the
water will fall until it reaches 32° the freezing point of water ;
No. 2 will remain stationary while the water freezes; but
No. 1 will go on rising, showing that the water while freezing
is giving off heat to the mercury. When all the water has
become ice, No. 2 again begins to fall ; but No. 1 still rises,
until its temperature is the same as No. 2. The latent heat
of the water is thus gradually made apparent, and is given
out during the freczing ; and as the temperature of the ice 13

the same as that of the water before it was frozen, or when
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No. 2 became stationary, the heat thus liberated must pass to
the mercury.

This liberation of heat during freezing mitigates the winter'’s
cold and diminishes the thickness of the icy layer produced
by one night's frost, for as the water freezes on the surface,
one portion of the heat of liquefaction is given off to the air,
and another portion to the water below. So also during a
thaw, the ice in melting slowly absorbs its proportion of latent
heat, and the aceumulated ice and snow of winter gradually
disappear, If ice were rapidly to absorb its latent heat, the
snow and ice would liquefy too quickly, and terrible floods
would be the consequence ; but as the latent heat of water is
greater than that of any other body, it undergoes its changes
more slowly. The latent heat of water is 142:65°; that of
zine is 50:63°; of silver, 37°92°; of tin, 25:65°; of sulphur,
16:85°; of lead, 9:65°; and of mercury, 5°11°.

When all the ice or snow in a vessel over the fire is melted,
the thermometer will rise from 32° through 180° until it
reaches 212° which is the boiling point of water under ordi-
nary atmospheric pressure. The thermometer again remains
stationary while the water is passing off in the form of steam,
This change of state from the lignid to the gaseous form
requires a large amount of heat to be absorbed and rendered
latent. If we note the time required to raise water from the
freezing to the boiling point, or from 32° to 212° through an
interval of 180° and then note the time required to boil away
the whole of the water, it will be found to be 5% times that
of the former; that is, if it require 5 minutes to raise the
thermometer 180°, or from freezing to boiling, it will require
274 minutes to boil away the whole of the water without any
rise of temperature. It is obvious, therefore, that during
this time, the water, in passing into steam, must have absorbed
180° x 5% = 990° which is the latent heat of steam.

On condensing steam, the latent heat becomes apparent,
just as the latent heat of water does when it becomes solid,
It 1s this large amount of latent heat in steam which renders
it important as a heating agent: 1 gallon of water cone
verted into steam contains sufficient heat to raise 54 gallons
from 32° to 212°, Hence, steam made to circulate in pipes

D
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through a building is an efficient and economical sonrce of
heat: 1 square foot of radiating surface in a steam-pipe
being, in general, sufficient for warming 200 cubic feet of
space. No other vapour contains nearly so much latent heat
as steam : 990° is perhaps in excess, but taking 9666 as the
more probable number at the boiling point of water, the
latent heat of an equal weight of aleohol atits boiling point is
374:9°; that of ether, 162-8°; and that of oil of turpentine,
133-2°, Equal bulks of different liquids give very different
volumes of vapour; a cubic inch of water at 212° becomes
very nearly a cubic foot of steam at the same temperature,
expanding as it does into 1,696 times its volume, Aleohol
boils at 173°; a cubic inch of the liquid at 60° expands into
528 cubic inches of vapour at its boiling point ; ether boils at
95°, and gives 298 cubic inches of vapour ; oil of turpentine
boils at 214°, and gives 193 cubic inches of vapour. It is
this marvellous expansive force of steam, due in great measure
to the large quantity of vapour from so small a quantity of
liquid, that renders it so admirable a prime mover in the
steam-engine, Alcohol boils at a lower temperature, and
requires much less heat in becoming vapour, yet, were it as
cheap as water, it would not be so economiecal in the steam-
engine, on account of the comparatively small volume of
vapour produced by the liquid,

The sum of the latent and sensible heats in a body is very
nearly constant. IFor example, if water at 212° in changing
its state from the liquid to the vaporous, absorbs 950° of
heat, water at 262° would absorb only 900° and water at
162° would absorb 1,000° the sum in all three cases being
the same, viz., 1,162°,

The quantity of vapour given off by different liquids at a
given temperature bears relation to their boiling points, the
most volatile liquid giving off the largest quantity of vapour.
The difference of volatility in different liquids may be measured
by sending a few drops of each liquid into tubes filled with
mercury, and standing in a cistern of that metal. As soon
as the liquid reaches the Torricellian vacuum it instantly
evaporates, and fills the space with vapour, which, by its
clasticity, depresses the mercurial column, and measures the
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elastic forece, or the pressure of the vapour in question, at the
observed temperature : for high temperatures the barometer
tube can be enclosed in a wider tube filled with water, which
can be raised to the boiling point. The quantity by which
the mercurial column descends represents the length of the
column that the vapour would support. Thus, at 50° the
vapour of ether will support a column of rather more than
111 inches of mercury; while the vapour of alecohol will
support less than 1 inch; and the vapour of water not much
more than § of an inch, At 212° the vapour of water supports
30 inches of mercury; or, in other words, is equal to the
atmospheric pressure. Bevond this temperature it becomes
high-pressure steam, which at 230° will support a eolumn of
mercury 42-45 inches high. In the following table, the first
column represents the temperature, and the other columns
the height of mercury in inches supported by the vapour of
the substance at the head of each column.

Temp. Fahr. Ether. Aleohol. Water.
Degrees. Inches, Inches. Inches,
— 4 2725 0-131 0036
=+ 14 4:356 0256 0-082

32 7176 0-501 0-182

a0 11-278 0-948 0-361

68 17117 1-732 068G

86 25078 3086 1-245
104 So'O71 5150 2-1G8
122 49920 8673 3631
140 68'121 13776 o874
158 0092 21228 9-201
176 116-03 2000 13-008
194 153-50 46-860 20°740
213 103-72 G6-330 20000
230 246-02 92:500 42-450
240 — -—- 49-670
250 - — 58210
260 - — 67730
270 - - T7:850
290 — - 100°200
BDD —_ . 111-810
220 — — 135-000

It will be seen by this table that water and other volatile

liquids throw off vapour at very low temperatures when
' D 2
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exposed to the air : this process is called spontaneous evapora-
tion, The liquid fills the space above it with vapour of a
fixed density and elasticity, depending on the temperature.
When the space can contain no more vapour at a given tem-
perature it is said to be saturated. The density of the vapour
at the given temperature has a certain fixed pressure, which
18 measured by the column of mereury which it will support.
No more vapour can enter the space unless the temperature
be raised, and should the temperature fall, a portion of the
vapour will be condensed, and the remaining vapour will
expand so as to fill the original space and have a density and
elasticity due to the altered temperature. During evaporation
the vapour is supplied from the surface only of the liquid.
During ebullition or boiling, steam is formed at every part of
the liquid. In boiling, the vapour maintains the same
temperature, provided the pressure remain the same; but
evaporation may go on at all temperatures and pressures, the
quauntity of liquid evaporated depending on the temperature
and the amount of surface exposed; or the pressure may be
increased or diminished, or removed altogether, without
affecting the result, or that quantity of vapour which can
exist in a given space at a given temperature ; the saturation
of that space requiring a longer time in proportion to the
density of the air contained in it; while in a vacuum the
saturation is instantaneous ; this is the only difference.

The amount of evaporation, however, is greatly influenced
by the motion of the air, which ecarries off the vapour from
the surface of a liquid as fast as it is formed. A strong wind
will cause twice as much vapour to be discharged as a still
atmosphere. Dalton ascertained the number of grains weight
of water evaporated per minute from a vessel 6 inches in
diameter, for all temperatures between 20° and 212°, when
the air was still, or in gentle or brisk motion. When the
water was at 212° the quantity evaporated was 120 grains
per minute in a still atmosphere ; 154 grains per minute
with a gentle motion of the air, and 189 grains per minute
with a brisk motion of the air. The following is an extract
from his table between the temperatures of 40° and 60° :—
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Force of vapour ' - .
Tem gy Evaporating force in
By || lshect grains of water.
Degrees Still. Gentle. | Drisk.
40 0-263 1-05 1-35 1G5
42 2583 1:13 1:45 178
41 305 1-22 1-57 1-92
4G 327 1-31 1-G8 206
48 30l 1-40 1-80 2:20
50 370 1:50 1-92 2:36
o2 401 1-60 206 251
o4 420 1-71 2:20 289
a6 458 1-83 2:35 2-88
a8 400 1-06 2032 308
G0 024 2:10 270 330

The amount of spontaneous evaporation is also greatly
influenced by the quantity of vapour already existing in the
air, In order to find this, we must ascertain the dew point
of the air, or the temperature at which the vapour in the air
begins to condense, and then, by referring to the table, the
quantity of vapour in the air at the time can be found, and
this, deducted from the quantity shown by the table to be
given off at the ascertained temperature of the evaporating
liquid, will give the quantity of water that will be evaporated
per minute. In finding the dew point, the wet and dry bulb
thermometers may be usﬂr'i with reference to the Hygrometrie
Tables issued by Mr. Glaisher, which give the dew point
when the temperatures are known. The principle of the
hygrometer is to bring some colder body into the air, or have
the means of cooling some body to such a point as shall just
condense the vapour of the air upon its surface, D, Dnlton
adopting Le Roi's method,* used a very thin glass vcsael
into which he poured cold watm from a well, or cooled duwn
the water by adding a small portion of a freezing mixture,
If the vapour were matantly condensed, he pmued out the
cold water, and used some a little warmer, and so on, until
he could just perceive a slight dew upon tha surface, The
temperature at which this took place was the dew point. 1In

* See “ Experimental Essays” in this series—Essay iii,
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Daniell's hygrometer, the cold is produced by the evaporation
of ether. Now, suppose the dew point of the air to be 40°,
and the temperature of the air and of the evaporating liquid
to be 60° with a still atmosphere, the vapour in the air, as
shown by the table at 40° is 105 grains, which subtracted
from that at 60°, or 2:10, gives 15 grains per minute as the
quantity of vapour given off from a surface 6 inches in
diameter,

During the spontaneous evaporation of wet surfaces, a
considerable degree of cold is produced by the quantity of
heat rendered latent by the formation of the vapour, and the
heat is mostly derived from the liquid itself, or the surface
containing it. By proper contrivances, water may be frozen,
in consequence of the abstraction of heat during the rapid
formation of vapour. When a person takes cold from wearing
wet clothes, the vapour from the clothes obtains its heat
from his body, and the chilling sensation is often the greater
the warmer the air. A person with damp clothes, entering
a room filled with hot dry air, is very likely to take cold, on
account of the powerful effect of warm air in abstracting
moisture,

In a badly ventilated room, the moisture from the’ breath
of the inmates, and from the combustion of lamps and candles,
accumulates nearly to the point of saturation. This is well
shown by an experiment of the late Professor Daniell. The
temperature of a room being 45° the dew point was 39°; a
fire was then lighted in it, the door and window were shut,
and no air was allowed to enter ; the thermometer rose to 55°,
but the point of condensation remained the same. A party
of eight persons afterwards occupied the room for several
hours, and the fire was kept up ; the temperature rose to 68°,
and the point of condensation rose to 52°.  Now, if this room
had been properly ventilated, the vapour would have been
removed as it was formed, and with it the effluvia and impure
air.

We have given in this Introduction a few of the leading
phenomena and laws of heat, which we think must be suffici-
ently impressive for every thoughtful reader, without reference
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to the nature or cause of heat. Science is most efficient in
investigating the laws of phenomena rather than the causes of
things ; but still it is impossible to repress speculation as to the
nature of the forces with which we are constantly dealing,
and this speculation, with minds of a high order, may some-
times take the place of induction, and lead to very important
results. Thus, heat has been supposed by some to be a very
subtle fluid, capable of penetrating and combining avith matter
so as to produce latent and sensible effects; while heat has
been supposed by others to be a kind of molecular motion,
which may be generated by friction, percussion, compression,
combustion, &c.

Let us examine this dynamical or mechanical theory of
heat a little more closely, Philosophers suppose matter to be
everywhere penetrated by a highly elastic ether which fills
all space, and connects star with star, as well as atom with
atom. The atoms which form a mass of matter are held
together by cohesion, while at the same time they vibrate
across their positions. Such vibrations are communicated to
the elastic ether, and the vibrations of the ether are also com-
municated to the atoms, Friction or percussion, or the contact
of a heated body, increases the amplitude of the vibrations of
the atoms, and the body expands, while the ether which fills
the interatomic spaces is also in a state of vibration, and resists
the force of attraction on the part of the atoms of matter,
Regarding heat as a mode of motion, temperature may be
raised or lowered by increasing or diminishing the rates of
vibration of the particles. A cold leaden bullet, on a cold
anvil, struck with a ecold sledge hammer, becomes heated ;
“ and could we gather up all the heat generated by the shock
of the sledge, and apply it without loss mechanically, we
should be able by means of it to lift the hammer from the
height to which it fell.”

Heat, then, as a mode of motion, is but an illustration of
that great principle of the conservation of force which per-
vades modern science, based on such ideas as these—namely,
that the amount of force in the universe is fixed and- definite ;
that the creation of force by human agency is as impossible
as the creation or destruction of matter ; and that all forces
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are mutually convertible—heat passing into motion, and
motion disappearing, to appear again as heat, or light, or
electricity.

We cannot better illustrate this theory than by stating the
experimental facts and the reasoning by which the equivalent
of heat was determined, or, In other words, how much heat is
represented by a given amount of motion, and how much
motion can be produced from a given amount of heat. For
the following details we are indebted to Professor Tyndall's
charming volume already referred to.

It is known that a gaseous body expands }sth of its
volume for every degree of Fahrenheit, or 15 for every
degree of Centigrade; so that a cubic foot at zero C,
1 A on being heated to 1° becomes 1:00367 cubic
“ fect, or, expressed in other language—

1 vol. at 0° C becomes 1 4~ 00367 at 1°C.
Ir g At :2“ T = 1 'Uq:i[{? -~ :2

, at3°, . 1---00367 X3
and so on. The constant number 00367 is the
fraction of its own volume which a gas at 0%, or
the freezing point, expands on being heated 1°;
it is the coefficient of expansion of the gas, If
Tahrenheit's scale be used, the coefficient will be
r smaller, in the proportion of 9 to 5,
.f Let A B, Iig. 5, be a tall eylinder, 1 inch square,
ZZAP filled with air, closed at the bottom and open at
the top, with a piston, p, moving in it, air tight
and without frietion ; which piston it is supposed
shall weigh 2 1bs. 1 0oz. Suppose the piston at p to
be 273 inches above the bottom, B, of the eylinder.
Let the air beneath the piston be at the tem-
perature of 0° C.; on heating the air from 0°
to 1° O, the piston will rise 1 inch, and will
now stand at 274 inches from the bottom. If the
temperature be raised 2°, the piston will stand at
275 inches ; if 3°, at 276 ; if 10°, at 283 ; if 100°,
=B it will stand 373 inches above the bottom. If the
Fig. 5.  temperature were raised to 273° C., 273 inches
would be added to the height of the column; or, in other
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words, by heating the air to 273° C., its volume wounld be
doubled.

In this experiment the gas evidently does work. In ex-
panding upwards it has to overcome the atmospheric pressure
of 15 1bs. on the square inch, together with the weight of the
piston, which is 21bs. 1 0z. The section of the cylinder being
1 square inch, the gas, in expanding from p to A, does an
amount of work equivalent to raising a weight of 17 Ibs. 1 oz,
or 273 oz., to a height of 273 inches. The effect, indeed, 1s
the same as if the air above the piston were abolished, and a
piston weighing 273 oz. were used.

Now, suppose that instead of allowing the gas to expand
by heat, its volume be made constant by increasing the pres-
sure ; suppose the initial temperature to be 0° C. as before,
and the pressure also the same as before—that is 273 oz.; if
we heat the gas from 0° to 1° C., a weight of 1 oz. additional
is required at p to keep the pressure constant; this augmen-
tation of 514, then, is the measure of the elastic force of the
gas. If we heat it 2°, 2 oz, additional are required to keep
the volume constant; and so on up to 273° when an addi-
tion of 273 oz. is requisite ; in short, the original pressure
must be doubled, in order to keep the volume constant.

In both these experiments the quantity of matter heated
is the same, and the temperature to which it was raised was
in both cases the same ; the quantities of heat, however, are
very different. Suppose that in order to raise the tempera-
ture of the gas at a constant volume 273°% 10 grains of com-
bustible matter were required, then, in order to raise the
temperature of the gas, the pressure of which must be kept
constant, an equal number of degrees would require 14}
grains of the same kind of fuel. The heat produced by the
additional 4} grains in the latter case is entirely consamed in
lifting the weight. Now, the quantity of heat applied when
the volume is constant is, to the quantity applied when the
pressure is constant, in the proportion of 1 to 1421, From this
fact the mechanical equivalent of heat was first caleulated, Its
value may be determined somewhat in the following manner :
—Let ¢, Flig. 6, be a cylindrical vessel with a base 1 square foot
in area; let p p mark the upper surface of a cubie foot of air

n 3



E
58 MECHANICAL EQUIVALENT OF HEAT.

at the temperature of 32° Fahr.or 0° C. The height o p will
then be 1 foot. Let the air be heated until its volume is doubled.
- | ——r It will l'cqlljz'e it to be raised 203° C., or
490° Fahr. in temperature, and when ex-
panded its upper surface will stand at p' p',
1 foot above its former position; but in
rising from p p to p' p’, it has forced out
Plr P the atmosphere, which exerts a pressure of
151bs. on every square inch of its upper
C surface ; in other words, it has lifted a
weight of 144 x 15 = 2,160 lbs. to a
height of 1 foot. The capacity for heat
A of the air thus expanded is 0:24, water
Fig. 6. being unity. The weight of the cubic
foot of air is 1'29 oz, hence the quantity of heat re-
quired to raise 1'29 oz. of air 490° Fahr, would raise a
little less than 1 of that weight of water 490° Fahr, The
exact quantity of water equivalent to the 1:29 oz. of air, is
129 % 024 = 031 oz.; but 031 oz. of water heated to
490°, is equal to 152 oz., or 9§ lbs. heated 1°. Thus the heat
imparted to a cubic foot of air, in order to double its volume,
and enable it to lift the weight of 2,160 lbs. 1 foot high,
would be competent to raise 93 lbs. of water 1° Falr, in
temperature.

The air has been heated under a constant pressure, and we
have seen that the quantity of heat required to raise the tem-
perature of a gas under constant pressure a certain number
of degrees is, to that required to raise the gas to the same
temperature when its volume is kept constant, in the pro-
portion of 1'42 to 1; hence we have the statement—
142+ 1 = 951bs.: 6:71bs. This shows that the quantity of
heat necessary to angment the temperature of the cubic foot
of air of constant volume 4902, would heat 6:7 lbs. of water 1°;
deducting 6°7 Ibs. from 9-51bs.,, we find that the excess of
heat imparted to the air in the case where it is permitted to
expand is competent to raise 2:8 1bs. of water 1° in tempera-
ture. As already explained, this excess has been employed
to lift 2,160 lbs. 1 foot high. Dividing 2,160 by 2'8, we find
that a quantity of heat sufficient to raise 11b, of water 1° Fahr,
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in temperature is competent to raise a weight of 7714 lbs. a
foot high.* .
Quitting this part of the subject, it will be instructive to
show how the doctrine of specific and latent heat is taught
by the new theory. _
Take a piece of metal—lead for example—and apply to it
a certain amount of heat. The heat is disposed of in twc
distinet ways—one of which is to impart that kind of motion
to the particles by which the temperature is raised, and
which is sensible to the thermometer ; while another portion
of the heat is expended in forcing the atoms of the lead into
new positions, and this portion is lost as heat. In thus moving
the particles into mew positions, a portion of the heat 1z
expended in performing interior work; and as the body cools,

# According to Dr. Tyndall, this method of caleulating the equivalent of heat
was first indicated by Dr. Mayer, a physician at Heilbronn, in Germany, .
the spring of 1842, In August, 1843, Mr. Joule communicated a paper to
the British Association at Cork, in which he describes a series of experiments
on magneto-electricity, executed with a view to determine the mechanical
value of the heat. In 1849 he obtained the following number for the
mechanical equivalent of heat:—

T72:692 from friction of water, mean of 40 experiments,
T74-083 " mercury ,, o0 -
TT4-087 i cast-iron ,, 20

For reasons assigned in his paper, Mr. Joule fixes the exact equivalent of
heat at 772 lbs.,, which is almost identical with Mayer’s equivalent. In
adjusting the claims of Mayer and Joule, it must be remembered that if
Mayer started the theory, it was Joule who did the work, and established the
theory on an experimental basis. The idea, however, that heat is not a fluid,
but only a motion, is at least as old as Bacon and Locke ; while Rumford and
Davy showed, by experiment, that motion is convertible into heat. Carnot,
Lirove, Clausius, Helmholtz, Holtzmann, Rankine, and Thomson, may all be
named as worthy labourers in the field ; but the discovery of the exact
equivalent of heat—that is, how much heat is represented by a given amounf
of motion, and how much motion can be produced from a given amount of
heat—must we think, be shared between Mayer and Joule. Professor Tait,
however, expresses his opinion that most of the results obtained by those who
have worked at the dynamie theory of heat must rest on hypothetical grounds
until we know more of the intimate structure of matter and the kind of motion
to which heat belongs. “ The general principle of the conservation of energy
is founded on the exact determination of relations of equivalence betweca
the various forms of energy, and especially between heat on the one hand
and each of the others in succession. This was begun by Joule in 1840, and
had already produced a vast amount of important results before the appear-
ance of Mayer’s first paper.” I'rofessor Tait denounces the analogy as false
between the falling together of material masses by gravitation, and the con
densation of a gas by the external application of mechanical force. Sec
Philosophical Magazine, 1863,

a2
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the forces which were overcome in separating the particles to
a greater distance again resnme their sway, and act by draw-
ing the particles nearer together.

In gaseous bedies it is probable that the elementary atoms,
whether different in size and weight, if of the same tempera-
ture, possess the same amount of energy called heat, the
lighter atoms making good by velocity what they want in mass.
The atomic weight of hydrogen is 1, that of oxvgen by the
new theory 16 ; so that a pound of hydrogen would contain
pixteen times the number of atoms that a pound of oxygen
would, since the number of atoms in a pound weight is
inversely proportional to the atomic weight. Hence, in order
to raise a pound of hydrogen 10° say from 50° to 60°, six-
teen times more heat would be required than to raise a similar
weight of oxygen 10°. So also a pound of hydrogen, in
falling through 10°, would yield sixteen times more heat than
a like weight of oxygen in falling 10°. DBut in gaseous
bodies there is no interior work, since there are no molecular
attractions to be overcome. In solids and liquids, on the
contrary, not only are there more atoms present in a given
weight, but there are differences, due to the consumption of
heat in interior work, and these differences represent the
specific heats of bodies, or their capacity for heat, as it was
formerly expressed, under the idea that some bodies were
capable of holding a greater store than others of heat, consi-
dered as a fluid.

The nature of this interior work is further illustrated in the
case of water just above and just below its point of maximum
density, when it occupies the same bulk, though containing
very different quantities of heat. *“Suppose a pound of water
heated from 31° C. to 43¢ C.—that is 1°—its volume at
both temperatures is the same; there has been no forcing
asunder of the atomic centres, and still, though the volume is
unchanged, an amount of heat has been imparted to the water
sufficient, if mechanically applied, to raise aweight of 1,390 lbs.
a foot high,* The interior work done here by the heat can be
nothing more than the turning round of the atoms of water.

* 772 foot pounds being the mechanical equivalent for 1% Fahr., 1,390 Ibs
will be the equivalent for 1° C.
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It separates the attracting poles of the atoms by a tangential
movement, but leaves their centres at the same distance
asunder, first and last.”

This interior work, then, may not consist in producing
expansion, or pushing the atoms further apart, but may actu.
ally draw them closer together, as when they are thrown into
that condition of polarity in which we suppose them to be when
it separates two surfaces highly charged with opposite elec-
tricities, or when the particles of the magnet show equal
and opposite forees at their extremities, or when the particles
of a saline solution become built up into some regular crystal-
line form ; that is the kind of interior work which we may
suppose is here referred to.

