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The Subject of this Effay curious and intergfting in
a very bigh degree.—All the Comforts, Convea
niencies, and Luxuries of Life, are procured by
the Affiftance of F1rE and of HEaT.—The Wafte
¢f Fuel very great.—Importance of the Economy of
Fuel to Individuals, and te the Public.—Means
ufed for ¢ftimating the Amount of the Wayfte of Fuel.
—An Account of the firft Kitchen of the Houfe of
Induftry at Munich, and of the Expence of Fuel in
that Kitchen, compared with the SQuantity confumed
in the Kitchens of private Familics.—An Account
of feweral other Kitchens confiruéted on wvarious
Principles at Munich, under the Direclion of the
Author.— Introduétion to a more f[cientific Invefti-
gation of the Subject under confideration.

\J© fubjei of philofophical inquiry