When a body changes its state, as when ice melts, as much
heat enters it as would suffice to raise the same weight of
water 143° Fahr. in temperature; and when a pound of
water at 212° becomes a pound of steam at the same tempe-
rature, 967 times as much heat is required as would raise
a pound of water 1° Fahr, in temperature. The heat thus
lost, as far .as the thermometer is concerned, is said to have
become latent. Professor Tyndall says: “ The fiction was
invented that it was rendered latent:” but we cannot help
remarking that such an expression as ‘ internal work,” is
quite as much a fiction as that of “latent heat.” Professor
Tyndall's ingenious explanation of some of the phenomena
which we have been discussing in this Introduction is briefly
as follows. Referring to latent heat, he says :—

“ The fluid of heat hid itself in gome unknown way in the
interstitial spaces of the water and of the steam. According
to our present theory, the heat expended in melting is con-
sumed in conferring potential energy upon the atoms. It is
virtually the lifting of a weight. So, likewise, as regards
the steam, the heat is consumed in pulling the liguid mole-
cules asunder, conferring upon them a still greater amount of
potential energy; and when the heat is withdrawn, the
vapour condenses, and the molecules again clash with a
dynamic energy equal to that which was employed to separate

them, and the precise quantity of heat then consumed now
Yeappears.
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“The act of liquefaction consists of interior work—work
expended in moving the atoms into new positions. The act
of vaporisation is also, for the most part, interior work; to
which, however, must be added the external work performed
in the expansion of the vapour, which makes place for itself
by forcing back the atmosphere,”

NotE (page 43).—It was until lately supposed that all gases were equally
diathermanous or transparent to the heating rays—for such distances, at least,
as were under control in ordinary physical experiments. Thus Melloni found
no sensible interception of heat in a distance of 18 or 20 feet of atmospheric
air. It is very different with compound gases and vapours, as has been
recently shown by the experiments of Tyndall. When the source of heat is
a cube of copper filled with boiling water, and the column of gas 4 feet in
length, the absorptive power of different gases is expressed by the following
numbers :—

Air, oxvygen, nitrogen, and Nitrousoxide . . . . 390
hydrogen—each . . . 1 | Sulphuretted hydrogen . 390
Chlorine ., . . . . . 39 | Mashgas . . . . . 403
Hydrochloric acid . . . (2 | Sulphurousacid . . . 710
Carbonic oxide and car- Olefiant gas . . . . . 970
bonic acid—each ., . . 90 | Ammonia . . . . . . 1195

The absorptive power of vapours for rays of obscure heat is also remarkable,
and the results have thrown a new light on certain cosmical phenomena.
For example—it has been supposed that organie life could scarcely exist in
planets most distant from the sun, on account of the low temperature pre-
vailing there, the heat diminishing according to the law already explained
(page 87). In such a surmise, however, the influence of a gaseous and
vaporous envelope surrounding the planet has not been taken into account.
The sun’s rays, passing into such an atmosphere, would be partly retained by
absorption, and thus prevent the cooling of the planet by radiation into
space. The absorbent effect of the vapour in the earth’s atmosphere is such,
that its removal, for a single summer night, from the atmosphere which
covers England, would be attended by the destruction of every plant which
a freezing temperature could kill. The perfumes of many flowers have a
remarkably high absorbent action for the obscure rays of heat. An atmos-
phere scented by the essential oil of patchouli had an absorbent action
expressed by 30; with lavender it was 60; with cassia, 109; with aniseed,
372: so that the perfume of a flower-bed absorbs a large proportion of the
radiant heat of low refrangibility that falls upon it. . ’

Regarding the earth as a source of heat, at least l.ﬂ per cent. of its heat is
intercepted by the aqueous and other vapours within 10 feet of the surface.
Tyndall has also shown that the most powerfully absorbent gases are also the
best radiators—a law which has long been established in the case of solids,



PART I

CHAPTER 1.

ON THE METHODS OF WARMING HOUSES BY MEANS OF OPEN
FIRE-PLACES, ETC., BEFORE AND ATFTER THE INTRO-
DUCTION OF CHIMNEYS.

SoME instructive results may be obtained from the inquiry,
how far the physical structure and mental characteristics of
men are influenced by the eomparative scarcity and abund-
ance of some of the prime necessaries of life. The unequal
distribution of solar heat over the earth is the cause of
marked differences in national character ; and where an arti-
ficial in-door climate is required, the ease or difficulty with
which fuel is procurable has a great effect in promoting or
interfering with the health and personal comforts of nations ;
and these, by a reflex action, contribute much to the forma-
tion of character. It has been remarked, that formerly the
county of Buckingham being overgrown with wood, it was
thought necessary to clear it away, on account of the refuge
it afforded to the numerous robbers who infested the district.
The people being thus deprived of fuel, became in the course
of time stunted in growth and dulled in intelligence ; until,
by the extension of inland navigation, fuel became cheap, and
then the inhabitants began to improve. In the county of
Lancaster, on the contrary, the great abundance and cheap-
ness of fuel were extremely favourable to health and comfort,
and hence, according to Sir Gilbert Blane, the Lancasterians,
especially the females, have become noted for their well-formed
persons and handsome faces. In Yorkshire, and other parts
of England where fuel is abundant, the people are generally
well-grown, healthy, and intelligent, and their average height
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is said to exceed that of the inhabitants of other parts of
England where fuel is scarce. The Norwegians are generally
well lodged, each house being furnished with glass windows,
and an iron Lakle or stove ; and on this account they are a better
grown race than the North-Western Highlanders of Scotland,
who procure their fuel with difficulty, and consume it in a
rude and unthrifty manner. In France, where fuel is seavce,
the average height of a man does not exceed 5 feet 4 incues;
in the Netherlands, where fuel is more abundant, the average
height is &6 feet 6} inches; and in England, where fuel is
cheap and abundant, the average height is upwards of 5 feet
D inches; in Sweden, where wood is as abundant as our coal,
the peasants are tall, vigorous men, notwithstanding their
uncleanly habits and the rigour of the climate.

I think it is Dr. Franklin who remarks, that where fuel is
dear, working people live in miserable hovels, and are ragged,
and have nothing comfortable about them ; but where fuel is
cheap, or managed to advantage, they have decent habita-
tions, and are well provided with necessaries. The obvious
reagon is, that the working hours of such people are the
profitable ones, and they who cannot afford sufficient fuel
have fewer such hours in the day than those who have it
cheap and plentiful ; for much of the domestic work, whether
of women or men, that requires but little bodily exercise, can-
not well be performed when the fingers are numbed with cold.
Poor people, therefore, in cold weather, go to bed earlier,
and lie longer in the morning than they would do if they
had good fires to sit by ; so that their hours of work are not
sufficient to produce the means of comfortable subsistence.

The comparative scarcity or abundance of fuel will, of
course, greatly determine the method of creating an artificial
climate within doors. In some parts of China, where fuel is
scarce, the people secure themselves from the cold of winter
by warm clothing, and this is probably a safer method even
than our own, because with them the defence is constant and
uniform, while our in-door clothing is thin, and we rely for
warmth upon an atmosphere heated to the temperature of
summer. If the person be well clothed, the coldest atmos-
phere can be breathed with safety, and its effect is often
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highly exhilarating, as in skating on the ice or in walking
briskly. We often Ell]ﬂj? the warmth of a bed while breathing
an atmosphere cold enough to freeze the water in the ewer.
Hence it is better, as Dr. Arnott remarks, to clothe so as to
feel comfortably warm in a room heated to 60° or 62° as a
steady temperature, which it would not be dangerous to enter
or to leave, than to dress lightly in a room heated by a common
fire to T0°, or more, and which is liable to sink to 509, or less.
In Normandy, where the cold of winter is severe, and fuel
expensive, the lace-makers, in order to keep themselves warm,
and at the same time to save fuel, agree with some farmer,
who has cows in winter quarters, to rent the close sheds. The
cows are tethered in a row on one side of the shed, and the
lace-malers sit cross-legged on the ground on the Dthcl side,
with their feet buried in straw. The cattle, being out in the
fields by day, the poor women work all night for the sake of
the steaming warmth arising from the animals, An analogous
practice is recorded of the Nottingham lace-makers, who are
said at one time to have been in the habit of crowding together
in a small room for the sake of the heat engendered by their
breath, in spite of the poisonous atmosphere thus produced.
The Laplander, during eight months of the year, inhabits
a little hut with a small hole in the centre of the roof for the
admission of light and the escape of smoke, and obtains heat
from a smoky lamp of putrid oil, as the Esquimaux does in
his hut of snow. The effect of this arrangement is, that
the Laplanders are commonly afflicted with blear eyes. The
Greenlander builds a larger hut, and contrives it better, but
it is often occupied by half a dozen families, each having
a lamp for warmth and for cooking, and the effect of ﬂllE
arrangement, according to the remark of a traveller, “is to
create such a smell, thatit strikes one not accustomed to it to
the very heart.” It is to be feared that a similar effect would
be produced on any one of our readers were he to enter the
huts of some of the Irish and Scottish peasantry, or even the
rooms of the poor in our large towns,
The method of obtaining warmth in Persia is scarcely an
improvement on the smoky lamp of the Laplandera and Green-
landers, A large jar, called a Zourcy, is sunk in the earthen
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floor, generally in the middle of the room. This is filled with
wood, dung, or other combustible ; and when it is sufficiently
charred, the mouth of the vessel is shut in with a square
wooden frame, shaped like a low table, and the whole is then
covered with a thick wadded quilt, under which the family,
ranged around, place their knees to allow the hot vapour to
insinuate itself into the folds of their clothing ; or when they
desire more warmth, they recline with the quilt drawn up to
their chins. The immovable position necessary for receiving
the full benefit of the glowing embers is inconvenient; and
the effluvia from the fuel is nauseous and deleterious, Head-
ache is produced, and, from the number who sleep entirely
under the quilt at night, suffocation is not an uncommon
accident. The kourey also serves for an oven, and the pot
is boiled on its embers. This rude and unwholesome method
1s adopted in the noblest mansions of the cities, as well as in
the dwellings of the poorer classes; only, in the former, a more
agreeable fuel is burnt, and the ladies sit from morning till
night under rich draperies spread over the wooden cover,
endeavouring to overcome the soporific influence of the foul
air by occasional cups of coffee, or the delightful fumes of
the kalioum.

The burning of fuel in the midst of an apartment is by no
means confined to nations whom we are in the habit of calling
barbarous and uncivilised. In Seville and other parts of
Spain, preparations for winter are made about the middle of
October. The lower summer apartments are stripped of their
furniture, and the chairs and tables are removed to other
rooms on the opposite side of the court. The brick floors
are covered with thicker mats than those used in the warm
scason. A flat and open brass pan, about 2 feet in diameter,
raised a few inches from the ground by a round wooden
frame, on which those who git near it may rest their feet, is
used to burn a sort of charcoal, made of brushwood, called
cisco. The carbonic acid given off by this fuel is injurious
to health ; but such is the effect of habit, that the natives
do not refer their ailments to the stifling fumes of their
braziers,

The charcoal brazier is a very ancient method of warming
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an apartment ; the Greeks and other nations commonly used
it, and sought to correct the deleterious nature of the fumes
by burning costly odorous gums, spices, and woods.

The braziers of the Romans were elegant bronze tripods,
supported by satyrs and sphinxes, with a round dish above for
the fire, and a small vase below to hold perfumes. A kind of
close stove was also used : but, in either case, the smoke was so
considerable that the winter rooms were differently furnished
from those appropriated to summer use. The former had
plain corniees, and no carved work or mouldings, so that the
soot might be easily cleared away. In order to prevent the
wood from smoking, the bark was peeled off, and the wood
kept long in water, and then dried and anointed with oil.
It is not, however, evident how this plan should prevent the
smole of the burning fuel.

The great convenience of the brazier, and the apparent
cleanliness of the fuel,* are arguments in favour of its continued
use even in our own day. A visitor to some of our beautiful
cathedrals in winter, during the time of divine service, Salis-
bury Cathedral for example, will be astonished to see on the
floor of the choir two or three enormous braziers full of live
charcoal ; a peculiar odour arises from them, and pervades the
building ; a pleasing sensation creeps over the whole frame,
and the tendency to sleep is often irresistible ; persons troubled
with cough cease to cough, and an unusual effort is required
when the service is over to rise and quit the building.f "The
enormous size of the enclosure prevents any fatal effects from
the abundant evolution of carbonic acid, nor have we ever
heard of any well-authenticated case of injury to any one;

* Charcoal has this advantage over gas, alcohol, oil, and every kind of fuel
that contains hydrogen, namely, that the products of combustion are dry;
whereas, if hydrogen is present in the fuel, water is always formed in consider-
able quantity, every 1 part of hydrogen producing 9 parts of water. This is
of importance in some cases, as in lecturing on a subject requiring dry
apparatus, such as electricity, in the presence of alarge audience, in a spacious
theatre. Under such circumstances a small pan of live charcoal, resting on a
large tile, and covered with a plate of copper placed under the prime con-
ductor, will allow experiments to be performed with success even on a rainy
day. A similar arrangement with asmall gas stove is notso effectual, for the
reason above stated. Some further illustrations of this kind will be given
when we come to speak of the ventilation of lighthouses.

t This deseription applies as forcibly now as when it was written thirteen
years ago, in the first edition of this work.
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but a very little consideration will show that, in a smaller
space, such as a room, this primitive method of obtaining
warmth might lead to dangerous consequences. A single
pound weight of charcoal consumes in burning 2% lbs. weight
of oxygen, which is the quantity contained in between 13 1bs.
and 14 1bs. weight of atmospheric air. Now, a good-sized
room, 20 feet by 13 feet, and 10 feet high, does not contain
more than about 200 lbs. weight of air, and as the combustion
of 11b. of charcoal produces 3% lbs. of carbonic acid, which,
by mingling with the rest of the air of the apartment, renders,
at least, 36 1bs. weight of air unfit for respiration, making in
all about 50 1bs. weight of air, it follows that, in such a room,
the air will require, for healthy respiration, to be renewed
many times an hour,

The fatal effects of the charcoal brazier, in a close room, are
too. frequently illustrated in the deaths of suicides, and some-
times in accidental deaths, as recorded in our newspapers.
Some years ago, a picture dealer, near Hanover Square,
availed himself of this means of destruction, We have been
told of a case where two servants, who slept on the ground-
floor, took a pan of charcoal into their bedroom one cold
night, and were both found dead next morning. DBut, per-
haps, the most remarkable case of self-murder, by this means,
is that of the promising son of DBerthollet, the celebrated
chemist, seeing that the fatal act was conducted with all the
method and precision of a scientific experiment. This young
man became affected with great mental depression, which
rendered life insupportable to him. Retiring to a small
room, he locked the door, elosed up every chink and crevice
which might admit fresh air, carried writing materials to a
table, on which he placed a seconds’ watch, and then seated
himself before it. He now marked the precise hour, and
lichted a brazier of charcoal before him. He continued to
note down the series of sensations he then experienced in
succession, detailing the approach and rapid progress of deli-
rium, until, as time went on, the writing became larger and
larger, more and more confused, and at length illegible, and
the writer fell dead upon the floor.

In many trades the workmen are habitually exposed to the
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fames of burning charcoal: bookbinders, engravers, cooks, &e.,
guffer much in health from this cause; and itis rare to find
that any means are taken to ventilate the places in which they
work, The use of gas is, however, in many cases super-
seding that of charcoal, and the change is most desirable.

In addition to the brazier, the ancient Romans were ac-
quainted with flues for warming rooms and buildings; but
as these were costly contrivances, their use was confined to
the wealthy, These flues, forming what was called the Aypo-
caustunt, were conducted below the floor of the room intended
to be warmed. The hypocausts were of two kinds—the first,
constructed with flues running under the floor, and heated
from a fire-place on the outside of the building; and the
second kind formed like a low chamber, having its ceiling
supported by small pillars or by dwarf walls, and sometimes
with flues, leading from them to other apartments. The
hypocaust discovered at Lincoln, of which Figures 7 and 8 are
a ground plan and a section, will explain this construction.

[

Figs. T and 8, —~Ground plan and section of ancient hypocaunst at Lincoln,

This hypocaust was 24} feet long and 9% feet wide; it
contained four rows of brick pillars, @ a, ce¢, two of which
were square and two circular. The square pillars, @ a, were
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8 inches on the side and about 9 inches apart; the circular
ones, ¢ ¢, were 11 inches in diameter. Each pillar rested on
a brick or tile for its base, and another tile formed its capital ;
thus uking its height, which was that of the heating
chamber, about 26 inches, The ceiling of the hypocaust
was formed of large bricks; on them were placed courses of
tiles, bedded in mortar, and on them a layer of stucco, to form
the floor of the room z to be heated ; the entire thickness of
the floor being about 10 inches. The fire-hearth was at ¢ ;
and the flame and smoke passed through the arched cavity or
throat of the furnace finto the hypocaust. Two flues, m n,
opened into the hypocaust; the flue m, which probably con-
ducted the smoke and hot air under some other apartment,
was about 6 inches high and 14 inches inside; its bottom was
raised about 2 inches above the floor of the hypocaust. The
flue n was about 6 inches square, and placed as much under
as above the floor of the hypocaust; this seems to have been
a smoke flue. The position given to these flues was probably
intended to retain at all times the hottest portion of the vapour
in contact with the ceiling of the hypocaust. The floor of the
prefurnium was 18 inches under the level of the floor of the
hypocaust. The large space provided for the combustion of
the fuel, and the entrance of air, was necessary for conveying
a heated current through the flues, as the Romans were unac-
quainted with the method of procuring a draught by the use
of a chimney. Some approach, however, appears to have
been made towards the invention of a chimney, for Vitru-
vius, in describing the construction of the hypocaust for heat-
ing the calidarium or sweating-room of a bath, directs that
the floor be made inclining, so that a ball placed on any
part of it would roll towards the fire-place, by which means
the heat would be more equally diffused in the sweating-
chamber.

The hypocaust is well known to the Chinese, and is in
common use about Pekin, where the winter climate is severe.
The houses of the better class are built with double walls and
with hollow flues extending beneath the floors. The fire-
place is constructed either against the exterior wall of the
apartment to be heated, or in an inferior room adjoining ; by
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which means the annoyance from dust and smolke are avoided,
as well as the inconvenience of servants entering the room to
attend to the fire. From the fire chamber proceeds a main
flue, which is connected with the horizontal flue, a b, (Fig. 9).
From this another flue, ¢ d, proceeds at right angles to about
three fourths of the extent of the room ; these flues are per-
forated with holes at proper distances, in order to give out
the smoke and heated air equally

= mg oo =| over the whole area of the floor-
i ing. Two horizontal flues are

‘} G = i B Bl puilt in or attached to the side
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| o :_&H—}gr, walls, as at ¢, in order to carry
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| off the smoke into the external

air, The flooring of the apart-
ment consists of flat tiles or

Fig. 9.—Chinese hypocaust.  flagstones, neatly embedded in
cement, so as to prevent the escape of the smoke or heated
air from the flues beneath into the room; these stones or
paving tiles, resting on blocks of stone or bricks, may be of
any thickness required for the extent of the air flues which
are employed. By this contrivance, the heat, coming in con-
tact with every part of the floor, is uniformly diffused over
the apartment. The floors, also, being very imperfect con-
dnctors of heat, being once sufficiently heated by the flues,
and the apertures of the main flues outside being stopped,
retain a sufficient heat for domestic comfort during many
hours. The paving tiles of the rooms are often made of
ornamental porcelain ware of considerable thickness. Iven
the benches and sleeping places are warmed by this contriv-
ance. These are built hollow, with bricks, in the form of a
square bench, or oblong bed; and communicating with the
flues, or having their own separate flue, are thus heated.
Those who dislike lying on the hot bricks, or on the felt mat
that is spread over them, sugpend from the ceiling over the
heated bench a kind of hammock, made of coarse cloth; and
thus they enjoy warmth and repose. In the morning, the
bed places are covered with carpets and mats, on which the
inmates sit. '

The ingenious economy of the Chinese (from which we
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might often borrow a useful lesson) prevents the flues from
becoming choked by soot. Instead of employing pit coal of
cood quality, they make use of the inferior or small refuse
coal for this purpose, and mix it with a compost of clay,
earth, cow-dung, or any refuse vegetable matter; and then
form 1t into balls, which are dried in the sun or open air,
This method 1s not adopted on account of any scarcity of
fuel, for coal is abundant in China; but the Chinese, unlike
the English, know how to take care of it. They find that
their fire-balls, during combustion, give out very little smoke ;
and they are extensively manufactured in the coal districts,
and distributed by canal carriage over a large portion of the
empire.

In the inferior class of houses, instead of having the fire
outside the house or room to be heated, it is built in
the corner of the dwelling room. A pit is dug for the
body of the fire chamber and draught-hole; and the top,
or head of the stove, is used for the different operations of
cooking.

That no portion of heat may be lost, or escape into the
room directly from the fire, beyond what is necessary to main-
tain a given temperature, vessels of water are placed on the
head of the stove, and thus the heat, which would otherwise
be lost, is absorbed and economised; while it affords, by its
evaporation, the necessary supply of moisture to preserve
the atmosphere of the room in a healthy condition as to
moisture.

The Chinese call a stove which is heated by a furnace, a
kang ; the ti-kang is a furnace of which the flue runs under
the floor or pavement of a room; and the kao-kang is that
used for heating benches and beds. "There is yet a third
variety, the tong-kang, which is formed in the wall, and this
differs from the #i-kang only in being perpendicular instead
of horizontal. In the tong-kang, the heating flue is carried
along the floor, with openings from it, at which the heated
air and smoke ascend into the spaces of a hollow wall, thus
nearly approaching the principle of the chimney. A tong-kang
was evected by Sir William Chambers, in 1761, for heating
the orangery at Kew Palace. In imitation of the Chinese
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method, he introduced heated air throngh an air pipe or flue
in contact with the heating flues. In Fig. 10, the flue from
the furnace is shown at a, the tong-kang flues at c,
and the hot air flue at e.

It is scarcely possible to improve upon these re-
finements of the Chinese, except by the introduction
| of the chimney, the origin of which has been the sub-
ject of much learned discussion. Among drawings of
— | Saxon dwellings we look in vain for that necessary
% feature of the house. “ The Saxon thegne built his
L hall from the woods on his demesne, by the labour of

— his bondmen : it was thatched with reeds or straw, or
roofed with shingle. In plan it waslittle more than

Fig. 10. its name implied, a capacious apartment, which in the
daytime was adapted to the patriarchal hospitality of the owner,
and formed at night a sort of stable for his servants, to whose
accommodation their master's was not much superior in a
small adjoining chamber. There was as yet but a slight
perception of the decencies of life. The fire was kindled in
the centre of the hall; the smoke made its way out through
an opening in the roof immediately above the hearth or by
the door, windows, or eaves of the thatch., The lord and
his * hearth-men,” a significant appellation given to the most
familiar retainers, sat by the same fire at which their repast
was cooked, and at night retired to share the same dormitory,
which served also for a council chamber,” * During the wars
of that early period, the traces of Roman occupation, so far
as dwellings were concerned, seem to have gradually dis-
appeared, but there is every reason to believe that there
were no chimneys in ancient Roman houses. And if the
Roman houses in Britain were unprovided with chimneys,
the Saxon dwellings were not likely to be supplied with them;
indeed, all the descriptions tally with that already given of
the rude hall, with its central hearth. Above this hearth, on
the roof, was a turret or louver, filled with boards, which par-
tially excluded wind and rain, and allowed the smoke to
escape. This turret was often a great improvement to the

1] |

i

* «Some Account of Domestic Architecture in England from the Conquest
to the end of the thirteenth century.” By T. Hudson Turner, 8vo., Oxford, 1551,

b
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external appearance of the building, The windows of this
ball were placed high, and filled with oiled linen or Zouver
boards. The heavy doors were opened by latches, and the
walls were either rough, or coarsely painted, or hung with
arras, which was suspended from hooks at the distance of
three or four inches from the walls. The floor was of stone
or earth, with a raised platform at one end, where were placed
the massive table and benches,

The houses of small landholders and farmers were generally
one story high, and if of two stories, the roof was so deep
as to shut out the light from the upper rooms. The hall
and kitchen formed one apartment, which was open to the
timbers of the roof, and, in some cases, was furnished with
a louver and a window, that could be closed with a shutter.
When these houses had a separate sleeping apartment, old
and young occupied it, and several reposed in one bed.
Servants slept on the kitchen floor. Cottages had neither
louver nor loupe, and the inmates slept round the fire.

The strongholds which were built about the time of the
Conquest were several stories in height, and their roofs being
used as a terrace for defence, the central hearth and Zlouwver
were impracticable. The necessity of providing some exit
for the smoke seems to have stimulated invention, and, ac-
cordingly, we find the germs of the modern fire-place and
chimney in one of these strongholds. In the great guard-
room of Conisborough Castle, erected in or near the Anglo-
Saxon period, is a large fire-hearth, The mantel is supported
by a wide arch, with two transom stones running under it;
the back of the fire-place, where it joins the hearth, is in a
line with the walls of the room, and the recess at the mantel
is formed by the back of the fire-place sloping outwards, as it
rises into the thickness of the wall, until it reaches a loop-
hole on the outside, where the smoke finds an exit. Tig. 11
is an elevation and section of this fire-place, in which A 1s
the floor of the room, E the mantel, and ¢ the loop-hole.

In other castles erected about the same period, the hearth
was formed in the thickness of the wall, and the conical smole-
tunnel ended in a loop-hole, as at Conisborough Castle. Fig.12
ia another elevation and section of these ancient contrivances
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for carrying off the smoke, Tt is from Rochester Castle. In
the old palace at Caen, which was inhabited by the Conqueror
while he was Duke of Normandy, the great guard-chamber
contains two spacious recessed fire-hearths in the north wall,
still in good preservation, from which the smoke was carried
away in the same manner as in the above examples.

The transition from these contrivances to the common
chimney would seem to be easy; but :
history has failed to record the in- |
ventor, or to define the place where
the chimney was first used. It has
been well remarked by Mr. Hudson
‘Turner, that in seeking to ascertain
the degree of antiquity which should
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be assigned to the chimney, facts are often strangely con-
tradictory of the statements of respectable writers. E;{isting
remains prove that perpendicular flues were constructed in
this country in the twelfth century, yet Leland, in the six-
teenth century, speaks with surprise of a chimney in Bolton
Castle. 'We can only suppose that the principle of the modern
chimney was understood long before the practice of con-
structing it became general.* Chimneys seem to have been
common at Venice before the middle of the fourteenth cen-
tury. An inseription over the gate of the school of Santa
Maria della Carita states, that in 1347, a great many chim-
neys were thrown down by an earthquake, a fact which is

# « Domestic Architecture,” pp. 17, 18,
B 2
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pﬂnﬁrmed by John Villani, who refers the event to the even-
ing of the 25th of January. Chimneys had also been in use

Fig. 12. Fire-place in Rochester Castle.

at Padua before 1368, for in that year Galeazo Gataro relates,
that Francisco da Carraro, lord of Padua, came to Rome, and
finding no chimneys in the inn where he lodged (because at
that time fire was kindled in a hole in the middle of the floor),
caused two chimneys, like those that had been long used in
Padua, to be constructed by the work-people he had brought
with him. Over these chimneys, the first ever seen in Rome,
he affixed his arms, which were remaining in the time of
Gataro. Winwall House, in Norfolk (which has been de-
scribed as the most ancient and perfect specimen of Norman
domestie architecture in the kingdom), has not only recessed
hearths, but flues rising from them, carried up in the external
and internal walls. Now, if Winwall House really be an
Anglo-Norman edifice, its chimneys must have been built
in the twelfth century, and, consequently, the claim of the
Italians to the invention cannot be supported. The chimneys
at Kenilworth and Conway were also probably erected anterior
to the date of those on which the Italians rest their claim.
Leland, also, in his account of Bolton Castle, which he says
was “ finiched or Kynge Richard the 2 dyed,” notices the
chimneys. “ One thynge I muche notyd in the hawle of
Bolton, how chimeneys were conveyed by tunnells made on
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the syds of the walls betwyxt the lights in the hawle, and by
this means, and by no covers, is the smoke of the harthe in
the hawle wonder strangely conveyed.” Even when some
form of chimney was adopted, it sometimes happened that
only one of the private apartments was so provided, namely,
the chamber next the hall on the upper story. The
chimney-piece varied little from the twelfth to the fifteenth
century. We have seen that the fire-place at Rochester
Castle has a semicircular arech with zigzag ornaments, and
that at Conisborough shafts and jambs, and what is called a
straight arch, that is, the mantel-piece, is of several stones
joggled together. The chimney was not always carried
up to the top of the wall, the vent for the smoke being
sometimes merely pierced through the wall. At the same
period, namely, the twelfth century, the kitchen seems to have
had an open roof, cooking being performed at an iron grate
in the middle of the apartment.

Wooden lattices and shutters continued in use in the thir-
teenth century, although linen and glass were also partially
used. Church windows were occasionally covered in with
canvas, as is proved by the fabric accounts of Westminster
Abbey, and other churches. Fire-placesdiffered little, except in
being of lighter construction. Flues were ordinarily eylindrical
shafts of masonry carried above the ridge of the roof. Orders
to raise the chimneys of the king’s houses are frequent in the
time of Henry I1I. The mantels of such fire-places were some-
times elaborately carved or painted, with such designs as the
twelve months of the year, the figure of Winter with sad visage
and contorted body, &e. One flue sometimes carried off the
smoke from two fire-places. But flues were not always used
even in royal apartments; hearths of stone in the centre of
the room, and louver roofs, were still employed. Fire-places and
flues were, however, sometimes made of plaster, so that they
may have existed in buildings which preserve no trace ol
them.

In the fourteenth century the hearth in the middle of the
hall still existed as a general custom. Iuge logs were piled
on andirons, and the smoke escaped through the Zouver.
“This custom had its advantages. The heat was greater and
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more generally diffused, which in a room of such size was of
importance, while the smoke from wood or charcoal, when
well ignited, is not considerable. Many louvers remain in
halls of the fifteenth century. There are also frequent ex-
amples of fire-places and chimneys in the fourteenth eentury,
even in the hall, though they are more usual in the smaller
apartments.” ¥

It 18 not our duty to trace the further history of the chim-
ney, nor to notice the methods by which the chimney shaft
became so prominent and beautiful a feature in buildings
during the reigns of the Tudors. It is sufficient to remark,
that when once introduced in England, the merits of chimneys
were soon appreciated, for we find it stated, that in the reign
of Queen Elizabeth, apologies were made to visitors if they
could not be accommodated with rooms provided with chim-
neys, and ladies were frequently sent out to other houses,
where they could have the enjoyment of this luxury, for such
it must be called, at this period, when the poorer class of
houses was not yet furnished with it.

Wood was the ordinary fuel till the seventeenth century,
and this was burnt on the capacious hearth, the logs being

confined within the two standards (Fig. 13) of the andiron,§
their ends resting on the billet bar, for the purpose of admitting

* & Domestic Architecture,” vol. ii. pp. 39, 40. ‘ :
t Probably a corruption of the Anglo-Saxon drand-isen or brand-iron.
Some say it was hand or end iron.
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the air below them, and thus promoting combustion. For
the large kitchen fire, the standards and billet bars were very
gtrong and massive, but usually quite plain. In the hall,
that ancient seat of hospitality, they were also strong and
massive, to support the weight of the huge logs; but the
standards were kept bright, or ornamented with brass rings,
knobs, rosettes, heads and feet of animals, and various gro-
tesque forms. In kitchens, and in the rooms of common
houses, the andiron, as its name implies, was of iron; but in
the hall the standards were of copper or brass, and sometimes
of silver. The spacious receptacle was furnished with seats
on each side of the hearth, and the snug chimney corner was
the post of honour. When the whole family assembled to
enjoy a leisure hour, it was round the hearth that they sat;
with it was associated their ideas of domestic comfort and
conviviality, and the word hearth became synonymous with
home. In some of our rural districts the custom is still re-
tained of the whole family sitting under the capacious chim-
ney-breast, and it is an honoured custom which we hope may
long continue to exist.

In smaller rooms, where the fire was made in a wide and
deep recess, each standard was fixed into the back of the
hearth by a lateral bar. Thus in Fig. 14, which represents
the andirons in the hall at Vicar's Close, Wells, will be
geen the standards, the billet bar, and the reredos or back
of the fire-place, which in deep recesses brings the fire into
the room. When the hearth was of moderate size, the and-
iron, as well as the reredos,* was movable.|

So long as wood existed in abundance coal was not sought
after for the purposes of domestic fuel. It was supposed that
the fumes of coal had a peculiarly corrupting effect upon the
air, and were most injurious to health, Its value, however,
was appreciated by brewers, dyers, smiths, and others, whose
occupations lead to the consumption of a large quantity of

* Also called rere-dorse, Hollinshed says—* Now haue we manie chimnies,
and yet our tenderlings complaine of rheumes, eatarhs, and poses, Then had
we none but rere-dosses, and our heads did never ake.”

T On the mantel-shelf is a scroll, bearing an inseription, which solicits tha

prayers of the vicars in favour of Sir Richard Pomroy, and expresses solici-
tude for the safety of his soul.
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fuel, and towards the close of the thirteenth century coal was
imported into London from Newecastle for the use of those
trades. In 1306, however, parliament petitioned the king to
prohibit the use of the noxious fuel in the city. A royal
proclamation was accordingly issued prohibiting the use of
coal, and as this failed in its effect, a commission was issued

g7
Fig. 14. Fire-place in the hall at Vicar’s Close, Wells.

for the purpose of ascertaining who burned sea-coal within the
city and its neighbourhood, and to punish them by fine for the
first offence, and by the demolition of their furnaces if they
persisted ; but even these severe proceedings failed to put
down the nuisance. A law was therefore passed making the
burning of sea-coal within the city a capital offence, and per-
mitting its use only in the forges of the neighbourhood. In
the reign of the first Edward a man was tried, convieted, and
executed, for burning sea-coal in London.* Even in districts

* Sir Gilbert Blane, in his “Select Dissertations on several subjects of

Medical Seience” (London, 1822), relates this circumstance in a note, p. L‘i."i:;
on the authority of “the late Mr. Astle, keeper of the records in the Tower:
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where coal abounded, it was not used as a domestic fuel ; for
we read thatin 1349, in the religious house at Whalley, peat,
with a very little wood, was the only fuel used.

So deeply rooted was the prejudice against coal, that it was
not until the commencement of the seventeenth century that
its use became more general. Ladies had an idea that a coal
fire injured their complexions, and they would not even enter
a house or room where the obnoxious fuel was used ;* nor
would they even partake of meat which had been roasted at
a coal fire. When Ben Jonson had to entertain a party of
guests at his house, he warmed his room with a charcoal fire;
but, on ordinary occasions, he used coal; for we find that, on
more than one occasion, his flue canght fire from an aceumnu-
lation of soot.

In an inventory, dated 1603, of the goods of Sir Thomas
Kytson, at Hengrave Hall, in Suffolk, mention is made of “ a
cradell of iron for the chimnye to burne sea-cole with,” and
also “] fier sholve made like a grate to seft the sea-cole with.”
The cradle here mentioned was probably nothing more than a
few bars bent into a semicircle, and fastened into the upright
wall over the hearth.

There was, doubtless, good reason for the objections of our
ancestors to the use of sea-coal, for the chimney fire-places
were usually made in the form of a large square recess, and
the breast of the chimney was of the same size as the recess
itself. In order to rid sea-coal of its ncxious sulphurous
vapour, Sir John Hacket and Octavius de Strada proposed,
in 1626, to convert the coal into coke, and thus make it as
agreeable a fuel for chambers as wood and charcoal. A
among which “he had discovered a document importing that a person had

been tried, convicted, and executed, for burning coal within the city in the
reign of Edward I.”

* This prejudice existed among French ladies until recently, when seareity

of wood fuel has somewhat mitigated it. It is related that an ambassador at
’aris had issued cards for a large assembly, when, on the appointed evening,
no ladies appeared, but gentlemen only—a report having been circulated that
his lordship’s rooms were heated by means of coal fires.

Another prejudice on the part of the French is, that our island is constantly
enveloped in the smoke of our coal fires, so that we never see the blue sky.,
I was rambling one fine afternoon on the French coast, when, getting into
conversation with a Frenchman, he looked towards England, then at the blue
sky, and remarked, with a look of inquiring pity, “ 7L ne fait jamais beau
comme cela en Angleterre7”

E 3
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patent was obtained for the purpose, but the speculation did
not succeed, as the vapour given off by the coke was found
to be nearly as unpleasant as that from coal.

About this time a great improvement was made in France
in fire-places by Louis Savot (born 1579; died 1640), a
licentiate in the Faculty of Medicine at Paris. He was
early impressed with the maxim of Vitruvius, that it is quite
necessary for an architect to have some acquaintance with
medicine, and he saw no reason why a physician should
not have some knowledge of architecture. Accordingly he
studied architecture from a sanitary point of view; and in
1624 published a work on the subject, and which, as will
be seen by the note below,* passed through several editions.
Savot pointed out the means for curing that domestic plague
—a smoky chimney; and, like a true physician, set about
investigating the causes of the disease. He saw the evils of
large chimneys, and the necessity for a due supply of air
to the fire. The fire should be proportioned to the size of
the chimney, and wvice versd, and smoke may often be pre-
vented by lowering the mantel. “ In small rooms,” he
says, “the chimney often smokes unless the door or window
be open, not only because the fire devours and carries off a
large quantity of the air of the room, but also because the
fire requires a continual supply of air for its support; so that,
if a proportional quantity of air which the fire consumes and
sends up the chimney does not enter the room (which it
cannot do in small rooms with a large fire), the fire lan-
guishes, and the smoke increases, since flame is nothing more
than a kindled smoke, and smoke is only an extinguished
flame, or, at least, not yet kindled.” Ie also points out how
the chimney may be too long for the fire, or how one large
chimney may draw upon another smaller one ; and he recom-
mends that the flue be smooth on the inside, to diminish
friction. To improve the draught of the fire he raised the
hearth about 4 inches, and lowered the mantel so as to make
the opening of the fire-place about 3 feet high. The width

* & ) Architecture Frangoise des Bastimens particuliers.” Composée pat
M. Louis Savot, 1624. There were also editions in 1642, 1673, and 1685,
this last augmentde de Ji. Blondel.
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between the jambs was redficed to 3 feet; the jambs from
the mantel were to be carried up sloping to the waist, or
where the flue begins to be of uniform width, and the open-
ing of the fire-place was formed like an arch. DBut, where
the fire-place could not be conveniently altered, Savot per-
forated with small holes a plate of iron, the width and length
of which were nearly equal to the hearth; and this was fixed
3 inches above the tiles of the common hearth, On this
perforated plate he placed a gl de fer of the same length as
the billets to be burned, and raised 9 inches above the plate;
the wood was placed on the grate, the charcoal on the per-
forated plate, and the hearth received the ashes; the air,
rising through the small holes, made the charcoal burn briskly,
and this so much assisted the burning of the wood, that a
rapid draught up the chimney was established, and smolke
prevented.

In Savot's description of the fire-place used to heat the
Cabinet des Livres, at the Louvre, we have the first recorded

o -—:Z-“-— o

TR
Fig. 15. Savot's Fire-place in the Louvre, Fig. 16.

attempt at combining the cheerfulness of an open fire with

the economy of an enclosed stove. Fig. 15 is a front view,
and Fig. 16 a vertical section of this ingenious contrivance,
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The hearth was a thick iron plate placed above the old
hearth, with an interval, n, of 3 inches between them. The
two sides, or covings of the fire-place, were also formed of
thick iron plates, placed 3 inches from the jambs. The space,
n, at the back, and the spaces at the sides, communicated
with the space, n, under the hearth ; two pipes, or channels,
¢, communicating with these hollow spaces, opened into the
room at ¢, as shown by the dotted line in the section ; these
gpaces could be closed at pleasure. When the fire was burn-
ing, the iron hearth, and the plates which formed the sides
or covings, and the back, became very hot, The cold air at
the floor, entering by the openings at a, into the space, n, was
heated by the hearth, and rising into the spaces at the back
and sides, bhad its temperature further increased; it then
entered the channels, ¢, and escaped at ¢, thus diffusing an
agreeable warmth over the whole room.

About the year 1658, the project for burning coke, instead
of coal, was revived by Sir John Winter, who invented an
improved fire-place for the purpose. The cradle, or fire-cage,
was placed on a box about 11 inches high, in the front of
which was an opening, o (Fig. 17), fitted with a door, which

was always kept closed, except when

i

the as

M into the side of the box, com-
/ municated with the external air, at a
- level of 2 or 3 feet below the bottom
. Dbars of the fire-cage; this pipe could
be closed at pleasure by a valve. When
the coke or charked (i.c., charred) coal
in the fire-cage did not burn well, the
valve was opened, and the air from the
outside rushed in a strong current into
the box, and, by its powerful blast,

ki .soon roused up the fire ; the valve was
Fig.17. Winter's Fire-place. then closed, and all communication with
the external air was thus cut off. The flue was closed with
an iron plate or register,* that moved on a hinge. It had an

* Savot’s book is the first in which we have seen the register plate men-
tioned, He states, on the authority of Scammozzi, that it was customary in

hes were removed. A pipe, a.fn-M
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opening, ¢, 8 inches square, for carrying the smoke into the
chimney, and this was found large enough for a fire-place of
any dimensions. This ingenious contrivance does not seem
to have succeeded, although both it and the arrangement
described by Savot have, with slight variations, been brought
forward several times within the last three-quarters of a cen-
tury, and patented as notable inventions.

In 1678, Prince Rupert invented a fire-place, so contrived
that the dranght took a downward direction before entering
the flue, as shown in Fig. 18, in which
a x is a wall built at a distance of 10
inches from the back of the hearth
recess, and carried up to the mantel,
where it is terminated by the wall x,
thus completely closing all communi-
cation between the flue and the room.
An opening, a, is made in this wall,
10 inches high, and of the same width
as the length of the grate, and its sill
15 2 inches above the top rib of the
grate. Fixed within the chimney is
a plate of irom, 7, placed perpendicu-
larly, so as to divide it into two equal
.parts. To the upper edge of this plate
is hinged an iron door, ¢, as long as
the chimney is wide, and this door
can be brought into the position ¢, or
into that indicated by the dotted lines at . The fuel grate
stands on the hearth, and is placed nearly in a line with the
wall of the room. At the back of the ash-pit is a brick that
closes the aperture through which the soot is removed. When
the fire is first lighted, the smoke door, ¢, is pushed back, and

Fig. 13. Prince Rupert's
Fire-place.

England, when a bLrazier full of fuel was well lighted, and had ceased to
smoke, to pass an iron plate (poife de fer legere) across the ehimney, and so
confine the heat to the room. This plate appears to be the same as the
damper, but the term register is much older, In the furnaces of the alchemist,
openings left for the supply of air, which could be contracted or closed by
means of clay, were named registers. Thus, Ben Jonson says :(—

“ Look well to the register,
And let your heat still lessen by degrees.”
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when the draught is once established, this door is drawn
forward, and the smoke being thus prevented from flowing
upwards, reverberates downwards, and passes the lower edge
of the division plate, 7, and rises between it and the back of
the hearth into the chimney flue. In boisterous weather, or
with such a fire-place, in an upper room, where the chimney
is short, another iron door, #, is hung under the edge of the
mantel, in front of the fire-place, and extending the whole
width of the opening, Its breadth varies according to cir-
cumstances, but it is made so as to reach within 2 inches of
the upper bar of the fire-grate, when hanging in the posi-
tion shown by the dotted lines ats. This converts the fire
into a furnace, and the room will, in such case, be * warmer
than it would be with a fire four times the size made in a
common cradell.” When the smoke flows regularly through
the aperture, a, this door is thrown back out of use, as at .
In some cases, the ordinary fire-board or fire-cloth was used
instead of this door.

“The fire-cloth,” says Mr. Bernan,* “ was a common ap-
pendage to a fire-place, particularly where wood was burned,
for then the flue was large, the hearth wide and low, and the
mantel high; when the chimney smoked in certain winds
only, the cloth was suspended, when wanted, from each corner
of the mantel-piece. But when the disease was unremitting,
the curtain was fixed by rings, running on a rod that went
across the fire-place; when not used, it was drawn to one
side, like the eurtain of a cottage window; very often the
fire-cloth was contrived to be drawn up like a modern Venetian
blind, and made so deep as to reach from the mantel to the
hearth, and serve the office of a fire-board, when there was
no fire in the yawning chimney. The first variety of smolke-
cloth was seldom more than 15 inches deep, and was fre-
quently made of painted leather; but in good houses, the
suspended fire-cloths were usually of damask and tapestry.
None of these contrivances are yet extinet.”

In 1680, a stove was exhibited at the fair of St. Germains,
near Paris, in which the smoke not only descended, but was

* « History and Art of Warming and Ventilating Rooms and Buildings,”
2 vols., 1845,
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also consumed. It is formed of hammered iron, and stands
on the floor of the room. The fuel, wood, or coal, is contained
in a vase, ¢ (Fig. 19), with a grating at o, and this vase Is

Fig. 19, Smoke-consuming Stove,

placed on a box or cylinder, a, from which a pipe, 7, is carried
into a flue, which has no communication with the hearth re-
cess, nor with the air, except at the top, above the roof. The
vase being filled with fuel, some dry brushwood is placed upon
it. The upper part of the pipe, 7, is then heated by a lamp,
or hot iron, in order to establish a current of air from the
cylinder, o, which current passes down through the fuel in
the vase. A piece of lighted paper is then placed on the
brushwood, and the downward current carries the flame down-
wards, first igniting the wood, and then the coals, and con-
suming the smoke in descending. The products of combustion
thus carried into the cylinder, a, rise throngh the pipe, 7, into
the chimney., The descending current may be made evident
by holding a flame over the vase, when it will be drawn down-
wards,  Justel, who deseribed this arrangement to the Royal
Society in 1681, says, that * the most feetid things, matters
which stink abominably when taken out of the fire, in this
engine make no ill scent, neither do red herrings broiled
thereon. On the other hand, all perfumes are lost, and in-
cense makes no smell at all when burned therein.” An
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improved edition of this stove was made by Dr. Frauklin, as
will be noticed further on. '

An economical method of heating two rooms by one
are 1s described by Savot. A plate of iron is made to sepa-
rate the fire-places of the two adjacent
rooms. A fire made on the hearth, a,
(Fig. 20), heats the plate, n, and this, in its
turn, by its radiation, warms the air in the
adjacent room, e, as effectually as a stove
would do, provided its flue, 7, is properly
closed. Or if the second room have no
chimney, it may still be warmed by making
— an opening in the wall, at the back of the

Fig. 20, fire-place, and closing it with an iron plate.
When Dr. Franklin was in Paris, he saw an example of this
contrivance, and estimated it highly.

In all these carly contrivances there is much ingenuity, and
we bring them forward thus prominently, because they are
really the legitimate ancestors of many reputed modern in-
ventions, whose authors are either ignorant of, or have
failed to acknowledge, their descent therefrom. Patentees
would often be spared much anxiety and expense, if they
would condescend to study the subject to which their inven-
tion refers, before they introduce to the public a contrivance
which may have been aswell, if not better, done a long time
before. Discoveries in science and inventions in the useful
arts, require genius often of a high order; and although it
is not expected that all inventors should have the genius of
Watt, it is at least required that they should possess some of
his method of patient research.

But there is one writer, whose inventions have especially
served as the type of many a modern fire-place, and at the
time of their introduction in 1713, showed a great and sudden
advance in the art of warming apartments. It has been gaid,
with what authority will be seen in the Appendix, that the
anthor of the treatise referred to was no less a man than the
Cardinal Polignae, who, under the assumed name of Gauger,
published a treatise, entitled “ La Mechanique du Feu, ou
UArt d'en augmenter les effets et d'en diminuer la dépense,
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contenant le Traité de Nouwvelles Cheminées qui echavfent plus
que les Cheminées ordinaives, et qui me sont point siujeties 0]
fumer.” 'This treatise was reprinted at Amsterdam in 1714,
and a translation of it, by Dr. Desaguliers (from which we
are about to quote), was published in London in 1716.

In the preface the author has some sensible observations on
the subject of warming and ventilation. After remarking
that persons who judge of the value of machines by their
complication, will not find his inventions to their taste, he
bestows a compliment on those who estimate ““ such devices
from the simplicity of their construction, and the facility of
their execution,” and then proceeds thus: “ A plate of iron
or copper bowed or bended after such a manner as is not at
all disagreeable to the sight ; a void behind, divided by certain
small iron bands or partition plates, forming several spaces
that have a communication one with another; a little vent
hole in the middle of the hearth, aregister plate in the upper
part of the funnel; and for some shafts, a capital on the top,
make up the whole construction and workmanship of our
modern chimney. Now, can there be anything more simple
or plain, or more easy to execute ?"”

“To be able to kindle a fire speedily, and make it, if you
please, flame continually, whatever wood is burning, without
the use of bellows ; to give heat to a spacious room, and even
to another adjoining, with a little fire ; to warm one’s self at
the same time on all sides, be the weather ever so cold, with-
out scorching ; to breathe a pure air always fresh, and to such
a degree of warmth as is thought fit; to be never annoyed
with smoke in one’s apartment, nor have any moisture therein;
to quench by one’s self, and in an instant, any fire that may
catch in the tunnel of a chimney ; all these are but a few of
the effects and properties of these wonderful machines, not-
withstanding their apparent simplicity. Since I used this sort
of chimney, I have not been troubled one moment with
smoke, in a lodging which it rendered before untenable as
soon as a fire was lighted ; I have always inhaled, even during
the sharpest seasons, a fresh air like that of the spring. In

| 1709, water that froze hard everywhere else very near the
hearth, did not congeal at night in my chamber, though the
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fire was put out before midnight; and all that was brought
thither in the day soon thawed ; neither did I ever perceive
the least moisture in winter, not even during thaws.”

The treatise opens with the following remark : “ It seems
that those who have hitherto built or caused chimneysto be
erected, have only taken care to contrive in the chambers
certain places where wood may be burnt, without making a
due reflection that the wood in burning ought to warm those
chambers, and the persons who are in them; at least, it is
certain that but a very little heat is felt of the fire made in
the ordinary chimneys, and that they might be ordered so as
to send forth a great deal more, only by changing the dispo-
sition of their jambs and wings.” The methods by which a
fire may communicate its heating effect to a room, are cor-
rectly stated to be by radiation, by reflection, and by condue-
tion. Now, as radiant heat is reflected according to the same
law as light, Z.c., the angle of incidence is equal to the angle
of reflection, it follows that, in a fire-place with straight
jambs very few of the rays are reflected into the room. Thus,

suppose a fire, £ (Fig. 21),

D S S B . :
Gfr DK to be made in an ordinary
| Ep— L F ¥ 1 2 L
- By chimney, A B, b a, of which
- i e T the jambs, o B, @ b, are pa-

=" =N rallel, the ray of heat, f @,

Tt Mo A= will be reflected back in »;

s the ray f m upon itself in f;
Fig. 21. the ray f1 in ~; and the

ray fLin r; and this is the only ray that can be reflected
into the chamber, the others being to the back, or up the
chimney, or among the fuel, and contribute in no way to the
useful heating effect of the fire. In cases, however, where
the jambs are formed of plaster, there is not even this reflec-
tion, for the heat, falling upon the dull surface, is absorbed.
The author then deseribes what ought to be the correct form
of the jambs : “ Geeometricians,” he says, * are sengible that
all radiuses which set out from the focus of a parabola and
fall upon its sides, are reflected back parallel to its axis. If,
therefore, you take on the bottom of a chimney hearth, A ,
b a (Fig. 22), a length, ¢ ¢, equal to that of the wood designed
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to be burnt, for example, of half a log or billet, which, at
Paris, is 22 inches; from the points ¢ ¢, let fall the perpen-
dicular ¢ o, ¢ d, which may
be the axis of two semi-para-
bolas, whereof ¢ ¢ are the
vertices and A a(the distance
between whichis the breadth
of the chimuney), each of |
them one of their points; P
that done, you are to line Fig. 22.

with iron or copper plates the two parabolical sides, A ¢, ac,
of the chimney, and make the lower part of the concave
parallel to the horizon, and as large as it can be, only leaving
10 or 12 inches for the aperture of the chimney funnel. By
this arrangement as much of the heat as can be will be
reflected, for all the rays of heat from the focus v f of
each semi-parabola, as f'g, £, f1, f 1, &e., will be reflected
back parallel to the axis ¢d in m, n, o, p, and consequently,
pass into the room. So also, all those rays, E n 1, which are
not reflected back parallel to the axis, will nevertheless be
reflected into the chamber or very nearly so. Besides this,
the jambs being so much nearer the fire than is usual, will
soon become heated, and reflect a large number of rays.”

All draughts in the room towards the fire were avoided, by
introducing a soufflet, or blower, already described in Savot's
and Winter's stoves (Figs. 15 and 17). Its opening was
situated at z (Fig. 22), in the centre of the hearth, 10 or 12
inches below the plate on which the fuel was burned, and
communicated with the open air by a channel from 4 to 6
inches square. The opening in the hearth was furnished
with a metal frame, on which was hinged a trap door, or
valve, opening upwards ; the upper surface of this valve wag
furnished with a button, which could be grasped with the
tongs, and a small bolt beneath counld then be drawn back, or
closed with the button with which it was connected. The
sides of the valve were formed by two thin sectors of iron,
which guided the current of air through the channel, and
confined it within narrow limits, Two springs in the frame
pressed against the sector sides, and kept the valve open at
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any desired angle; of course, when the valve was shut and
bolted there was no current,

Several varieties of Gauger’s fire-place are deseribed
in this treatise, all of which are furnished with parabolic
jambs and the soufilet ; but the back, the jambs, the hearth,
and the mantel, were also made hollow, for the purpose

P
e~

el o

Fig. 23.

of pouring a copious sup-
ply of heated air into the
apartment. These hollow
spaces, named caliducts
or meanders, are in one
arrangement (Fig. 23)
formed by perpendicular
divisions. In another va-
riety (Fig. 24) they are
horizontal, In thisvariety

the hearth is also hollowed out, and divided into a series of
square spaces. The cold air entering at a, follows the direc-

tion of the arrows, and
escapes into the room at «;
c is the hearth, m the smoke
flue, and d s 7 the ealiducts.

The supply of hot air
into the room was regu-
lated by a valve in the air-
channel, formed on the
principle of Papin’s four-
way cock. A small cylin-

af

Fig. 24.

der, = (Fig. 25), moved within another cylinder, which was
fixed. The revolving cylinder had two apertures, o o, and the
fixed cylinder three apertures, n #,

The axis of the revolving cylinder
passed through the cover of the
fixed cylinder, and had a small lever
or needle attached to it, by means
of which the eylinder was turned
by the hand into certain positions
marked on a small dial. When the

apertures, o o, in the revolving cylinder coincided with those
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in the fixed eylinder, & n, the external air from the channel was
admitted into the caliducts in the chimney back: by turning
the revolving cylinder into another position, the cold air was
excluded from the caliducts, and admitted directly into the
apartments.

The cylinder could also be placed so as to shut off the cold
air both from the caliducts and from the room. In this way
the air of the room could be tempered according to the wants
and feelings of the occupants.

The arrangement to which the inventor gave his decided
preference is represented in the following figures, IMig. 26

L

-‘-‘-"-_‘_-‘_ C

Fig. 26.

represents a horizontal section of the fire-place, and Fig, 27
a vertical section. The hollow metal case forming the back
of the chimney is divided into three or more caliducts, p ¢ 7,
each 4 inches wide and 6% inches broad, placed about an inch
from the back wall of the hearth recess, with its lower edge,
m, about 2 inches above the surface of the iron bottom plate
or hearth, «. The jambs, w, lined with iron or brass plates,
are formed in a parabolic curve, and solid at the back. The
channel, #, conducting the external air into the caliduects, is
) inches on the side; and the blower, e, furnished with its
valve, forms an aperture 3 inches long and 21 inches wide,
but instead of being supplied with air from the outside by a
separate channel, the air is derived from the channel, z. The
air valve, x, is placed at the junction of the cold air channel,
with the caliducts; and the aperture, z through which the
warmed air enters the room, is fitted with a sliding valve, to
close the warm air aperture.
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The action of this apparatus is simple. The small wood on
the hearth being lighted, and the valye of the soufflet, c, lifted
up, the logs soon begin to kindle into a good fire; the smoke
and flame rise into the space
between the back, p ¢, and the
wall of the hearth, and, after
heating the iron back of the

_ caliducts, escape into the flue,
In the meantime, the other
[T, S—— . face towards the room is also
""""" ~ quickly heated by the flame
: and smoke. The valve, o, being
adjusted to admit the external
air into the first caliduct, it
flows thence into the second
and third ecaliducts, receiving
_. fresh accessions of heat in its
_______ S|~ progress, until it escapes at z,
i Y | into the apartment, which it
i # speedily warms.

- / PFnr };arge apartments, these
Y fire-places may be erected in
i the middle of the room, and
two may be set back to back,
with one series of caliduets for both, so that the air will be
heated, whether the fire be kindled in one or both, When
kindled in both, the heating effect will, of course, be greatly
increased. So, also, two adjoining rooms may be heated by
one fire, provided the hearth recesses are placed back to
back ; for, by making a fire in one room, the heated air from
the caliducts may be discharged into the other; or by carrying
a pipe from the caliducts thrm}gh the wall into an adjoining
room, or through the ceiling into an upper room, an agree-

able and a sufficient warmth may be distributed.

All subsequent writers of repute lmv_c acl{n.nw]-:dged the
great merits of Gauger’s treatise. Franklin admitted :'.llE oreat
assistance it had afforded him ; and some of the improve-
ments in stoves go successfully introduced b}z Cl::u.nt Humﬁ}rd
are similar in principle to those suggested in this book, It

Fig. 27.
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will be obvious how very superior is this fire-place to those
on the common construction, from the following remarks by
Mr. Bernan :—* The external air, in passing through the
caliducts, being raised to a temperate heat, and spreading it-
self throughout the chamber, a person in the coldest weather
is surrounded with warm air, and heated, without going near
the fire, on all sides at once ; while, from the construction of
the hearth, he enjoys the radiant heat in greater perfection
than in the common chimneys. The large body of air, con-
stantly flowing into the room from the caliducts, prevents all
chink winds or dangerous disease-bringing currents ; and as
there is as much impure air withdrawn as there is fresh
warm air admitted, an unceasing salutary ventilation goes
on, from the time the fire is lighted until it is extinguished ;
30 that a person may always remain in a room thus warmed,
and breathe as pure an air as if he were in the fields.”

The Gauger fire-places were constructed for the combus-
tion of wood fuel. Dr. Desaguliers modified them so as to
admit of coal being burnt, and, in conjunction with an archi-
tect, manufactured them, and erected a considerable number
in London. For a time the comforts and convenience, as
well as economy of these fire-places, were appreciated, and
they were rising rapidly into favour; but, unfortunately, an
outery was raised against them by Mr. Hauksbee and some
other scientific opponents of Dr. Desaguliers, who declared
that these fire-places “ burnt the air, and that burnt air was
fatal to animal life.” This was a death blow to the Doctor's
new fire-places, and many years afterwards, when referring
to the subject, he mournfully remarks :—* As I took so much
pains and care, and was at some expense to make this manage-
ment of air useful, I can’t help complaining of those who
endeavoured to defeat me in it.”

In 1745, Dr. Franklin introduced a fire-place, which he
named the Pennsylvanian, in which Prince Rupert's de-
scending flue was ingeniously combined with Gauger's cali-
ducts. This invention was described in a pamphlet written
and printed by Franklin himself. The following is a copy
of the title-page:— “An Account of the new-invented
Pennsylvanian Iire-places; wherein their construction and
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manner of operation is particularly explained ; their advan-
tages above every other method of warming rooms demon-
strated ; and all objections that have been raised against the
use of them answered and obviated. With directions for
putting them up, and for using them to the best advantage.
And a copper-plate in which the several parts of the
machine are exactly laid down from a scale of equal parts.
Philadelphia : printed and sold by B. Franklin, 1744.”

The following is from Franklin’s Autobiography :—
“ Having, in 1742, invented an open stove for the better
warming of rooms, and at the same time saving fuel, as the
fresh air admitted was warmed in entering, I made a pre-
sent of the model to Mr. Robert Grace, one of my early
friends, who, having an iron furnace, found the casting of
the plates for these stoves a profitable thing, as they were
growing in demand. To promote that demand I wrote and
published a pamphlet, entitled, * An Account of the new-
invented Pennsylvanian Fire-places, &e.” This pamphlet
had a good effect. Governor Thomas was so pleased with
the construction of this stove, as described in it, that he
offered to give me a patent for the sole vending of them for
a term of years; but I declined it from a principle, which
has ever weighed with me on such occasions, viz.,, That, as we
enjoy great advantage from the inventions of others, we should
be glad of an opportunity to serve others by any invention of
ours ; and this we should do freely and generously.

“ An ironmonger in London, however, assuming a good
deal of my pamphlet, and working it up into his own, and
making some small changes in the machine, which rather
hurt its operation, got a patent for it there, and made, as I
was told, a little fortune by it. And this is not the only in-
stance of patents taken out of my inventions by others,
though not always with the same success, which I never
contested, as having no desire of profiting by patents my-
self, and hating disputes. The use of these fire-places
in very many houses, both here in Pennsylvania, and the
neighbouring states, has been and is a great saving of wood

to the inhabitants.” _
The following is a description of the Pennsylvanian stove
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from Franklin’s pamphlet:—*“w, Ifig. 28, is the mantel-piece
or breast of the chimney, ¢ the funnel, B the false back and
closing, & the true back of the chimney, T top of the fire-
place, r the front, A the place where the fire is made, o the
air-box, K the hole in the side plate through which the
warmed air is discharged out of the air-box into the room—
u the hollow filled with fresh air, entering from without at the
passage, 1, and ascending
into the air-box through
the air-hole in the bottom
plate near @, the partition
in the hollow to keep the
air and smoke apart; p the
passage under the false
~ back and part of the hearth
for the smoke. The ar-
rows show the course of the
smoke. The fire being
made at A, the flame and
smoke will ascend and strike
the top, T, which will there-
by receive a considerable
heat. The smoke finding
no passage upwards, turns
over the top of the air-box,
and descends betweenitand
the back plate to the holes Fig. 28. “Profile of the Pennsylvania
in the bottom phlte, heat- Chimney and Fire-place.”

Ing, as it passes, both plates of the air-box, and the said
back plate ; the front plate, bottom and side plates, are also
all heated at the same time. The smoke proceeds in the
passage that leads it under and behind the false back, and
80 rises into the chimney. The air of the room, warmed
behind the back plate, and by the sides, front, and top
plates, becoming specifically lighter than the other airin the
room, is obliged to rise; but the closure over the fire-place
hindering it from going up the chimney, it is forced out into
the room, rises by the mantel-picce to the ceiling, and spreads
- all over the top of the room, whenee being erowded down

¥
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gradually by the stream of newly warmed air that follows
and rises above it, the whole room becomes in a short time
equally warmed. At the same time the air warmed under
the bottom plate and in the air-box rises and comes out
of the holes in the side plates, very swiftly, if the door of
the room be shut, and joins its current with the stream
before mentioned, rising from the side, back, and top plates,
The air that enters the room through the air-box is fresh,
though warm ; and, computing the swiftness of its motion
with the areas of the holes, it is found that near ten barrels
of fresh air are hourly introduced by the air-box; and by
this means the air in the room is continually changed and
kept at the same time sweet and warm, It is to be observed
that the entering air will not be warmed at first lighting
the fire, but heats gradually as the fire increases, A square
opening for a trap-door should be left in the closing of the
chimney, for the sweeper to go up ; the door may be made of
slate or tin, and commonly kept close shut, but so placed as
that, turning up against the back of the chimney when open,
it closes the vacancy behind the false back and shoots the
soot, that falls in sweeping, out upon the hearth, This trap-
door is a very convenient thing. In rooms where there is
much smoking of tobacco, it is also convenient to have a small
hole, about & or 6 inches square, cut near the ceiling through
into the funnel; this hole must have a shutter, by which
it may be closed or opened at pleasure. When open there
will be a strong draught of air through it into the chimney,
which will presently carry off a cloud of smoke, and keep the
room clear; if the room be too hot likewise, it will carry off as
much of the warm air as you please, and then you may stop
it entirely or in part, as you think fit. By this means it is that
the tobacco smoke does not descend among the heads of the
company near the fire, as it must do before it can get into
common chimneys.”

The Pennsylvanian fire-place was constructed for burning
wood, but in 1753 Mr. Durno adapted it for the burning of
coals, and sent one of his stoves to London as a model. The
fuel box was 15 inches wide, 54 inches deep, from the grating
to the top bar, 5} inches from front to back. This kept a
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room, 14 feet square, at a temperature of between 60° and
64° during 13 hours, with the consumption of only one peck
of coals, at a time when the external temperature was 287 or
4° below freezing.

A simple, but highly ingenious grate, in which the burn-
ing fuel is made to consume its own smoke, was also one
of the many original contrivances of Franklin. It consists
of a circular fire-cage (Fig. 29), about
a foot in diameter, and from 6 to 8
inches wide from front to back : the
back is of plate iron, and the front filled |
with bars, of which the three middle
are fixed, and the top and bottom mov-
able, and either one may be drawn out
for the purpose of filling the grate with
fuel. The fire-cage turns upon axes,
supported by a crotchet, fixed on a stem,
which revolves upon a pivot fixed to
the hearth, The fire is lighted by with-
drawing the upper bar and then placing wood and coals in
the cage, as in a common grate; the bar is then replaced. So
also in adding fresh fuel, the upper bar is removed and then
replaced. When the grate is first lighted a quantity of thick
smoke is emitted by the fuel; but as soon as it begins to
burn well, the cage is turned round on its axes, so that the
burning coals at the bottom shall oceupy a position at the
top. The whole is then turned round on the pivot, o as to
bring the bars again in front ; by this arrangement the fresh
coals below the lighted fuel will gradually ignite, and their
smoke, having to pass through the fire above them, will be
entirely consumed. In this way the combustion is perfeet,
or nearly so, and this economy of fuel is accompanied by a
much greater heating effect ; little or no soot is deposited,
for all the combustible matter of the fuel is converted into
heat. Ior want of some such contrivance, a very consider-
able portion of our fuel is wasted by our open fires under the
best management. Soot is very inflammable, and a pound
of it gives as much heat as a pound of coal ; and the quantity

of soot which lines our chimneys is very inconsiderable, com-
F 2

Fig. 20.
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pared with that which escapes unconsumed at the chimney
top, and fills the neighbourhood with blacks, and, returning
into our houses through the open windows, makes the furni-
ture dirty, or, entering our lungs, offers an impediment to
free respiration. Another advantage of the revolving grate
i, that it may be turned into any position, so as to radiate
its heat in one direction rather than another, and, by placing
the bars in a horizontal position, a teakettle, or other cooking
utensil, may be set on it.

We cannot part with Franklin without some notice of the
services rendered by him in the cure of smoky chimneys.
But first as to the chimmey itself. We have seen that the
invention of chimneys was not a scientific result, but an act
of necessity. The first objeet proposed to be accomplished
by them was to discharge into the air the products of com-
bustion, instead of allowing them to spread over the apart-
ment, With the huge wood fires of our ancestors, the large
hearth recess and the capacious flue did not interfere with
the accomplishment of the object proposed; but as circum-
stances changed—when fire-places were introduced into
small rooms, and coal was substituted for wood—the arrange-
ments which were not altogether ill-suited to the baronial
hall or kitchen did not apply. Science was unable, or did
not condescend, to investigate the subject, and thus the
defects of chimneys continued to exist through many gene-
rations, One great defect arose from the great capacity of
the flue in proportion to the extent of the fire, the heat of
which was often insufficient to determine an upward current
for carrying off the smoke. Itis now a matter of everyday
experience, that the force of the draught in a chimney is so
much the greater as the column of air which passes up it 1s
longer or more heated, or, in other words, the taller the
chimney, or the hotter the fire, the more rapid will be the
dranght. The ascentional force of this current is the differ-
ence between the weight of the column of heated air in ihe
chimney, and a column of the surrounding atmosphere of
equal height, Air and gases expand almost equally and very
nearly in proportion to the increase of temperature. Irom
32°, the freczing point, to 212° the boiling point, of water,
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they increase in bulk more than one-third, 1,000 pints at
82° becoming 1,366 at 212°. This is §3ths of the volume
at 32°, or about 1 for each degree of Fahr. Now, sup-
pose when a chimney is drawing, the temperature of the
ascending air in the average of its length is 25° above that
of the outer air, which we may suppose is at 41°. The ex-
pansion of air for each degree is x}gth of its bulk at 41°, so
that the column of air in the chimney will be dilated %sths,
or z'gth. A column of such heated air in the chimney, 21
feet high, would balance a column of only 20 feet in height
at the temperature of the outer air, and the ascentional force
of the heated air (or draught of the chimney) would be that
due to the difference in weight between the 21 feet of heated
air and the 21 feet of colder air, and this would be equal to
the pressure of a column of the colder air 1 foot in height.
It is obvious from this that the draught is increased by
increasing the perpendicular height of the chimney. Its
length in a horizontal direction does not increase, but dimin-
ishes the draught, by cooling the air before it gets into the
effective part of the flue. The draught is also increased by
making all the air which enters the chimney pass through or
very near the fuel ; for when much air gets into the chimney
above the fire, by having a high mantelpiece, the mass of
air in the chimney cannot get sufficiently heated. The shape
and structure of the chimney may also assist or retard the
draught. The chimney should be as small as possible ; only
Just sufficient to discharge the smoke and assist the ventila-
tion of the apartment. The circular form is preferable to the
square, on account of the resistance being equal on the in-
ternal surface, and double currents are less easily established.
According to Peclet,* the horizontal section of the circular
chimney-shaft of an ordinary apartment need not be more
than 15 to 20 centimetres in diameter (6 or 8 inches), or an
area of from 3 to 4 square decimetres (12 to 16 square inches),
but it will be remembered that these estimates are for wood
fires. Where coal is used they must be somewhat extended.

¥ “ Traité de la Chaleur considerde dans ses applications” 2nd Ed. 1860.
The reader interested in the subject in a technological point of view should

mﬂﬁtﬂﬁl' i, book 3, *“On Chimneys ” (Des Cheminées), from page
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In the cure of smoky chimneys there are practical diffi-
culties and special cases which usually come under the patho-
logical treatment of the smoke-doctor; these may all be
resolved by reference to well-known scientific principles, but,
unfortunately, the smoke-doctor is not always, indeed very
seldom, a man of science. The following cases of smoky
chimneys and the method of cure, will include as much as
need be said on this subject to the intelligent reader.*

The most prolific canse of smoky chimneys is the want of
a sufficient supply of air to the fire. This is sometimes the
case in a new house, where doors and windows fit tightly
and accurately, so that scarcely a chink is left for the admis-
sion of air. Or if the house be not new, the windows and
doors are often listed, sandbags are placed over the junction
of the two window-frames, and a thick mat closes the bottom
of the door, and even the key-hole is often stopped. It
is no wonder that, under such circumstances, the chimney
should smoke ; for the air necessary to support the fire must
come down the chimney (the only way left for it) instead of
passing through the fire and up it. Dr. Franklin's method ol
ascertaining, in a rough way, how much air is required per
minute to make the fire burn well without smoking, is to set
the door open until the fire burns properly, then gradually
to close it until smoke again begins to appear: next open
it a little wider, and hold it in such a position as will admit
the necessary supply. Now observe the width of the open
crevice between the edge of the door, and the rabbet into
which it would shut. Snppose this distance to be half an
inch in a door 8 feet high; the room would, in such case,
require for the entrance of the air an aperture equal to 48
square inches, or a hole 6 inches by 8 inches. This, how-
ever, would be more than is usnally required. Dr. Franklin
found that a square opening of 6 inches to the side was a
good medium size for most chimneys. But now comes the

# The following references to Dr. Franklin are to a pamphlet “ On the
Causes and Cure of Smoky Chimneys,” dated © At sea, 28th August, 1785.”
It is in the form of a letter addressed “ To John Ingenhousz, at 1'-"!{.'!1.[[:[.” It
first appeared in the Transactions of the American Philosophical Society. It
was read October 21, 1785, and afterwards published as a separate pamphlet

in England and America.
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difficulty (at least in English houses, where no air-duct is
provided by the architect and builder, as in the Gauger ﬁre.-
place), where to make this opening. If made in the door, it
would not only interfere with the privacy of the room, but
admit a cold draught to the back and feet of those sitting
near the fire ; if made in the window, it would bring a cata-
ract of cold air down upon the heads of the inmates.

It has been proposed to cut a crevice in the upper part of
the window-frame, and to place below this a thin shelf, slop-
ing upwards, in order to direct the air towards the ceiling,
where, mingling with the heated air of the apartment, it
would miticate its temperature, and bring it down again to
feed the fire. The objection to this plan is, that it condenses
the products of respiration and combunstion, and causes these
aerial poisons to be breathed over again. An old-fashioned
contrivance for kitchens was to place in one of the spaces
of the window-frame a circular tin plate, containing a wheel
mouunted on an axis, the radii or vanes being bent obliquely ;
these, being acted on by the entering air, forced it round like
the vanes of a windmill, and at the same time dispersed the
air to a certain extent, and prevented a distinet draught from
being felt. Another method was to take out a pane of glass,
and substitute a tin frame, giving it two springing angular
sides ; and being furnished with hinges below, it could be
drawn in more or less above, so that the incoming air might
be directed upwards, and regulated as to quantity. A some-
what similar contrivance has been introduced for ventilating
rooms, but when there is a fire in the room, it must serve the
purpose of introducing air instead of letting it out. It con-
sists of a number of strips of plate glass, arranged after the
fashion of a Venetian blind, occupying the position of one of
the panes of glass in the upper window-frame. By a little
adjusting motion, the strips can be separated more or less
apart, to regulate the supply of air, or closed entirely, so as
to exclude it. Perforated panes of glass have also been intro-
duced as ventilators, but they must also bring air into the
room instead of letting it out, when a fire is burning, The best
plan of all is the air-duct, described in Gauger's fire-places.

A second cause of smoky chimneys arises from the size of
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the fire-place ; it may be too wide or too high. Dr. Franklin
recommended that the openings in the lower rooms should be
about 30 inches square and 18 deep; and those in the upper
rooms only 18 inches square and not quite so deep ; the in-
termediate openings diminishing in proportion to the height
of the funnel.

But the funnel itself may be too high compared with the
size of the fire. The hot air, ascending to a certain height,
may distribute its heat to the airin the upper part of the flue,
o that the whole may cool down, and the column within the
flue be nearly of the same weight as an equal column on the
outside, In such a case, there will be little or no draught to
carry off the smoke, and it will, therefore, enter the room.

But it more frequently happens that the funnel is too short,
The remedy in such case is to contract the opening of the
chimney, so as to make all the air that enters pass through or
very near the fire.

In some houses, instead of having a separate chimney for
each room or fire-place, the flue is bent or turned from an
upper room into the flue of another fire from below. In such
a case, the upper chimney is too short, since the length can
only be estimated from the place where it enters the flue of
the lower room ; and this, in its turn, is also shortened in
efficient length by the distance between the entrance at the
second funnel and the top of the stack ; for all that part being
supplied with air from the second funmnel, adds no force to
the draught ; and if there is no fire in the second chimney,
it cools the hot current of the first, and so diminishes the
draught. The remedy in this case is to close the opening of
that chimney in which there is no fire.

Chimneys often overpower each other, and so produce smoke
in the room. If, for example, there are two fire-places in one
large room, with fires in each, and the doors and windows
closed ; if the two fires do not burn equally well, either from:
not being lighted at the same time, or not equally supplied
with fuel, or from any other cause, the stronger fire will
overpower the weaker, and draw the air down its funnel to
supply its own demand, bringing the smoke with it. Two
chimneys in different rooms, which communicate by a door,
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may also act in this way whenever the door is opened; so,
also, in a house where all the doors and windows fit tightly, a
strong kitchen chimney on the lowest floor may overpower
any other chimney in the house, and draw air and smoke into
the rooms as often as a door communicating with the stair-
case is opened. Dr. Franklin mentions the case of a noble-
man’s house in Westminster afflicted with this troublesome
complaint. It was a new house, and after the owner had
paid for it, and discharged all claims, he had to expend £300
more before the smoky chimneys were cured. Of course,
the only remedy for this disorder is, to provide each room
with the means of farnishing the fire-place with a sufficient
supply of air for the combustion of the fuel. When will
architects and builders be convinced of the fact, that fire-
places, as well as human beings, require constant supplies of
fresh air, and that it is their duty to provide every room with
air channels, placed so as to feed the fire without annoying
the inmates ?

Another fruitful source of smoky chimneys is, when their
tops are commanded by higher buildings, or by a hill, so that
the wind blowing over them, falls like water over a dam,
sometimes almost passing over the tops of the chimneys, and
beating down the smoke. If the funnels cannot be raised, so
that their tops may be of the same height or higher than the
eminence, the only remedy is to mount one of those ugly con-
trivances with which the chimney-doctors delight to satirise
the architect and builder, and which are thus enumerated
in an amusing article in Chambers's Ldinburgh Journal :—
“The simplest of all consists in the well-known revolving
bonnets or cowls, with wind-arrows on their summits ; which,
by the way, were once called * Bishops’ in Secotland, while
a friend assures me, that in the west of England he has
heard them styled ¢ Presbyterians.” The philosophy of this
contrivance is sufficiently simple—in whichever direction the
wind blows, the mouth of the chimneyis averted from it.
This principle has its development in a thousand devices—
some looking like Dutch ovens come up to see the world,
some like half sections of sugar-loaves, some like capital I's,

and sundry other pleasing objects. The red chimney-pots,
P
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too, have contrivances of a similar intention, in the diverging
spouts and cavities and twists which some of them delight in.
A different species is the perforated whirling variety, which
seem perpetually whizzing round for the mere fun of the
thing, since any good they do is extremely apt to escape
detection. They are alively-looking apparatus ; but on squally
nights, and when the pivot becomes a little rusty, the musical
sounds they give forth can scarcely be considered agreeable,
Among the more ingenious of smoke-curers, an invention of
recent origin, named the ¢ Archimedean serew wventilator’
deserves a place. It consists, as its name implies, of wind-
vanes attached to the extremity of a revolving screw. When
the wind strikes these vanes, it produces a rapid revolution
of the serew, which is thus supposed to wind up the smoke or
vitiated air from below. Perhaps it serves the proposedend;
but whether the positive advantage thus gained is not lost
by the obstruction of such apparatus to the free passage of
smoke in calm weather, is a point in my estimation more
than questionable. I'or the relief of such chimneys as only
smoke in windy weather, perhaps this and other forms of
external apparatus are best adapted. Another invention of
equal merit is a chimney-cap of metal externally grooved in
a series of spiral curves up the pipe, which end in a kind of
mouth-piece, from whence the smoke issues. The wind, when
impelled against this apparatus, is supposed to take some-
what of the direction of the spiral grooves, and thus to form
an upward current to assist the emission of the smoke.” One
of the most recent of this class of inventions is * Day’s wind-
guard,” which consists of an octagonal metallic chimney-cap,
having four slits in it, which are protected by projecting
pieces or slips of metal. 'When a current of air strikes in
any direction against the cap, it reflects or turns the air in
such a manner as immediately to produce a draught up the
pipe. “In casting one’s eye down the long streets of the
smoky city, in taking a survey of the roofs and their tor-
mented chimneys, the infinity of other contrivances is so great,
that it is scarcely a poetical hyperbole to say our pen starts
back from it, Here is patent upon patent, scheme after
scheme, each doing its best, no doubt, to obtain the mastery
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over that simple thing—smoke ; and each with a degree of
guccess of a very hopeless amount. There appears to me
something intensely ludicrous in these struggles against what
seems to be an absurd, but an invineible foe ; the very element
of whose success against us lies in our not strangling him in
his birth. Many obstacles are in the way, no doubt; there
arc obstacles in the way of every good; but I bave little
doubt, that had the perverted ingenuity which has misspent
itself upon the chimney-pots been directed to the fire-
place, we might have now had a different tale to tell. The
smoke nuisance is laughed at as a minor evil, by a great
practical people like ourselves, who heroically make up our
minds to put up with it; but when it is considered as an item
in the comfort, cleanliness, and health of a whole nation, 1t
assumes, or should assume, a different position.”

We do not by any means affirm that cowls and similar con-
trivances are always effectual in the cure of smoky chimneys ;
for it is easy to imagine cases where chimneys will, or rather
must smoke, in spite of the whole host of caps, cowls, and
vanes. Forexample, when a commanding eminence is farther
from the wind than the chimney commanded, the wind would,
as it were, be dammed up between the house and the emi-
nence, and force its way down the chimneys in whatever
position the turn-cap or other contrivance might be situated.
Dr. Franklin mentions a city in which many houses were
tormented with smoky chimneys by this operation, for their
kitchens being built behind, and connected by a passage with
the houses, the tops of the kitchen chimneys were thus lower
than the tops of the houses, and thus, when the wind blew
against the backs of the houses, the whole side of a street formed
a dam, and the obstructed wind was forced down the kitchen
chimneys, and passed along the passages into the houses, and
80 into the street. This was especially the case when the kitchen
fires were burning badly. Insummer, the annoyance assumed
a different form, for the smoke was wafted from the kitchen
chimneys into the chambers of the upper rooms.

Chimneys, which otherwise draw well, will often smoke from
the improper situation of a door. Thus when the door and
the chimney are on the same side of the room, and the door



108 CASES OF SMOKY CHIMNEYS.

being in the corner, is made to open against the wall, as is
usually done, to have it more out of the way, it follows that,
when the door is partially opened, a current of air rushes in
and passes along the wall into and across the opening of the
fire-place, and whisks the smoke into the room., This happens
more frequently when the door is being shut, for then the foree
of the current is increased, and persons sitting near the fire
feel all the inconvenience both of the draught and of the smoke,
A remedy may be fonnd by an intervening sereen, projecting
from the wall and passing round a great part of the fire-place ;
or still better, by shifting the hinges of the door, so as to throw
the air along the other wall,

A room with no fire in it is sometimes filled with smoke
from the funnel of another room, in which a fire is burning,
This arises from changes in density of the air in the cold
funnel, from changes in temperature by day and by night, as
well as from changes in the direction of the wind. It is found
that when the temperature of the outer air and of that in the
funnels is nearly equal, the air begins to ascend the funnels as
the cool of the evening comes on, and this current will con-
tinue till nine or ten o’clock next morning ; then, as the heat
of the day approaches, it sets downward, and continues to do
go till evening; it then changes again, and continues to go
upwards during the night. Now, when the smoke from the
tops of neighbouring funnels passes over the tops of funnels
which are drawing downwards, the smoke is also drawn down,
and descends with the air into the chamber. The remedy
proposed by Dr. Franklin was, to contract the opening of the
chimney to about 2 feet between the jambs, and to bring the
breast down to about 3 feet of the hearth. An iron frame is
then placed just under the breast, and extending to the back
of the chimney, so that a plate of iron may slide horizontally
backwards and forwards in the grooves on each side of the
frame ; this plate, when thrust quite in, fills up the whole
space, and shuts up the chimney entirely when there is no
fire. Dut when there is a fire, it can be drawn out, so as to
leave between its farther edge and the back a space of about
2 inches, which is sufficient for the smoke to pass; and so
large a part of the funnel being stopped by the rest of the
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plate, the passage of warm air out of the room up the c}w.imney
is in great measure prevented, as is also the cold air from
crevices to supply its place. The effect is seen in three
ways:—1. When the fire burns briskly in cold weather, the
howling or whisking of the wind, as it enters the room
through the crevices when the chimney is open, ceases as
soon as the plate is slid in to its proper distance. 2. Opening
the door of the room about half an inch, and holding the hand
azainst the opening near the top of the door, you feel the cold
air coming in against your hand, but weakly if the plate be in.
Let another person draw it out, so as to let the air of the room
go up the chimney with its usual freedom in open chimneys,
and you immediately feel the cold air rushing in strongly.
3. If something be set against the door, just sufficient when
the plate is in to keep the door nearly shut, by resisting the
pressure of the air that would force it open, then, when the
plate is drawn out, the door will be forced open by the
increased pressure of the outward cold air endeavouring to
get in, to supply the place of the warm air that now passes
out of the room to go up the chimney. “In our common
open chimneys,” says the Doctor, * half of the fuel is wasted,
and its effect lost; the air it has warmed being immediately
drawn off.”

The form of the chimney-pot has also an influence on the
free passage of the smoke. Many of those fancy chimney-
pots ornamented, singly or clustered together, will cause the
chimneys to smoke in strong winds; the ornaments serving
as points of resistance to the wind, after reflecting it down the
chimney ; and the clustered arrangement presenting a broad
resisting surface, so that the wind, in blowing against them,
rises up along the surface, and blows strongly over the mouthe
of the pots, so that the smoke cannot force its way through the
blast. In Venice the top of the flue is rounded into the true
form of a funnel, and this is often found to answer the purpose;
but, at present, we do not know of any remedy except a turn-
cap, or one of the many inelegant contrivances, already re-
ferred to, which give such wonderful variety to the sky line
of most of our houges and public buildings,

Cases of smoky chimneys may arise, which may puzzle
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the science of the most accomplished smoke-doctor. We
borrow two such from Franklin. “T once lodged,” he says,
“In a house in London, which, in a little room, had a single
chimney and funnel. The opening was very small, yet it did
not keep in the smoke, and all attempts to have a fire in this
room were fruitless. I could not imagine the reason ; till at
length, observing that the chamber over it, which had no fire-
place in it, was always filled with smoke when a fire was
kindled below, and that the smoke came throngh the cracks
and crevices of the wainscot, I had the wainscot taken down,
and discovered that the funnel which went up behind it had
a crack many feet in length, and wide enough to admit my
arm ; a breach very dangerous with regard to fire, and occa-
sioned, probably, by an apparent irregular settling of one side
of the house. The air entering this breach freely, destroyed
the drawing force of the funnel. The remedy would have
been, filling up the breach, or rather rebuilding the funnel;
but the landlord rather chose to stop up the chimney.”

The second case occurred at the house of a friend near
London. ¢ His best room had a chimney, in which he told
me he never could have a fire, for all the smoke came out into
the room. I flattered myself I could easily find the cause, and
prescribe the cure. I opened the door, and perceived it was
not want of air. I made a temporary contraction of the
opening of the chimney, and found that it was not its being
too large that caused the smoke to issue. I went and looked
up at the top of the chimney; its funnel was joined in the
same stack with others, some of them shorter, that drew very
well, and I saw nothing to prevent its doing the same. In
fine, after every other examination I could think of, I was
obliged to own the insufficiency of my skill. But my friend,
who made no pretension to such kind of knowledge, afterwards
discovered the cause himself. He got to the top of the funnel
by aladder, and looking down, found it filled with twigs and
straw cemented by earth, and lined with feathers. It seems,
the house, after being built, had stood empty some years before
he occupied it; and he concluded that some large birds had
taken the advantage of its retired situation to make their nests
there. The rubbish, considerable in quantity, being removed,
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and the funnel cleared, the chimney drew well, and gave
satisfaction.”

It has been remarked, that chimneys situated in the north
wall of a house do not draw so well as those in a south wall,
because when cooled by north winds, they are apt to draw
downwards. Hence, chimneys enclosed in the body of a house
are more favourably situated than those in exposed walls.
Chimneys in stacks often draw better than separate funnels,
becanse those that have constant fires in them warm those in
which there are none.

We have been tempted by Dr. Franklin’s amusing letter
to enlarge somewhat on the subject of smoky chimneys, for-
getting that the history of the Englishman’s palladium, the
open fire-place, is by no means complete. 1t is astonishing
how little impression Dr. Franklin’s labours in the art of
warming rooms seem to have made, for when towards the
end of the century a more influential, if not more zealous,
labourer in the same department appeared, he found abun-
dant defects to cure, waste of fuel to remedy, and much dis-
comfort to get rid of,

Count Rumford may be considered, in many respects, as a
public benefactor. It is scarcely possible to overestimate the
amount of good effected by means of his homely inventions
and familiar Essays. He was equally at home in improving
a chimney fire-place or a coffee-pot, a private bath or a
public kitchen ; he showed equal zeal in investigaling the
laws of heat and the condition of the poor; and even now,
after a lapse of seventy years, we find his Essays * wvery
pleasant reading. Dut the Essay that most concerns us here
is the fourth, “ Of Chimney Fire-places, with proposals for
improving them, to save fuel; to render dwelling-houses
more comfortable and salubrious, and effectually to prevent
chimneys from smoking.” Iissay XI. i3 entitled, “Supple-
mentary of Chimney Fire-places.” Issay VI. is also “ On
the Management, Offices, and the Economy of Fuel.” The
fire-places which Count Rumford proposed to improve were
large square cavities with the back of equal width with the

¥ “Essays, Political, Economical, and Philosophical.” By Benjamin,
Count of Rumford. 4 vols, 8vo. London, 17906—1802,
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opening in front, with the sides or covings parallel, so that
the heat from the fire could not be reflected into the room
from them, and the large open corners occasioned eddies of
wind, which frequently disturbed the fire, and prevented the
smoke from ascending, and even whirled it into the room.
The Count very properly defines the object of a chimney
fire as being simply to warm the room. He then, with naive
formality, proceeds to say that it is necessary, first of all, to
contrive matters so that the room shall be actually warmed ;
secondly, that it be warmed with the smallest expense of fuel
possible ; and thirdly, that in warming it the air of the room
be preserved perfectly pure and fit for respiration, and free
from smoke and all disagreeable smells. The quantity of
heat that goes off, combined with the smoke, vapour, and
heated air, is at least three or four times greater than that
which is radiated from the fire.* All the combined heat
escapes up the chimney, and of the radiant heat only a small
portion escapes into the room. If the smoke and combined
heat were made to pass by a winding flue into the room above,
such heat might be turned to account instead of being thrown
to waste into the atmosphere. Alluding, in another part, to
the plague of smoke, he says, “ I never view from a distance,
as I come into town, this black cloud which hangs over
London, without wishing to be able to compute the im-
mense number of chaldrons of coal of which it is composed ;
for could this be ascertained I am persuaded so striking a
fact would awaken the curiosity and excite the astonishment
of all ranks of the inhabitants, and perhaps turn their minds
to an object of economy to which they had paid hitherto
little attention.”

The Rumford stove (as it is incorrectly called) has made
the Count’s name familiar among all classes, and is so
well known, that a description is scarcely necessary. The
Count's essential improvement consisted in contracting the
area of the fire-chamber, and placing a flat surface in each
interior angle, as in the plan Ilig. 31, so as to reflect that
portion of heat into the room which in the old square

* In his Sixth Essay, Count Rumford states that not less than seven-
eighths of the heat generated is carried up the chimney and is lost.
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chambered grates escaped up the chimney. The throat
of the chimuey was also greatly reduced in size, and the
breast-work, « ([Fig. 30), rounded off, in order to afford
less obstruction to the ascent of the smoke.
When the chimney required sweeping, the
plate or flagstone, b, could be removed so
as to open the throat, and be replaced after
the operation. According to Rumford, in
order to obtain the greatest effect from the
fuel, the sides of the fire-place ought to be
placed at an angle of 135° with the back
of the grate, or, which is the same thing,
at an angle of 45° with a line drawn across
the front of the fire-place. (See Fig. 31.)
These angular covings were not to be of
iron, but of some non-conducting substance,
such as fire-clay, and polished with black-lead. He objected
to circular covings, on the ground that they produced eddies

or currents, which would be b e s
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likely to cause the chimney /=== _
to smoke ; and he also ob- 7
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jected to the old form of ;7 o _

registers or metal covers to >,
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the breast of the chimney, ]

for the same reason; and
also becanse by their sloping
upwards towards the back of the fire-place, they caused the
warm air from the room to be drawn up the chimney, and
thus interfered with the passage of the smoke. These regis-
ters are now arranged so as to be lower at the back than at
the front of the stove, but they are usually placed too high up.
If brought down lower, and placed at an angle of 45°, much
of the heat of the fire would be reflected into the rocm.
The Count also greatly diminished the gize of the fire-grate,
and considered the best proportions for the chimney recess
to be when the width of the back was equal to the depth from
front to back, and the width of the front or opening between
the jambs three times the width of the back.

Count Rumford was very enthusiastic about his fire-places,
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and he communicates his enthusiasm to his Issays. There
18, indeed, a charm about them which belongs to a man who
1s in earnest in his pursnit. He returns again and again
to the pointin hand, recapitulates, reiterates, gives directions
for laying out the work; wood engravings with separate
deseriptions;; lists of persons who have adopted his plans with
success; lists of workpeople who execute the work; and, follow-
ing the example of Dr. Franklin, he requests everybody to
observe that, as he does not intend to patent any of his inven-
tions which may be of public utility, all persons are at full liberty
to imitate them and vend them for their own emolument, and
those who wish for further information will receive gratis all
the information they can require, by applying to the author,who
will take pleasure in giving them every assistance in his power.
Count Rumford’s improvements so evidently led to a
saving of fuel and an increase of comfort that they made a
permanent impiession. His register stove has continued in
use to the present day. The principles of its construction
were laid down by Tredgold * in the following manner :—
“To determine the position of the covings, 1 H, so that they
shall be best adapted for reflecting the heat of the flame into
the room, we may consider r to be the focus of the fire, then
if p A be at an angle of 457 in respect of  E, the heat from a
portion of flame at the focus, ¥, would be reflected into the
room in a direction per-
pendicular to the line o E,
which here represents the
front of the grate, the
angle of incidence being
equal to the angle of re-
flection, which is the con-
dition required to be ful-
Fig. 52, filled. The same will be

true of a portion of flame at any other part of the fire.
Therefore, to set out the covings so that they will reflect the
heat with advantage into the room, make & the middle of
the front of the grate, and £ » half the width which is con-
venient for the opening, and make A & perpendicular, and

* ¢ Principles of Warming and Ventilating Public Buildings.” 1824,
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equal to p £; then join A p, and it is the direction in which
the coving should be placed. A greater obliquity would be
still more effective, because it would spread the rays more
into the room, but is not convenient in other respeets. The
back of the fire is usually straight; but, unless the fire be small,
it is an advantage to make the back in two parts, forming an
obtuse angle at ¢ ; in this angle the smoke collects and ascends
with less obstruction than when it is dispersed over a flat
surface. It is not necessary that the form of the fire should
be regulated by the position of the covings, because its form
does not affect the reflections; on the contrary, acute angles
should be avoided, and the fuel kept in mass as much as
possible, The form for the fire marked @ b ¢ d, in the figure, 18
drawn with the angles as acute as they ever should be made.”

Passing over numerous modifications of the register stove
as not involving any new principle, we come to the year
1815, when Mr. Cutler took out a patent for a register stove
with a chamber or magazine beneath the grate for contain-
ing sufficient fuel to last a whole day. The following descrip-
tion is from the article *Stove ” in Rees's Cyclopcedia :—* The
bottom plate of the chamber is movable, and by means of
a wheel and axle the fuel contained in the chamber can be
raised so as to bring a portion of it into the grate at the
lower part or from beneath, and thus from time to time re-
place the fuel that is consumed without the trouble of throwing
on coals. To make the fire burn, the flue must be so con-
structed as to produce a strong draught through and across
the top of the fire. Introducing the fresh coals from beneath
causes the smoke therefrom to be consumed in passing
through the superposed hot coals. Another improvement is
to reduce or extinguish the fire ; the fire is lowered into the
chamber beneath the grate, and is thus deprived of a supply
of fresh air, and is consequently soon extinguished ; moreover,
sparks cannot fly out, so that the fire may be left with safety.
By burning the smoke the full effect of the fuel is obtained ;
and were this generally practised in London the air would be
as free from smoke as in Paris, and other Continental cities ;
chimney sweeping would be unnecessary ; there would be no
danger of soot in the flue catching fire, and smoke would not
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descend from chimneys into rooms. The saving the trouble
of putting on coals ; the continnally bright and cheerful fire,
and the easy and safe means of extinguishing the fire at night,
are matters of importance; especially the last, considering how
many fires oceur in the night, doubtless occasioned by fives left
unextinguished. The machinery for raising the bottom of the
stove is simple. The chamber consists of iron plates screwed
together, with a movable bottom fitted to it. A bar is fixed
across beneath the bottom, the ends of which pass through
glits in the side plates. To the extremities of the bar are
attached the ends of two chains, which are made to wind
upon the ends of a horizontal axle which extends over the
top of the stove, so as to be out of sight in the chimney, The

- axle is turned by a crown wheel,
L1} which turns a pinion, the axis of

:
i
f i

4 |/ which appears through the iron-
< A work of the stove; in this end is a
iR square hole for receiving a winch
handle ; thus, by means of the axle
g - and chains, the bottom plate is
- raised, and fresh fuel is added to
| the lower part of the fire.”

- Cutler’s arrangement does not
seem to have met with much suc-
cess, probably on account of the
small amount of extra trouble re-
quired to feed the fire from below,
instead of the off-hand plan of throw-
ing the coals on the top. Cutler’s
plan was also wanting in simplicity.
Dr. Arnott has effected the same
object by somewhat simpler means,
in an invention which he calls “ The
Smokeless Fire-place.” This is de-
scribed by him in a work* from
which we gather the following particulars :—Fig. 33 shows
the arrangements of this fire-place. The fire-box, e fg &, con-

# ¢ (0On the Smokeless Fire-place, Chinmcg.-'-wmh:cs,_mujll other means, old
and new, of obtaining healthful Warmth and Ventilation.” By Neil Arnott,
M.D., F.R.S., &c. London, 1855. :
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taining the charge of coal for the day’s consumption, has a
movable false bottom or piston, s s, supported by a piston-rod,
m n, furnished with notches in which the cateh, ¢ v, engages so
as to support the piston at any required height. By placing the
poker in one of these notches, and resting its point on some
fixed support, it may be used as a lever of the second kind for
raising the piston, and bringing a fresh supply of fuel into the
grate. Should it be required to replenish the coal-box while
the fire is burning, as when the piston is on a level with the
bottom bar of the grate, ¢ f, a broad flat shovel or spade, of the
shape of the bottom of the grate, is pushed in over the piston,
which being let down to the bottom of the coal-box, the spade
is raised in front by its handle, when the two front bars of the
grate, yielding upwards to the pressure, expose the mouth of
the coal-box, and a new charge of coal being shot in, the
spade is withdrawn. In lighting the fire the wood is laid
on the upper surface of the fresh coal in the box, with a
thickness of 3 or 4 inches of cinder or coked coal from the
fire of the preceding day; when the wood being lighted,ignites
the cinder above, and distils some of the pitchy vapour from
the fresh coal below, and rising through the wood, flame, and
cinders, burns with a flame. When the cinder is fairly
ignited, the volatile portions of the coal, passing through the
fire, will be decomposed and resolved into invisible products
of combustion, and the fire will remain smokeless. Of course
it is not necessary to let the fire go out every day. If the
coal-box be filled once or twice a day, according to the re-
quirements of the grate, it will go on smouldering during the
hours of the night, and can be quickly brought into full
activity in the morning by raising the piston rod. It isa
point of importance that the piston shall fit accurately in the
box, to prevent the ingress of air from below, or in other
words, to limit the combustion to that part of the fire which
is visible from the room. If, however, it is required that the
fire shall give out heat during the night, a small opening is
made at the bottom of the coal-box for the admission of air,
8o that the combustion may be somewhat quickened. This
opening also admits of enlargement for the purpose of remove
ing the coal dust and ashes before lighting the fire,
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I am not able from personal experience to speak of the success
of this grate.* Ttssuccess as a smoke consumer must depend on
the proper action of the piston and ratchet bar : I have heard
of one or two cases where the piston has become fixed by a
foreign body, such as a nail in the coal, and also by the fusion
of matters in the coal: the ratchet-catch and bar may now
and then get out of order, but the chief source of failure in
this grate is the impatience which servants display on having
to raise the fire so as to feed it from below. With them, the
quickest and most natural method of feeding a fire is by dis-
charging upon it an avalanche of coals from the scuttle, I
have known even the mistress herself thus convert the smoke-
less fire-place into an eminently smoky one. Besides, it is not
certain that the so-called “ combustion of smoke ” produces so
many advantages as the public suppose. It is true that the
smoky atmosphere of London entails great labour and expense
on its inhabitants in maintaining cleanliness. Dr. Arnott states
that the cost of washing the clothes of its inhabitants is
greater by 24 million pounds sterling a year than for the same
number of familiesresident in the country, to say nothing of the
injury of such articles as carpets and curtains, female apparel,
books and paintings, decorations of walls and ceilings, and
even the stones and bricks of the houses themselves, from
the same cause. Then again, the frequent washing of hands
and face leads to an increased consumption of soap. DMany
flowering shrubs and trees either cannot live or do not thrive
in a London atmosphere. These and many similar charges
have been brought against the smoke of London, by which

* A scientific friend writes of this stove as follows :—% It is rather trouble-
some to manage, because I keep it going night and day in the winter
time ; but I find the eomfort of it to be well worth the trouble, as the room is
warm in the morning, and I have merely to work the piston up two or three
pegs, and get into bed again ; the fire then buras up of itself. In the day time
it is allowed to smoulder in the box, and is worked up a little at night. It
burns one small scuttle-full of coals in twenty-four hours in cold weather,
and when only just kept alight it has gone for forty-eight hours with one
scuttle-full, which just fills the box of the stove. It is a great acquisition
for a person with delicate lungs. The chief trouble is in filling the box while
the fire is alight. If, however, the fire is allowed to go out, and is lit again
cach day or night, there is not much trouble with it; in fact less than with
an ordinary fire-place, if we reckon the trouble of stirring and putting on
couals at intervals during the day. The keeping-alight-all-night-withouts
touching property, is what I bought it for.”
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‘s meant that portion of the fuel which has escaped combus-
tion, and is discharged from chimneys in a minutely divided
form, constituting the soot or visible smoke of a coal fire.
The combustion of smoke, in its truest sense, can only get
rid of this visible portion of the products of combustion,
which is so obvious as to offend the eye, and contaminate
the houses and their inhabitants. We cannot, however, agree
with those who imagine that by getting rid of the visible
carbon, we should greatly improve the health of the metro-
polis.  Smoke is really a complicated product ; the coal which
is burnt in an open fire resolves itself into carbonic acid and
water far greater in weight than the weight of the fuel origi-
nally burnt, together with small quantities of ammonia and
sulphurous acid, flakes of pitchy bituminous matter, soot, dust,
and ashes, Some injury is no doubt caused by inhaling the
soot ; but by passing the smoke through the fire or setting
in operation some smoke-consuming apparatus, we convert
the visible into an invisible smoke, cleaner, it is true, but
scarcely more wholesome than the murky cloud which hangs
over our city. We increase the quantity of carbonic acid, and
do not get rid of the sulphur compounds ; and it is these latter
which are so inimical to vegetable life, and prevent the growth
of that minute vegetation on the surfaces of stone buildings
which, while clothing them in picturesque tints, protects them
from the disintegrating effects of the weather. The sulphurous
acid has also a directly corrosive action on the stone itself,
on vegetation, furniture, and most objects that it comes in
contact with.

But Dr. Arnott's fire-place has other merits in addition to
that of consuming its own smoke. Under ordinary circums-
stances, the smoke of an open fire consists, not only of the purs
products of combustion, but of the air of the room, which con-
stantly streams into the open space above the fire, mingles
with the smoke, dilutes it, and sets in motion the numerous
chink draughts which render the open fire-place objectionable,
Now, the quantity of pure smoke given off by a fire is com-
paratively small, consisting asit does of the air which actually
passes through the fire to maintain the combustion, and the
consequent combination of the oxygen of such air with the
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carbon, hydrogen, &ec., of the fuel. The air which streams
into the chimney from the room above the fire is a wasteful
expenditure of the heat of the fire. To prevent this, Dr,
Arnott places over the fire a cover or hood of metal, y a b
(Fig. 33), or, which he prefers, the space over the fire is
similarly contracted by brickwork. The effect of this is
according to him, a saving of from one-third to one-half of
the fuel required to maintain the desired temperature, The
narrow part of the hood or brick channel is furnished with a
throttle valve or damper, ¢, to regulate the current of air which
passes 1nto the chimney. This valve should not be opened
more than enough to let the transparent smoke pass through.
The size of the front opening of the fire-place admits of being
contracted by means of a movable plate or blower, o p g7,
so as to be able to raise the fire into activity in a few minutes.
By the above arrangements, chink draughts from doors and
windows are diminished, and they may be stopped altogether
by making a special provision for the supply of air to the fire.
This is done by means of the channel, %/, under the floor,
leading directly from the external atmosphere to the hearth,
The air coming in contact with the hot fender becomes
tempered before it spreads into the room, while the pro-
ducts of respiration and of the combustion of lamps and
candles are got rid of by means of the balanced valve, »,*
which can be shut or left free to open by regulating the screw
at .

A skilful combination of the air-tube and ecaliducts of
Gauger’s fire-place has been made by Mr. Francis Lloyd,
and described by him in the pamphlet mentioned below.}
On considering the structure of an ordinary register stove, it
occurred to him, that a considerable portion of the hollow
space behind it might be turned to useful account, by sub-
stituting for the mere shell of cast-iron one horizontal and
two upright tubes or caliducts, and by connecting them with

# This valve will be more particularly described further on. It is a happy
adaptation of Dr. Franklin's suggestion as applied to the Pennsylvanian
fire-place, page 98, ante. I

T ¢ Practical Remarks on the Warming, Ventilation, and Humidity of
Rooms.” London, 1854.—Mr. Lloyd has also published “A Description of
Improved Hollow Bricks and Brickwork, intended to facilitate the Ventilation

of Rooms.” December, 1855.
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one beneath the hearth-plate, to form a continuous tube round
the fire, for the purpose of warming the air which passed
throngh it. The air thus warmed was next to be admitted
to the room in such a way that the inflowing current should
not incommode the occupants. The upper part of the mantel
seemed well adapted to this purpose, and supposing the upper
horizontal tube to have an opening or slitextending along the
top, and the stove being set sufficiently forward to place this
glit beyond the line of the chimney-breast, the upper mantel,
and mantel-shelf, could be formed so as to continue the pas-
sage-way from this tube, and thus the warm air would be
discharged upwards into the room at about 4 feet above
the level of the floor. The plan was adopted with success in
Mr. Lloyd’s house in town, and a second, and still more suc-
cessful, experiment was tried at his country residence.

“The dining-room of a house, a few miles from town, was
rendered scarcely habitable in consequence of the chimney
smoking. The room (which was about 16 feet square and 8
feet high) was on the ground-floor, with no basement-story
beneath. It was a few inches below the level of the garden in
front, and had a provision for the cirenlation of air beneath the
floor. The house was old, with doors and windows fitting but
indifferently. The stove was of modern make; but the fire

| invariably burnt dull, and the room was scarcely ever well
 warmed, Asthe room was required for daily use by the family,
. alterations to the old stove would have caused inconvenience ;
. & new register stove, of the ordinary dining-room kind, was

therefore selected, with a view of trying how such an one could
be fitted with air-tubes. The plan of the new stove is shown
in Fig. 34. To the cheeks and the back of the face, a «a, of the

- stove, were riveted two strips of sheet-iron, bent in the form

Fige, 34, Fig. 35. Fig. 30.

shown in I"iz. 35. The plan then appeared as in Fig, 36. Two

-side chambers or tubes, & b, being thus obtained, the back of
 the upper face of the stove was fitted with a rectangular tube,

G
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also of sheet-iron, which was connected with the two side
tubes, making uninterrupted communication between them,
The old stove was set very far back in the chimney shaft,
and was fitted with a large marble mantel, the displacement
or altering of which was on many accounts objectionable ; it
was therefore determined, in this instance, to admit the air
into the room immediately under the mantelpiece, and after-
wards to adopt means for preventing any inconvenient rush
of air in a horizontal line into the room. The area of a
section of each of the side tubes exceeded 18 inches, while
that of the horizontal tube was about 40 inches. The width
of the face of the stove was 3 feet; and to furnigh the means
for the admission of the air into the room, an opening of 1
inch in width was left at the top of the horizontal tube, in its
vertical face, extending its whole length, A hearth-plate of
cast-iron was then provided with openings corresponding to
the horizontal section of the side tubes as shown in the plan,
The hearth-plate was then set with a chamber beneath,
extending in the middle as far back as the line of the front
firebars. I'rom this chamber a zine tube, 6 inches square,
was carried under the marble hearth beneath the floor,
through the front wall into the garden, where it was carried
up to the height of 14 inches, and was furnished with a
cap having sides of finely perforated zine. A passage way
of 36 inches area was thus obtained beneath, around, and
above the front part of the stove, while there was a corre-
sponding ingress for the air from the garden, and egress from
the upper part of the stove into the room. The stove was set
in the ordinary manner; and within twenty-four hours of the
removal of the old stove, a fire was lighted in the new one,
and the room was in occupation. It was at once evident that
the tendency to smoke was remedied, and the fire burnt freely
and cheerfully. As it was felt to be an important point to
introduce the air into the room in such a direction that its
entrance should not be perceptible, the air-opening was
furnished with a metal plate bent in such a form as would
direct the air-stream towards the ceiling, and also admit of
the supply being diminished, or stopped entirely, as might be
found desirable. The complete and agreeable change in the
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character of the air of the room was at once apparent to every
one ; and instead of the room being barely habitable in cold
weather, it was found to be the most comfortable in the house.
This stove was fixed at the latter end of December, 1850, and
has been in use ever since, without the slightest difficulty
of management, and with entire satisfaction to the inmates of
the house. During the first winter careful observations were
made on its action, and the results are in many respects
remarkable. Within an hour after the fire is lighted, the air
issning from the air-passages is found to be raised to a com-
fortable temperature ; and it soon attains a heat of 80° at
which it can be maintained during the day with a moderate
fire. The hichest temperature that has been attained has
been 95° whilst the lowest on cold days, with only a small
fire, has been 70°. The result of twenty observations gave
the following temperatures :—On two occasions the tempera-
ture was 957; the fire was large, and the door of the room was
left open, so that the draught through the air-tubes was
diminished ; on five occasions the temperature was below 80°,
averaging 75° the remaining thirteen gave an average of 80°,
The mean temperature of the room at the level of respiration
was 61° while the uniformity was so perfeet that thermo-
meters hanging on the three sides of the room rarely exhibited
a greater difference than 1°, although two of the sides were
external walls, As might be expected, there was no sensible
draught from the door and window. On observing the
relative temperatures of the inflowing and general air of the
room, it appeared that there must be a regular current from
the ceiling down to the lower part of the room, and thence to
the fire, Theinflowing current being of a temperature nearly
approximating to that of the body, was not easily detected by
the hand; but on being tried by the flame of a candle it was
observed to be very rapid, and to pursue a course nearly
perpendicular towards the top of the room, widening as it
ascended. It was also noticed that the odour of dinner was
imperceptible in a remarkably ghort time after the meal was
concluded. In order to trace the course of the air with some
exactitude, various expedients were made use of. It was felt

to be a matter of great interest to ascertain if possible the
G 2
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direction of air respired by the lungs. The smoke of a cigar, as
discharged from the mouth, has probably a temperature about
the same as respired air, higher rather than lower, and was
therefore assumed to be a satisfactory indicator. On its being
repeatedly tried, it was observed that the smoke did not ascend
to any great height in the room, but tended to form itself into
a filmy cloud at about 3 feet above the floor, at which level it
maintained 1tself steadily, while it was gently wafted along the
room to the fire-place. Inorder to get an abundant supply of
visible smoke of a moderate temperature, a fumigator charged
with cut brown paper was used. By this means a dense
volume of smoke was obtained in a few seconds; and it con-
ducted itself as in the last-mentioned experiment. On dis-
charging smoke into the inflowing air-current, it was diffused
go rapidly that its course could not be traced, but in a short
time no smoke was observable in the room. Another experi-
ment was made with a small balloon, charged with carburetted
hydrogen gas, and balanced to the specifie gravity of the air.
On setting it at liberty near the air-opening, it was borne
rapidly to the ceiling, near which it floated to one of the sides
of the room, according to the part of the current in which it
was set free ; it then invariably descended slowly, and made
its way with a gentle motion towards the fire. The air has
always felt fresh and agreeable, however many continuous
hours the room may have been occupied, or however numerous
the occupants. It is difficult to estimate the velocity of the
inflowing current; but if it be assumed to be 10 feet per
second, there would pass through the air-tubes in 12 minutes
as much air as will equal the contents of the room. And as
it appears that the air so admitted passes from the room in a
continuous horizontal stream, carrying with it up the chimney
the rarefied air, the exhalations from the persons present, the
vitiated air from the lamps or candles, and all vapours rising
from the table, it is by no means surprising that the air should
always be refreshing and healthful. Since this stove has been
fixed, others have elsewhere been fitted up on the same
prineiple, and have been found to exhibit similar satisfactory
results.”

The tubular stove is shown in vertical and horizontal sec-
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tion at Figs. 37 and 38, in which @ is a flue 6 X U inches, for
conducting the external air from the outer wall to the under
side of the hearth-plate, & ; ¢ ¢ are openings in the hearth-
plate, b, communicating with two upright tubes of similar
form, which eonduct the air entering at a upwards to the hori-
zontal tube, d. This tube is fitted to the two upright tubes, and
has an opening extending along its whole length. If the width
of the stove be 3 feet, this opening should be 1% inch wide.
The stove should be set 1§ inch forward from the chimney-
breast; f is the upper mantel, standing forward from the
chimney-breast, ¢, 1% inch ; g is the mantel-shelf, witha por-
tion of the back next the chimney-breast cut away, in order
to continue the air-passage; % is a thin
slab of marble, 1% inch deep, built into
the chimney-breast, and extending to the
width of the mantel ; it serves as a sup-
port for a chimney-glass, and also to divert
the current of air from flowing directly
up the chimney-breast; ¢ is a strip of
metal or marble, which serves to guide
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Fig. 37. Section. Llovd's Tubular Fire-place. Fig. 38. Plan.

the air-stream upwards. By moving ¢ to A, the supply of
air may be regulated ; or ¢ may be fixed, and a thin strip of
metal fixed on centres at the extremities be placed between
v and h, s0 as to act like a throttle-valve. The opening
between 7 and % need not be more than 1 inch.

Mr. Lloyd has also shown how hollow bricks may be em-
ployed g0 as to afford cheap, simple, and effectual means of
ventilation, well adapted to the humbler class of dwellings,
Fig. 30 is a brick of ordinary dimensions, containing two
perforations, each about 2 inches square; Fig. 40 is a similar
brick with pieces of the sides cut away ; and Fig. 41 is an
arrangement of these bricks, in which the dotted lines mark
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air-channels intended for the back of the fire-place and chim-
ney-shaft. These air-flues may be carried to any height, and
to the right or left, as required, so that the heat at the back
of the fire-place and of the chimney may be distributed to

I,

Fig. 3. Fig. 40. Fig. 41.
every room in the house, and maintain a comfortable tem-
perature at the expense of only one fire. The hollow brick
shaft being warmed by contact, will retain its heat for a con-
siderable time, and warm the air in the air-flues,

Among the various contrivances for warming private
dwellings, the prejudices in favour of the open fire have been
respected. Pierce's Pyro-pneumatic Stove-grates retain the
open fire: fresh air is introduced from the outside by means
of earthen pipes, and passing into caliducts, enters the room
at an elevated temperature. The distinguishing feature of
the invention is, that the heating surfaces are formed of fire-
loam, go that the air is not burnt by contact with iron. In
Jobson's Stove-grate the open fire is surrounded by a circular
parabolic reflector, which reflects the rays of light and heat
into the room in parallel lines. The reflector turns upon a
hinge at the side, and can be brought out like a door for the
purpose of cleaning the grate or lighting the fire. There is
a concealed ash-pan, which requires to be emptied only once
aweek. As the parabolic casting surrounds the grate, there
is little or no passage for the air into the chimney, except
through or close over the fire ; but the reflector can be made
to act as a ventilator by drawing it out an inch or two, so as
to allow the air to flow in around it. Griffin's Cottager's Stove
appears to be judiciously arranged for the purposes of warm-
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ing and ventilating. Fig. 42 is an external elevation, and
Fig. 43 a vertical section. It has an open fire-place in the
centre ; a draw-shelf at the bottom of the grate; a drop-
shelf at the top, which forms a blower when raised; a hot

Fig. 42. Cottager's Stove, Fig. 43. Section.

plate for an ironing stove; an opening at the top for the
escape of warm air; two ovens, or one oven and one hot
closet ; also a damper, a sweep-door, and a boiler, In the
flange of the oven and closet are side doors for sweeping
when required. The oven is equally heated all round by
means of a flue, and when cooking is over, a fire of wet small
coal, cinders, and ashes will last for several hours. Air is
supplied from without by means of a pipe, which feeds the
hot-air chambers at the back and side of the fire-place, and it
escapes by an opening at the top. Even in the application of
eas as a source of in-door warmth, attempts have been made
to imitate the open fire. In Mr. Goddard's Gas-stove, the
gides fold down so as to form a box of moderate dimensions,
capable of being carried from room to room. When required
for use, the sides are opened, and a flattened coil burner is
supplied with gas by means of a flexible tube. "When not
intended to shut up, the fire-chamber is coated internally with
porcelain, within which a tubular burner is set at an angle of
45°. A quantity of asbestos shavings being spread over the
burner, the effect is something like that of a common fire.
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In Ward's gas-stove the jets burn within a frame of thin sheet
iron, which is fitted into an ordinary fire-place, after the
manner of a fire-board.

In concluding this long chapter, we may remark that the
open fire-place is so intimately connected with an English-
man's ideas of domestic comfort, that it can never be ex-
pected, while coals are plentiful, that a more economical
method of warming our rooms will become very common ;
it is, therefore, the duty of scientific men, to make the open
fire-place as comfortable as it certainly is wholesome; and
if a better method of supplying air to the fire than the
present chance arrangement were adopted; if caliducts were
led round the fire, so as to discharge warm air into distant
parts of the room, and even over the house ; if the various
parts of the fire-place were of the proper shape and dimen-
sions—there seems to be no good reason against retaining
our cherished open fire, and converting it from a troublesome,
uncertain, smoky, and expensive companion, into a source of
health, pleasure, and economy,

CHAPTER II.

ON THE METHODS OF WARMING BUILDINGS BY MEANS OF CLOSE
STOVES AND HOT-AIR APPARATUS.

OxE of the most intelligent advocates* in the cause of the
CLOSE-STOVE versus the oPEN FIRE-PLACE, has preferred a very
serious bill of indictment against the defendant. It consists
of no less than eleven counts, of which the following is a sum-
mary. L. Waste of fuel. Of the whole heat produced from
the fuel used, about seven-eighths ascend the chimney, and
are wasted. The loss of heat is first, more than half, which
is in the smoke as it issues from the burning mass. Secondly,
that carried off by the current of the warmed air of the room,
which is constantly entering the chimney between the fire
and the mantelpiece, and mixing with the smoke. This is
estimated at nearly two-eighths. Thirdly, the soot, or visible

® Dr. Arnott. “ Warming and Ventilation, with Directions for making
the Thermometer Stove, &e,” London, 1838,
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part of the smoke, is unburned fuel, and if more than half
the heat produced be in the smoke, and nearly a fourth of it
in the warm air from the room which escapes with the smoke,
and if about an eighth of the combustible pass away un-
burned, there is a loss of at least seven-eighths of the whole.
Count Rumford estimated the loss at fourteen-fifteenths.
These estimates must of course be supposed to refer to the
open fire-place with square jambs. IIL. Unequal heating at
different distances from the fire. As the intensity of radiant
heat is only one-fourth as great at a double distance, and so on,
its effect being inversely as the square of the distance, the walls
of the room are scarcely heated, and therefore reflect no heat
to persons round the fire. There is usually one circular line
around the fire in which persons must sit to be comfortable ;
and within this line they are too hot, and beyond it too cold.
IT1. Obld draunghts from doors and windows. IV. Cold foot-
bath. The fresh entering air, being colder than the general
mass already in the room, occupies the bottom of the aparte
ment, and forms a dangerous cold-air bath for the feet of the
mnmates, so that they must keep their feet raised out of it by
foot-stools, or wear warmer clothing. We see how anxious
cats are to get out of this cold air-bath by occupying the seats
of chairs, &c., instead of the carpet. V. Bad ventilation.
The heated respired air ascends to the ceiling, and getting
cool, descends, and is breathed over again ; or, if the fire be
not sufficiently supplied with air from the door and windows,
it will come from other quarters, and bring in foul air from
drains, &c. VI. Smoke and dust. VII. Loss of time in
lighting the fires in the morning, and again during the day if
neglected and allowed to go out. VIII. Danger to property.
In Londen alone there are, on an average, about 100 fires per
month. IX Danger to the person. Children get burnt, and the
dresses of ladies, especially in these days of erinoline, often take
fire by a sudden draught from the door, or coming too near
the fire, X. Fapense of attendance. It is contended that
servants have more work to do in houses with open fires,
than where stoves are kept. XI. Necessity of sweeping,
This is certainly a formidable indictment; but after the
details given in the last chapter, it is not necessary to enter

a3
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upon any further defence. There is no doubt that, upon some
of the counts, the defendant must be found guilty ; but it will
be seen, in the present chapter, that the plaintiff does not come
into court with clean hands, for there are many objections to
the close stove, from which the open grate is entirely free.
These will be stated as we proceed.

The close stove is used chiefly in those countries where fuel
is scarce. One of the simplest forms is the Dutch stove, shown
in Fig. 44. The fuel rests on the bars
of a grate, near the bottom, and the air
enters below the grate. The fuel is
introduced by a door above the grate,
which door is closed while the stove is
in action, and as this is the only open-
ing in the stove above the fuel, no air
can reach the chimney, except that
which has passed through the fire, thus
saving the waste of warm air, which,
in open fires, passes between the fire
Fig. 44. The Dutch Stove. 4nq  the mantelpiece. The heating
effect of this stove is due to the whole surface of the stove and
its flue, which receive the direct heat of combustion, as well
as much of the heat of the products of combustion, as they
escape into the chimney ; and if the flue be made sufficiently
long, so as to expose a large surface in the room, nearly the
whole of the heat may be applied to use without draughts, or
smoke, or dust. These are the good qualities of the Dutch
stove ; now for its bad ones. The heated iron surface acts
upon the air in contact with it, so as to impair its purity and
fitness for respiration. “ The air,” says Dr. Arnott, “ acquires
a burnt and often sulphurous smell, in part, no doubt, because
dust, which it often carries, is burned, and in part because
there is a peculiar action of the iron upon the air. It be-
comes very dry, too, like that of an African sim::mm, shrivel-
ling everything which it touches; and it acquires prﬂbfxbl}r
some new electrical properties. These changes combined
make it so offensive, that Englishmen, unaccustomed to it
cannot bear it. In this country, many forms have been pro-
posed, some of them gracefully designed, with transparent
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tale doors, and other attractions ; and they have been tried in
rooms, public offices, passages, halls, &e., but have been after-
wards very generally abandoned. Persons breathing the air
heated by them are often affected by headaches, giddiness,
stupor, loss of appetite, ophthalmia, &e. A north-east wind,
which distresses many people, bringing asthmas, croups, &e.,
and which withers vegetation, is peculiar chiefly in being
dry.” This stove is much used by laundresses and others for
drying, and in this application of it, the Doctor admits, it is
good and economical. The ornamental varieties of it are also
furnished with vases and other receptacles for water, which,
by its evaporation, greatly mitigates the evils complained of ;
but it must be admitted that the list of objections brought
against the Dutch stove forms as formidable a bill of indict-
ment as that preferred against the open fire. Another objec-
tion, not noticed in the above quotation, arises from the over-
heating of the flue. It has often been known to get red-hot,
and has thns led to serious conflagrations.

The American stove is a square close iron box, with a vessel
of water upon it, to give moisture to the air. It has a plate
projecting under the door, o (Fig. :
45) ; the wood fuel is burned [~——— ¢
within it at A, and the flame passes | “T—- —— =5 I
along by B, to the chimney, ¢, | B [ ==
around an inner box, which is the K. JI
cooking oven of the family, open- f= |
ing by a door in the side of the T Ze
stove, The fuel is introduced by L«' U,
a large door at p, in which there
is a smaller door, which, as well
as the larger, is usually kept shut, because a sufficient supply
of air enters by the joinings around; but in cold weather the
small door iz opened to increase the combustion. The stove
has iron legs, about a foot in length.

In Rus_sia, Prussia, and the North of Europe generally,
t]m'stfwu 13 a very important article of domestic furniture, in
which the largest possible amount of heating effect is obtained
fl_'nm the smallest possible quantity of fuel. In the construc.
tion of these stoves the following points are kept in view :—

Fig. 45. The Ameriean Stove,
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To maintain in the fire-place the high temperature necessary
for the perfect combustion of the fuel, by surrounding it with
such substances as are bad conductors of heat, such as fire-
stone or bricks ; to have the means of regulating the quantity
of air admitted to the fuel, by valves in the doors which en-
close the ash-pit and fire-chamber, and by accurate fitting of
the doors and valves themselves. Thirdly, to bring all the
gaseous products of combustion, as they escape from the fuel,
into contact with the largest possible area of slowly conduct-
ing surface, so as to maintain it at an equal temperature ; and,
lastly, to make the smoke enter the chimney with the smallest
velocity, or lowest temperature, that is practically consistent
with the first condition. In no case should this temperature
exceed 150° nor shounld the metallic surface ever be raised
higher than 100, nor the stream of air issuing from it exceed
70°. In every case the combustion is regulated by limiting
the supply of air, and if the heating surface be small, the fire
is reduced so as to produce no more heat than can be carried
off by the radiation and conduction of such heating surface.
The method in which these conditions are complied with
will be understood by referring to Fig. 46, which represents a
general form of stove. It may be modified according to
circumstances of utility or taste, but the prineiple is the same
in all. a1K T is a quadrangular box of any size, in the
directions » 1 . K ; but the inside width, from front to back,

. s generally pretty constant; it 1s
M || u |z s

— never less than 10 inches, and seldom
e Jle extending to 20 inches. The whole
| e Il included space is divided by a num-
SLAR B ber of partitions. The lowest c.]mm'-
ol -n{n:;_,_.p;.—._@j% ber, B, serves for the fuel, which 1s
(A A<2 : placed on the bottom of the stove
[T without any grate. ThEﬁﬁl‘G-Pl&E{ﬂi

; b : _’_";_‘F_l%?_"j !ms ﬂ'dﬂ.ﬂl‘, :::-_, turning on hrmgﬂs, an
=l Ao in this door is a small wicket, P._’l Ije
. ] ~ [ [k roofof thefire-place extendstowithin

a very few inches of the further end,
Fig. 46. The German Stove. Jaying a narrow passage, B, for the

flame. The next partition, d, is about 8 inches higher, and
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reaches almost to the other end, leaving a narrow passage for
the flame at . The partitions, e f g ¢, are repeated above
at the distance of § inches, leaving passagen, ETF G ¢, at the
ends alternately disposed, the last communicating with the
vent in the m flue. This communication is regulated by an
iron plate, or damper, ¥ L, which can be slid across it by
moving a rod, which passes out through the side. If the fuel
be wood, as is generally the case, and the vent opens into the
room, this passage is closed by a sort of pan, or bowl of
earthenware, which is inverted over it, with its brim buried
in sand, contained in a groove formed all round the hole,
The whole stove is set on low pillars, go that its bottom may
be a few inches from the floor of the room. It is usually
placed in a corner of the apartment, which is so disposed
that the chimneys can be joined in stacks, as with us. In
lighting the stove, straw or wood shavings are first burnt on
the hearth at its farther end, in order to warm the air in
the stove and determine a current. The fuel is then laid on
the hearth close by the door, and piled up and kindled, and
the current, being already directed to the vent, there is
no danger of smoke getting out into the room. The door,
o, is then closed, and the wicket, », opened, and the air
supplied by this means being directed to the middle or
bottom of the fuel, it is quickly kindled, and is soon burning
well.

Now it will be seen, by this construction, that the flame and
heated products of combustion are retained as long as possible
within the body of the stove, and their heat diffused over
a very extended surface, which is still further increased by
making the stove narrower from front to back in its upper
part. A certain breadth is necessary below, that there may be
room for the bulky wood fuel; but if this breadth were pre-
gerved all the way up, much heat would be lost, because the
heat, communicated to the partitions of the stove, acts with
little or no useful effect, so that, by diminishing their breadth,
the proportion of ]mntmg smhce is increased. The whole
body of the stove may, as Professor Robison remarks, be con-
sidered as a long pipe folded up, and its effect wuuld be the
greatest possible, if it really were so, that is, if each partition
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were split into two, and a free passage allowed between them
for the air of the room.

In order that the heated surface may be as extensive as
possible, the stove is not built into the wall, nor in contact
with it, or with the floor. By being thus detached, both the
back and bottom of the stove are sources of heat to the air of
the room, and the bottom, which is the hottest part, contri-
butes at least half the heating effect. Sometimes, however, the
stove forms a part of the wall between two rooms, and serves
to heat both, It is also common to have the door of the fire
in the passage on the outside of the room, so that an attendant
can manage it without incommoding the occupants.

The author of “ A Residence on the Shores of the DBaltic,
15841,” refers to these stoves in the following terms:—
“ Within these great houses, not a breath of cold is expe-
rienced. The rooms are heated by stoves, frequently orna-
mental rather than otherwise; being built in tower-like
shapes, story over story, of pure white porcelain, in various
graceful architectural mouldings ; sometimes surmounted with
classic figures of great beauty, and opening with brass doors,
kept as bright as if they were of gold. In houses of less dis-
play, these stoves are merely a projection in the wall, coloured
and corniced in the same style as the apartment. In ad-
joining rooms they are generally placed back to back, so that
the same fire suffices for both, These are heated but once
in the twenty-four hours by an old Caliban, whose business
during the winter it is to do little else. Each stove will hold
a heavy armful of billet, which blazes, snaps, and cracks most
merrily ; and when the ashes have been carefully turned and
raked with what is termed an ofen gabel, or stove fork, so
that no unburnt morsel remains, the chimney aperture is
closed over the glowing embers, the brass doors firmly shut,
and in about six hours after this, the stove is at the hottest—
indeed, it never cools.”

The useful effect of this stove depends very much on re-
taining in the room the air already heated by it. A small
open fire in the same room will actually diminish the heat-
ing cffect of the stove, and even draw the warm air from
adjoining apartments. In the houses of English merchants at
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St. Petersburg, open fires are sometimes introduced into rooms
with stoves; and the consequence is, that it is found necessary
to light the stoves twice a day, and yet the houses are cooler
than those of the Russians, who light them onlyonce. To
our notions, however, a cool in-door atmosphere is preferable
to a nauseous stagnant one, such as the Russians and Germans
are accustomed to breathe throughout the winter ; and even
in summer they are very averse to an open window. The
temperature of the winter apartments is kept nearly always
at 65°, and as every part of the room is equally warm, the
inmates have no occasion to crowd round the stove as we
do round the fire. “ But I can testifv,” says Dr. Buxton, *“ that
in German rooms there is a closeness of feeling to a person
accustomed to free air, which is unpleasant, if not unwhole-
some—no change of air, the windows closed as tight as can
be, and the door fits as exactly as the carpenter can make it.
The stove is air-tight with regard to the room, and there is
nothing to occasion a current like an Iinglish open fire. The
apartments of the sick almost invariably smell disagreeably.
I do not, however, recollect seeing a single ventilator in
Germany; but I have repeatedly seen double windows.” As
ventilation can only be procured at the expense of heat, the
people prefer retaining the foul air to expending an extra por-
tion of fuel. In the houses of the poorer classes in Russia,
where the windows are single, and a number of persons occupy
a small stove-heated room, a thick icy ecrust forms on the
inside of the windows during frosty weather, arising from the
condensation of the breath, perspiration, and the aqueous fumes
of candles, and of the stove, &c. When a thaw comes on,
this icy crust is converted into water, and a deleterious prin-
ciple is disengaged, which produces effects similar to those
arising from the fumes of charcoal. DPersons so affected are
immediately carried into the open air, and placed on the snow
with very little clothing ; the temples and the region of the
stomach are well rubbed with snow, and cold water is poured
down their throats, and the friction is continued until the
livid hue of the skin disappears, and the natural colour is
restored. The Chinese are wiser in this respeet than the
Russians, for, although their rooms may in winter be as hot
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and as crowded, they have two openings at the top of each
window, which are never allowed to be closed, and through
these ventilation is carried on.

The stove last described belongs rather to that variety
ealled the Swedish stove, than to the Russian or German. In
the Russian or German stove, the smoke, after rising from the
fuel, recedes into the flne, and becomes cooled by contact with
the walls of the circulating chambers, and the heat is by this
means retained in the apartment, which would otherwise have
escaped combined with the vapour. In the Swedish stove,
the circumvolutions of the smoke are exposed to a vivid heat,
so that every particle of soot undergoes a second combustion
in the circulating channels. Some of the Swedish stoves have
from four to nine channels for the circulation of the smoke ;
some are contrived to receive one or more boilers, and others
to act as ovens; and they all greatly economise the fuel, for,
according to Morveau, ‘the quantity of wood which is con-
sumed in twenty-three days in an open fire, with less effect,
will last sixty-three days in a stove.

In erecting the ponderous German stoves it is necessary to
arrange the various pieces of clay, or porcelain, so that no
part should ecrack or give way, and thus admit the smoke or
carbonic acid vapour into the room. When the parts are put
together with cement, or held by iron cramps, a leakage
commonly occurs at the joinings, where the different pieces of
clay are differently heated, and, perhaps, were of a different
baking when made; hence, by expanding unequally, and
working on each other, one of them must give way. Dut,
instead of making the joints close and using any cement, the
best method is to make each upper piece stand in a groove
formed in the piece below it, and then to sprinkle a little
powdered chalk or clay over it, which will effectually prevent
the passage of any air, and, at the same time, allow space for
any expansion or contraction at the joint.

Some valuable experiments by Mr. Bull are quoted by Mr.
Bernan, to show the effect of ascending and descending flues
in the Russian and Swedish stoves, and of elbows or bends in
the flue of the common Dutch stove. From these experi-
ments, it appears that the same length of pipe is much more
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efficacious in imparting heat to a room when it has elbows
than when it is straight; that a descending current may be
somewhat more efficacious than an ascending one, but 1s about
equal with a horizontal one ; a horizontal pipe, with the same
number of elbows, is more efficacious in imparting heat, than
when placed vertically for an ascending and descending cur-
rent, The canse of the increased effect is supposed to arise
from the shape of the pipe forcing the heated air to make
abrupt turns, in doing which it impinges against the elbows
with sufficient force to invert its internal arrangement, by
which a new stratum of hot air from the interior of the current
is brought more frequently in contact with the sides of the
pipe and particularly with the lower half of the horizontal
pipe, which, from various causes, gives out very little heat to
the room without the aid of elbow joints. But the advantage
gained by increasing the length of pipe and number of joints
has a limit very far short of that which is found to be necessary
to impart all, or the greatest part, of the heat generated to the
air of the room. Only five parts of heat in 100 were lost by
using 13} feet of pipe, consisting of nine elbow joints ; whereas,
eight additional elbow joints, and 164 feet additional of straight
pipe, in all 28% feet of pipe, were required to save these five
parts, and prevent their flowing into the chimney. By dimi-
nishing the diameter of the pipe, the heat-
ing effect is increased, partly from the
retardation of the current, and partly
from the small pipe exposing a greater
surface to the air with the same quantity
of smoke than a pipe of larger diameter,

An excellent stove with a descend-
ing current was constructed by Dr.
Franklin for his own use. Tig. 47
represents a vertical section, in which
@ is an opening in the cover, furnished
with a hinge; @ is a fire-chamber, in
which the grating is fixed; b a space
containing a second grating ; ¢ the ash-pit, with a drawer to
receive the ashes; d e horizontal flues at each side of the ash-
- box, communicating with vertical flues which lead into the

Fig. 47, Stove with De-
scending Flue,
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chimney, The vase and flues are contained in a niche formed
by closing up the fire-place, and there is no communication
between the room and the flue, except through the opening,
@, in the lid. The fire should be first lighted at a time
when there is usually a draught up the chimney, as already
explained (page 108) ; but the direction of the draught had
better be ascertained by holding a flame over the air-hole
at the top of the vase, If the flame be drawn strongly
down, the fire may be lighted by first putting in a little char-
coal on the grate at @; then lay some small sticks on the char-
coal and some paper on the sticks ; set light to the paper, and
shut down the lid ; the air will pass down through the air-hole,
and blowing the flame of the paper through the sticks, kindle
them, and they, in their turn, will kindle the charcoal. The
flame and hot vapour descending through the grating at a,
passes into the chamber, b, and through the second grating in
its bottom into the ash-pit, c. The hot eurrent will then be
divided—one portion turning to the left, and passing into the
horizontal channels, d e, and entering the vertical flue, will
be conducted into the chimney ; the other portion will make
a similar circuit on the left in the channels, d ¢, and entering
another flue, will in like manner pass into the chimney. The
surfaces of the vase and air-box, and the part of the horizontal
channels exposed to the room, are heated by these circumvo-
Intions of the vapour, and the air warmed by contact with
them, spreads into the room. The larger pieces of coal that
fall throngh the grating on the vase, are caught by the second
grating, b, and the ashes fall through it into the ash-pit box, e.
The success of this contrivance depends of course upon
maintaining an upward steady draught in the chimney flue,
so that the ash-pit drawer and a door in the chamber, b, to
withdraw the cinders, must be made air-tight. In order
to determine an upward current on lighting the fire, a small
door may be made in the side of the flue, and a piece of
lighted paper inserted.

Mr. Beaumont's stove also acts by a downward current.
It is represented in section, in Fig, 48. The foundation, a, is
of bricks, two courses high, and 25 inches square, with a
vacant space G} inches wide, for the ash-hole, b, Upon this
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foundation are laid two plates of cast-iron, ¢, each 9 inches
wide, 25 inches long, and an inch thick. The plate which
covers the ash-pit draws out, and in doing so turns the ashes
into the ash-pit. On these iron plates is erected a drum, with
an aperture, x, for the sinoke flue. This aperture, when lined
with fire-bricks, is 6 inches wide, and 4% inches high. The
drum is also lined with fire-bricks, set on edge, and is covered
with a circular plate of cast-iron,

sn, with a downward lip round . I_ =
the edge, to receive the upper r"n-_—ﬂ_fq & i ? &
edge of the drum. In the middle 4’ | )

of the cover, n, is a hole, 7 inches | | {I/ff

in diameter, for the admission of L _&Ej‘fﬂj
fuel, and this is covered with a |[[— f?ﬁx\\};{jﬁ__ﬂjfy—
lid, moving on a pivot to regulate 1 “\N‘.\‘{F;:E:—;;;
the admission of the air. An ;f_f AL

opening of an inch is usually b | @ | |

sufficient for that purpose. A
short rim projects from the lid,
whereby it is converted into a shallow vessel for holding
water, the evaporation of which keeps the air sufficiently
moist. The fire is lighted by first throwing in a few coals,
then some sticks and paper, and, lastly, some cinders or coke,
with a little coal immediately over the wood, taking care to
malke the fuel slope away from the smoke flue. The aper-
ture at the top is then nearly closed, and the fire is lighted.
The smoke first tends to rise towards the aperture, but the
heat soon determines a downward current, which sets into the
smolke aperture, and carrying with it the gaseous products
of combustion into the flue, £, the fire soon begins to burn
brightly. At night the aperture is closed, and the fire goes
out. All the fuel is consumed, the downward dranght pro-
ducing complete combustion; there is no soot, and nothing
of the fuel remains but a red ash. The management of this
stove ig quite easy ; all that is required being to push in the
glide over the ash-pit before the fire is lighted, to let the fire
burn brightly before much fuel is put on, and to keep the
?muke vent, z, from being choked up, by overloading it with
uel,

Fig. 48, Beaumont’s Stove,
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Mr. Beaumont says, that although this stove thoroughly
warmed the air of the office, yet the clerks constantly com-
plained of cold feet. To remedy this, a flue was formed under
the paved floor, the paving-stones forming the roof of it.
The flue, which was a foot square, entered one side of the
office, continued along that side, across the top, and down the
other side, where it entered an upright flue in the party wall.
The pavement thus heated after the Chinese fashion (page 71)
made the office very comfortable. With a mere handful of
fire, the warmth was so considerable, that the difficulty was
to keep it low enough, without putting out the fire. An office
and principal staircase were thus kept warm at an annual
expense of 30s. or about 3d. a day for the cold season ; whereas
a similar degree of heat from another apparatus cost £18 a
year. ‘‘ Persons coming in from the open air have com-
plained of our keeping large fires, and when they have been
shown that the fire was a small one, burning without fierce-
ness, and which might be contained in the erown of a hat,
they have denied their belief to the fact ; and insisted that
the warmth which they felt must have been procured from
some other source. Itreally does appear like magie, but the
case proves the fact of one part only of the heat from the
previous apparatus going to the place to be heated, and that
eleven parts {went up the chimney, and were wasted at the
house top.”

The stove shown in section, in Fig. 49, is an improvement
on the Dutch stove, already noticed (page 130). The fire-
chamber, a, 8 inches on each side, is enclosed by four fire-
tiles, ¢ ¢, 1 inch thick, placed in a cast-iron case, §ths of an inch
thick, with a ledge to support the grate. This ledge projects
3% inches downwards into the ash-pit, and terminates in four
short standards, or feet, placed on the sole of the stove. A
space, @, of 4% inches, is left between this iron casing and
the inner casing of the stove. Tive inches above the upper
edge of the tiles of the fire-box, a fire-tile, ¢, 1} inch thick,
and 15} inches square, is fixed on brackets, so as to leave a
space, 7, about 1} inch all round, between it and the inner
surface of the casing, for the hot vapour from the fuel to rise
upwards. A plate of iron, or a tile, n, is fixed about 8 inches
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above the tile, e, leaving also a space, #, about 1} inch, between
its edge and the casing. The roof of the stove, about 8
inches above the plate, terminates in the smoke-pipe, d ; the
fire-door and its valve are shown at b, and the ash-pit door
and air-valve at s, the upper edge

of this valve being § an inch E——=>10d [d'—=—
above the under edge of the iron | f =
|l
{

casing of the smoke-chamber,
The stove is enclosed in a plate-

iron casing, 50 as to leave aspace, || || b mppeeeremeed o/ ©
o, of 1% inch round it. This |F [} — 115
F ] 2 * '

casing is open at the bottom, m m,
and at the top, p p, and has two | | i
fillets projecting about 4 an inch
from its surface ; no valve of any
kind is attached to this outward

B
)

casing, and the air circulates

freely throngh the space, o, that z le| a e =
it encloses. All the parts are

accurately fitted, and no air enters LA

the stove, except through the F[,| . > o
valves at s and 5. In the speci- Bl ——TJ
men described ]JY Mr. Bﬂl'ﬂﬂﬂ, Fig. 49. Improved Dutch Stove.
“ the heating suirface was 20}
gquare feet, and the depth of coke in the fire-chamber was
generally about 5 inches; and this was found sufficient for a
room containing nearly 5,600 cubic feet of space. When
there is fire, the hot vapour from the fuel being prevented
from rising in a stream upwards by the tile, ¢, spreads along
its under surface and ascends all round the edge of the tile,
through the narrow space, r, which brings the smoke into
contact with a large surface of the iron casing, and this con-
tact is prolonged until it reaches the roof, by flowing through
the narrow space between the upper tile and the casing ; the
whole surface of the stove thus kept in contact with the smoke,
is equally heated, and the air which rises freely in the space,
o, being brought rapidly in contact with this hot surface, is
genially warmed and emitted at p into the room.”

A combination of the stove and the grate, combining the
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heating effect of the stove with the cheerful appearance and
ventilating properties of the open fire, is known under the
name of the stove-grate, or Chapelle ; the latter name being
derived from its resemblance to the chapels or oratories of the
great churches. Professor Robison deseribes it as the most
perfect method of warming an apartment. Its construction
is as follows :—1In the great chimney-piece is set a smaller one,
of a size no larger than is sufficient for holding the fuel. The
sides and back are of cast-iron, and are kept at a small distance
from the sides and back of the main chimney-piece, and con-
tinued down to the hearth, so that the ash-pit is also separate.
The pipe or chimney of the stove-grate is carried up behind
the ornaments of the mantel-piece, until it rises above the
mantel-piece of the main chimney-piece, and is fitted with a
register, or damper plate, turning round a transverse axis,
The best form of this register is that of an ordinary fire-place,
with its axis or joint close at the front, so that when open or
turned up, the burnt air and smoke, striking it obliquely, are
directed with certainty into the vent without any risk of
reverberating and coming out into the room. All the rest of
the vent is ghut up by iron plates or brickwork out of sight.
The fuel being in immediate contact with the back and
sides of the grate, raises them to a great heat, and they heat
the air contiguous to them. This heated air cannot get up the
vent, because the passages above these spaces are shut up. It
therefore comes out into the room ; some of it goes into the
real fire-place, and is carried up the vent, and the rest rises
to the ceiling, and is diffused over the room. The heating
effect of this stove-grate is remarkable. Less than a quarter
of the fuel consumed in an ordinary fire-place is sufficient, and
this, with the same cheerful blazing hearth, and the salutary
renewal of the air. Indeed, it often requires attention to keep
the room cool. The heat communicated to those parts of
the apparatus which are in contact with the fuel is need-
lessly great, so that it has been found an improvement to line
this part with thick plates of cast-iron, or with tiles of fire-
clay. These, being bad conductors, moderate the heat com-
municated to the air. If the heat be still found too great,
it may be brought under perfect management by opening
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passages in the vent for the spaces on each side, so that the
air heated by the sides of the stove-grate may ascend directly
into the flue, instead of escaping into the room., These
passages may be closed by valves, or trap-doors, moved by
rods concealed behind the ornaments of the fire-place.

The stove-grate is under complete control as to tempera-
ture. A cheerful fire may be ensured within five minutes,
simply by hanging a plate of iron in front so as to reach
down as low as the grate; and when the fire is, by its means,
blown up, the plate may be taken down and sent out of the
room, or set up behind the grate out of sight. If, on the
other hand, the room be found inconveniently warm, the
temperature may be cooled down within a quarter of an hour,
by opening the side passages to any extent for the escape of
the hot air, In this arrangement the ash-pit is enclosed,
because the light ashes, not finding a ready passage up the
chimney, are apt to escape into the room with the heated air,

Few contrivances for warming apartments have excited
more attention and discussion of late years than Dr. Arnott's
stove. The principle of this invention consists in allowing
the fuel to burn very slowly, the admission of air for com-
bustion being regulated by a peculiar contrivance. There are
various forms and modifications of this stove, but the principle
is the same in all. The stove consists of a square or eylin-
drical box of iron, lined with fire-clay, with a grating near
the bottom for the fuel, or the fuel may be contained in a
small fire-box within the stove. Sometimes the fuel is burned
within a hollow cylinder of fire-clay, and then the stove is not
lined with that material. There is an ash-pit below for the
ashes, and the products of combustion are carried off by a
vent. The chief feature of this stove is, the contrivance by
which the air is admitted to the fuel. When the stove door
or ash-pit door is open, the combustion is vivid; but when
these are perfectly tight, as they ought to be, then the air is
admitted by a regulator.

The form first tried is shown in IFig, 50, in which abe d
represent a box of sheet iron divided by the partition, g A,
into two chambers communicating freely at the top and
bottom ; ¢ is the fire-box formed of iron, lined with fire-brick,
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and resting on a close ash-pit with a door at &, near which is
a valved opening, by which air enters to feed the fire when
A the door is shut; ¢ is the door
= ' of the stove by which fuel is in-
/ ¢) | troduced ; c is the chimney flue.

By %, s
p I' w{ When the ash-pit door and the
)

stove-door are shut, the quantity
of air admitted by the valved
opening in the ash-pit is only
just sufficient to support com-
bustion, and only a small corre-
sponding quantity of air can
pass away by the chimney. The

¥

- —

by i whole box then soon becomes
:Ti ZAET filled with hot air, or smoke from
Fig. 50. The Arnott Stove. the fire circulating in it, and

rendering it everywhere of as
uniform temperature as if it were full of hot water, This
circulation takes place, because the air in the front chamber
around the fire-box, and which receives as a mixture the
red-hot air issuing from the fire, is hotter, and, therefore,
specifically lighter, than the air in the posterior chamber, which
receives no direct heat, but is always losing heat from its sides
and baclk ; and thus, as long as the fire is burning, there must
be circulation. The whole mass of air is, in fact, seen to
revolve, as marked by the arrows, with great rapidity. The
quantity of new air rising from within the fuel, and the like
quantity escaping by the flue, ¢, are very small, compared with
the revolving mass, The methods of regulating the supply
of air will be noticed presently.

With this stove, Dr. Arnott, during the severe winter of
1836-7, was able to maintain in his library a uniform tem-
perature of from 60° to 63°. The quantity of coal used
(Welsh stone coal) was, for several of the colder months,
G 1bs. a day—Tless than a pennyworth—a smaller expense than
that of the wood used in lighting an ordinary fire. The grate
or fire-box, fully charged, held a supply for twenty-six hours.

Another common form of this stove is shown in Fig. 51 ;
A B © D is the outer casing ; £ the fire-box over which is a
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dome, %, with a funnel, p, to carry off the products of combus-
tion; A is the stove door; and

+ M g the regulator by which air is
| ST admitted. Various forms of re-
i E gulators are described, a speci~
LS men of which is shown in Fig.

( 52. A B © is a glass tube shut at
% A, containing air from A to B, and
mercury in the bend below B ¢ ;

on the mercury at ¢ is a float,
r from which proceeds an upright
rod, o, kept steady by passing
_ through a support at v. From
» . © this upright wire descends ano-
Fig. 51.' The Arnott Stove.  ther, » & 1, terminated by the

plate valve, r; E is the air-tube
of the stove. When the heat within is

IITTVTEITRN]

A emunsanuinns

. great, the air in the shut limb of the regu- [
lator at A is expanded, and forces up the "
| mercury at ¢, raising the rods and plate =

' valve, F, and thus bringing it near to or =
| in contact with the mouth of the tube, by

' which means more or less air is admitted to
| the stove, according to the temperature
' within. If the combustion is proceeding
| too glowly, then the air in the tube, 4, is not
' much expanded, consequently airisallowed
| to enter the stove more freely ; but when,
owing to this, the combustion becomes
 lively, and the temperature too high, then
| by the elevation of the plate valve, less air
. enters, and the temperature is moderated.
A more simple form of regulator is

t shown in Fig. 53; @ b ¢ is a bent tube
¢ shut at @, where it contains air, and open Fig. 52. Regulator.

H
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at ¢, where it is cup-shaped. The bent part at b is ocenpied
by mercury ; from ¢ proceeds a bent tube for supplying air
to the stove. When the internal heat is great, the air in

a is expanded and forces

| the mercury up in ¢, and
thus bringing it in contact

@ with the mouth, prevents
the entrance of air to the
stove,

This stove isliable to the
objectionalready stated, viz.,
: that the air of the room,
e though sufficiently heated,

g
k. is nevertheless stagnant. A
s pound of coal requires about
"l Y 150 cubic feet of air for

Fig. 53, Arnott’s Stove, combustion ; but as a por-
tion of the air escapes with-
out being chemically acted on, 200 cubie feet may be allowed.
Now, if a room warmed by Arnott’s stove be 15 feet long,
12 feet wide, and 11 feet high, its cubic contents are
1,980 feet; and if 6 lbs. of coal per day be burnt, each
pound requiring about 200 cubic feet, only 1,200 cubie feet
will be used for the combustion. This quantity must pass
through the stove, and be carried off by the vent, so that in
the course of twenty-four hours, the atmosphere of the apart-
ment i1s not once completely changed or renewed by the
action of the fire. IHence it is that the apartment is so easily
warmed, and hence, also, its unpleasant effect.

Another serious objection to this stove arises from that
which is generally considered as its chief merit ; namely, the
slow combustion of the fuel, whereby carbonic oxide is gene-
rated, and, from the small draught of the chimney, is liable to
escape into the room. This gas is poisonous, and its escape
has been ascertained by Dr. Ure, by attaching to the ash-pit
of one of these stoves a glass vessel containing a solution of
subacetate of lead, which being speedily acted on by the car-
bonie oxide, was formed into the insoluble carbonate of lead.
It is also stated that carburetted hydrogen is sometimes



JOYCE’S CHARCOAL STOVE, 147

formed in these stoves, which, by mingling with the "air, has
formed an explosive mixture, and thus led to accidents.

A good application of Dr. Arnott’s close stove, for the
purpose of warming and ventilating, has been made by Mr.
Charles Cowper. In the back kitchen of his house, which
is but little used, he placed an Arnott's stove, and partially
enclosed it in a case of sheet-iren, so as to form a kind of
air-jacket, opening into which was a zinc pipe & inches in
diameter, the other end passing through the wall into the open
air. By this contrivance all the air entering at the pipe was
made to spread itself over the exterior of the stove, and thus
become gently warmed. The effect of this arrangement has
been to make the house much more comfortable as regards
temperature, and to cure the chimneys of their tendency to
smoke.,

Joyce's stove for burning charcoal is liable to all the objec-
tions arising from the use of this fuel in an apartment. The
charcoal is prepared for this stove by reburning common
charcoal in a close oven, and quenching it while hot in an
alkaline solution, This is said to deprive it of its usual pungent
smell in burning, but, if so, it renders it all the more dangerous,
since the carbonic acid may slowly accumulate in an apartment
—a bed-chamber, for example—and produce fatal conse-
quences. The’stove consists of a thin metal case, in the form
of asmallurn or vase. A small pipe, 2 or 3 inches long, rises
through the bottom into the body of the stove, and terminates
about the centre in a conical funnel closed at the top, and
pierced full of holes. At the top of the stove is a valve, for the
purpose of regulating the supply of air through the lower pipe,
to maintain the combustion. A small portion of ignited char-
coal is placed in the stove, and the remaining space filled up
with charcoal not ignited; and as the supply of air is very
limited, it will continue to give out heat for many hours.
The whole of the charcoal is converted into carbonic acid,
which escapes from the valve at the top in proportion to the
quantity of air which enters at the bottom. This stove has
nothing to recommend it ; for the charcoal fuel is not only
dangerous, but expensive. F:;om its small size, and great

H <
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calorific power, this stove excited considerable attention at
the time of its introduction ; and from the statements made
respecting it, the public was led to expect that some new law
of combustion had been discovered, or that the old law had
been suspended in its favour; for it was gravely affirmed that
the whole of the products of combustion were absorbed, or
otherwise prevented from escaping from the stove, in conse-
quence of the peculiar mode of preparing the fuel.

We come now to notice that variety of stove in which the
cockele is introduced. This contrivance is an invention of
Mr. Strutt, of Derby, and consists in making the fire-chamber
of a cylindrical form, with a flat or dome-shaped head, and a
pipe leading from the upper part, to carry off the smoke into the
chimney. This iron fire-room, called the cockle from its shape,
was then placed on a bed of masonry or brickwork, with a
grating and ash-pit beneath,
as shown in Fig. 54. At a
certain distance from the
cockle, a, is a mass of brick-
work, &b, concentric with the
cockle and its dome top, in
order to allow a current of
air from the passages below,
or from the external atmos-
phere, to come in immediate
contact with the whole sur-
face of the iron chamber and
¥ 7 | pipe. This air, being thus
- e =/ heated and rarefied, ascends

Fig. o4 The Coskls Stave. towards the head of the stove,
and passes through one or more apertures, ¢, into the room
required to be warmed. The fuel is supplied at the door, ¢,
and passes down a sloping dead plate to the fire-bars at g.
The ash-pit and draught-hole for the fire are shown at d.

In order to bring the air in contact with a greater extent of
heated surface, another form is sometimes given to the cockle,
by contracting its diameter, and bending the iron pipe into a
serpentine form, as shown in Fig. 55. The fire-chamber is
formed by placing the grating near the lower part of the
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conical pipe, @, the opening to which, for the admission of the
fuel, is at c. Anuthm narrow opening is made lmmedmte]}r
in front of the fire-bars, to allow the
ashes to be cleared from the bottom
of the fire, The brickwork, 4, en-
closing the cockle, is in the form of
a parallelogram, and the heated air
escapes through e, and 1s conducted
by pipes to the rooms required to be
heated. The following is the working
effect of a cockle of this kind, but
with only one bend in the pipe,
which entered the chimney lower
down instead of proceeding upwards
to d. The cockle itself was 2} feet
wide, 6 feet high, and the sides § inch
thick. The brick casing was at the Ilg' 55, C““i*m E’m"e'
distance of 6 inches from the metal, and the descending vent
within was 6 inches in diameter. The stove here described
was used for warming a lecture-room 35 feet long, 27 broad,
and 20 high; also a large apartment 30 feet long, 27 broad,
and 18 high; besides twu smaller rooms and a staircase.
The fire was kindled during winter at 7 A, and kept
burning till 4 p.m., when it was allowed to go out. The
average quantity of coals consumed was rather less than half
a hundredweight. The temperature of the air from the
tubes varied from 120° to 180° according to the state of the
fire, The temperature of the different apartments was kept
at about 60°. When first erected, the supply of air for the
hot chamber was brought from without; but afterwards the
air for the fuel and for the hot chamber were both taken
from the apartment containing the stove, which was generally
at 70°,

Mr. Strutt's residence was at Belper, and hence the cockle-
stoves are often named, in honour of him, Belper stoves. In
1792, he warmed his large cotton factories by their means;
but the cockle-stove erected by Mr. Charles Sylvester, for
warming the Derby Infirmary, was long regarded as a model
of its kind for a large building. In such a stove it is necessary
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that the area be sufficient to allow of the subterranean
passage being carried out, so as to communicate with the
external atmosphere at some convenient distance from the
building, in order to admit a current of cool air for ventilation
during summer, as well as for the supply of the stove for
warming the apartments in winter. The stove should
also be erected as near the area of the building as con-
venient, and be placed from 6 to 12 feet below the floor,
in order to preserve uniformity as much as possible in the
distribution of the warm air. The cockle, @ (Fig. 56), is
cubical in form, with a dome or groined arch top; it is about

!

o

Fig. 56. The Belper Stove.

in di i 1 f iron plates
3 feet in diameter, and 4 feet high, and is made o

riveted together. The smoke passes off by a narrow Pa'ssagf
at the base of the cockle through the flue, f. The brickwork
surrounding the cockle is built with alternate openings

between the bricks, as in Fig. 56, at about 8 inches distant
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from the sides of the cockle. Through these apertures are
inserted pipes of sheet iron, or common porcelain-ware, so as
to extend within an inch of the cockle, by which means the
air to be heated may be thrown near, or in immediate con-
tact, with the surface of the cockle, if desirable, The hori-
zontal partition, d d, cuts off the communication between the
lower and the upper portion of the air-chamber, the arched
openings in the lower half, ¢ ¢, being the openings of the main
air-flue leading from the exterior atmosphere. The fire-room
and ash-pit are shown at b b, and the fuel is introduced by
the opening at <.

It will be seen, from this arrangement, that the air passing
from the lower flues, ¢ ¢, through the apertures beneath the
horizontal partition, and coming in immediate contact with
the surface of the cockle, must find its way into the upper air-
chamber, e ¢, through the numerous pipes or openings of the
upper division, by which eireuit its velocity will be sufficiently
retarded to obtain the necessary elevation of temperature from
the heated cockle. But that the air may not be burnt, it is
necessary to regulate the size of the fire-chamber, so as not to
heat the cockle, on an average, more than 300°, The Derby
stove allows the passage of nearly 5 cubic feet of air per
second, which is heated to about 130° at the instant it escapes
from the upper air-chamber into the pipes leading to different
parts of the building., These pipes are furnished with dampers
to regulate the admission of warm air at pleasure.

If care be taken to prevent the burning of the air, this
method of heating a large building appears to be wholesome
and economical. It would scarcely answer on a small scale,
on account of the expense of erection; nor could it be easily
applied to a large building, unless constructed in the first
instance, or during the erection of the edifice. The air-
passages, being placed several feet below the surface of the
ground, afford a convenient mode of admitting a portion of
cold air to the interior of the building during summer, by
means of a revolving mouth-piece, or turn-cap, placed at the
opening of the air-passage, 8o as to receive the current of wind

at the outer extremity of the passage, and thus convey it to
the interior of the building,
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The various objections which have been urged from time
to time against this method of warming buildings, by bringing
the air into contact with a surface of iron heated by fire, have
led to other methods of heating the metallic surface. Thus
Mr, John Sylvester, in his evidence before the House of
Commons’ Committee, in 1835, proposed this method of
warming the New Houses of Parliament. An apparatus was
to be erected beneath the house, or on the basement, con-
structed of cast-iron, and exposing a very large surface for the
contact of the fresh air; the arrangement of the surface being
such as to divide the supply of fresh air into a large number
of very small streams. The under part of the metal surfaces
being heated by enclosing water, or steam, the air so divided
would flow in contact with such warming surfaces, and thus
become heated to the temperature required. When thus
heated, it would be allowed to flow under the whole area of
the house, the floor of which, being perforated with a multitude
of holes, would thus admit it into the body of the house. (See
Part II., chap. iii.)

This brings us to the next step in the art of warming
buildings ; namely, by steam, for the details of which we refer
to the next chapter.

CHAPTER IIIL

ON THE WARMING OF BUILDINGS BY MEANS OF STEAM AXND
HOT WATER.

Tue method of warming buildings by steam depends on the
rapid condensation of steam into water when admitted into
any vessel which is not so hot as itself, At the moment of
condensation, the latent heat of the steam is given out to the
vessel containing it, and this diffuses the heat into the sur-
rounding space.

The first practical application of this principle was made
by James Watt, in the winter of 1784-5, who fitted up an
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apparatus for warming his study, The room was 18 feet long,
14 feet wide, and 8% feet high, The apparatus consisted of a
box, or heater, made of two side plates of tinned iron, about
3% feetlong by 24 feet wide, separated about an inch by stays,
and jointed round the edges by tin plate. This heater was
placed on its edge, near the floor of the room. It was fur-
nished with a cock to let out the air, and was supplied with
steam by a pipe from a boiler, entering at its lower edge, and
by this pipe the condensed water also returned to the boiler.
The heating effect of this apparatus was not so great as was
expected, in consequence, perhaps, of the bright metallic sur-
faces of the box not being favourable to radiation.

In 1791, Mr. Hoyle, of Halifax, took out a patent for heat-
ing by steam pipes, and his method seems to have been the
foundation for subsequent attempts. The steam was at once
conveyed from the boiler, by a pipe, to the highest elevation
of the building required to be heated, and, from that point, by
a gentle declivity, the condensed water flowed into the supply
cistern of the boiler. The effect of the pipes (which were of
copper) was too small, and as the apparatus was constantly
getting out of order, it was pronounced a failure.

In 1793, Mr. Green took out a patent for a different method,
which consisted in enclosing a hollow vessel, or worm pipe,
in a boiler containing hot water or steam. The air, on its
way to the room to be warmed, was made to pass through
this worm, and was thus heated to an agreeable temperature.
By another method, pipes from a steam boiler were enclosed
in other pipes, and, in the interval between them, the air was
heated on its passage to the room. This apparatus was
erected in a mansion on Wimbledon Common. The encased
pipe was fixed along the ceiling of the basement floor, with
an inclination of 2 inches in 68 feet. The inner steam pipe
was 5 inches in diameter, the outer pipe 9 inches, and both
of copper. The lower end of the casing pipe was left open
for the cold air to enter ; the other end was joined to a pipe
4 inches in diameter, with three horizontal elbows, that rose
about 12 inches, where it opened into the first suite of rooms
that were to be heated. It was supposed that the air would
enter at one end in great quantity, and flow out through the

H 3
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small pipe at the other end into the rooms; the effect, how-
ever, was so feeble that no useful heating was produced.

About this time steam was introduced into hot-houses, not
by circulating in pipes, but by being discharged into the
body of the hot-house, the effect of which was to raise its
temperature and moisten the air to such a degree that the
plants grew rapidly and luxuriantly. It is also said to have
had the effect of destroying insects.

In the winter of 1795-6, Mr. Boulton erected a steam
heating apparatus in the library of his friend, Dr. Withering,
“which, in point of heating, answered perfectly; but the
pipes being made of copper, and soft soldered in some places,
the smell of the solder was rather unpleasant to the Doctor,
who was then in an infirm state of health with diseased lungs.
The apparatus was, in consequence, removed to Soho, where
Mr. Boulton proposed erecting it in his own house, in which
he was making alterations about this time, and had it in view
to heat every room in the house by steam. A boiler was put
up for that purpose in one of the cellars, but some circum-
stance occurred to prevent his continuing the plan. The
subject, however, underwent frequent discussion, and the
different modes of effecting it were amply considered by
Messrs. Boulton and Watt, as was known to many of their
friends, no secret having been made,
either of calculations of surface, or of
the modes of applying them.” *

About the end of the year 1799,
Mr. Lee, of Manchester, under the
¢l direction of Boulton and Watt, erected

a heating apparatus of cast-iron pipes,

l’ which served also as supports to the
. . floor. This answered perfectly, and
was, in point of materials and construe-
L@ || tion, the earliest of its kind. Mr, Lee
= —= afterwards had his house heated by
Fig. 57, Early Form of gteam, and the staircase, hall, and
DA A parss passages, were warmed by the apparatus
shown in Fig. 57. It was placed in the underground story,

# « Buchanan on the Economy of Fuel, &c.” 1810; 2nd edition, 1819,

L 'l i,
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and consisted of a vertical cast-iron cylinder, a, surrounded
by a casing of brickwork, leaving a space, e ¢, of 2} inches
all round, and having openings, ¢, below, to admit the air.
This casing was surrounded, at the distance of 3 or 4 inches,
by another wall, forming a sort of well, e. The colder and
heavier air, falling to the bottom of this well, entered by the
holes, 7, into the space, ¢, where it came in contact with the
eylinder, a, and, being heated, ascended. The entrance of the
steam into the cylinder was regulated by a valve, the air being
allowed to escape by a stop-cock, while the steam was entering;
the condensed water escaping by a pipe not shown in the
figure. The transmission of the heated air was regulated by
a valve at @, on the top of the brickwork. This apparatus
was so effective, and heated the staircase to such a degree, that
after it had been in operation a short time it was necessary
to suspend its action by closing the valve at a, or by closing
the valve which admitted steam into the cylinder.

The method of heating buildings by steam has scarcely
advanced since the time when Messrs. Boulton and Watt
erected their apparatus for the purpose, and Mr. Buchanan
wrote a practical treatise on the subject. The hot-water
apparatus has, for the most part, superseded the steam appa-
ratus, so that our details need not be very full.

In establishments where a steam-engine is in daily use, the
steam pipes may be supplied from the engine boiler, its dimen-
slons being enlarged at the rate of 1 cubic foot for every
2,000 cubic feet of space to be heated to the temperature of
70°0r 80°. A boiler adapted to an engine of one-horse power
is sufficient for heating 50,000 cubic feet of space. Hence an
apparatus gpecially erected for the purpose need not be of very
large size, nor is the quantity of fuel consumed great. If the
fire under a small boiler be carefully managed, 14 1bs. of New-
castle coal will convert 1 cubic foot of water at 50° into
1,800 cubic feet of steam at 216°; and only 12 Ibs. of coal
are required to convert the same quantity of water into steam
at 212°, The shape of the boiler, and the method of setting
it, must aleo be considered, and the furnace must be arranged
0 as to admit no more air than is required to support the
combustion, The hot air must also be kept in contact with
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the sides of the boiler until as much of the heat as possible be
abstracted from it. In such an arrangement, according to
Dr. Arnott, nearly half of all the heat produced in the com-
bustion is applied to use,

In estimating the extent of surface of steam pipe required
to raise the rooms to the proper temperature, it is necessary
to consider how the heat is expended. This is done in three
ways :—1, Through the thin glass of the windows; 2, More
slowly through the walls, floors, and ceiling ; and 3, In com-
bination with the air which escapes at the joinings of the
windows and doors, or through openings expressly made for
the purpose of ventilation. The amount of heat lost in this
way has been variously estimated by different writers, but
Dr. Arnott states it thus:—That in a winter day, with the
external temperature at 10° below freezing, to maintain in an
ordinary apartment the agreeable and healthful temperature
of 60° there must be of surface of steam pipe, or other steam
vessel heated to 200° (which is the average surface-tempera-
ture of vessels filled with steam of 212°), about 1 foot square
for every G feet of single glass window of usual thickness; as
much for every 120 feet of wall, roof, and ceiling, of ordinary
material and thickness; and as much for every 6 cubic feet
of hot air escaping per minute as ventilation, and replaced
by cold air. A window, with the usual accuracy of fitting,
allows about 8 feet of air to pass by it in a minute, and there
should be for ventilation at least 3 feet of air per minute for
each person in the room. According to this view, the quan-
tity of steam pipe or vessel needed, under the temperature
gupposed, for a room 16 feet square by 12 feet high, with
two windows, each 7 feet by 3, and with ventilation, by
them or otherwise, at the rate of 16 cubic feet per minute,
would be— Teet,

For 42 square feet of glass (requiring 1 foot for6) . . . . . T
s 1,238 feet of wall floor and eeiling (requiring 1 foot for 120) 10%
» 16 feet per minute for ventilation (requiring 1 foot for 6) 24

Total of heating surface required . + . . . . 20

Which is 20 feet of pipe 4 inches in diameter, or any other
vessel having the same extent of surface—as a box 2 feet
high, with square top and bottom of about 18 inches. It
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may be noticed that nearly the same quantity of heated sur-
face would suffice for a larger room, provided the quantity of
window glass and of the ventilation were not greater; for
the extent of wall, owing to its slow conducting quality, pro-
duces comparatively little effect.

The same authority also supplies the following illustra-
tions :—A heated surface, as of iron, glass, &ec., at tempera-
tures likely to be met with in rooms, if exposed to colder
air, gives out heat with rapidity nearly proportioned to the
excess of its temperature above that of the air around it, less
than half the heat being given out by radiation, and more than
half by contact of the air. Thus, if the external surface of an
iron pipe heated by steam be 200° while the air of the room
to be warmed by it is at 60°, showing an excess of temperature
in the pipe of 140° such pipe will give out nearly seven times
as much heat in a minute as when its temperature falls to 80°,
because the excess is reduced to 20° or one-seventh of what it
was. Supposing window glass to cool at the same rate as iron
plate, 1 foot of the steam pipe would give out as much heat
as would be dissipated from the room into the external air by
about 5 feet of window, the outer surface of which was 30°
warmer than that air. But as glass both conducts and radiates
heat about one-seventh slower than iron, the external surface
of the glass of a window of a room heated to 60° would, in an
atmosphere of 22° be under 50°, leaving an excess of less than
307; and about 6 feet of glass would be required to dissipate
the heat given off by 1 foot of the steam pipe. In double
windows, whether of two sashes or of double panes, only half
an inch apart in the same sash, the loss of heat is only about
one-fourth of what it is through a single window. It is also
known that 1 foot of black or brown iron surface, the iron
being of moderate thickness, with 140° excess of temperature,
cools, in one second of time, 156 cubic inches of water, one
degree. T'rom this standard fact, and the law above given,
a rough calculation may be made for any other combination
of time, surface, excess, and quantity. And it is to be recol-
lected that the quantity of heat which changes in any degree
the temperatare of a cubic foot of water, produces the same
change on 2,850 cubic feet of atmospheric air,
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The arrangement of the steam pipes has next to be con-
sidered. A common method is shown in Fig. 58, in which a
__ isthe pipe from the boiler, rising at
] i L once to the upper story. From this

=0 b — .« pipe proceed horizontal branches,
J i [: L b, to each floor. Each branch is
5 furnished with a stop-cock at o,
= = : by which means the steam can be
Il ] Ll [ turned on or off at pleasure, in any
it = one of the three stories. The water
Fig. o8, Arrangement of Pipes. gyising from the condensation of the
steam in each pipe, flows back into the boiler along the
ascending pipe. But if it be not convenient to place the boiler
below the level of the lowest floor, the condensed steam is
received into a reservoir, from which it is pumped into the
feeding cistern. At the extremity of each horizontal branch,
¢, is a stop-cock, which is opened when the steam is filling,
to allow the air to blow off.
Another arrangement of th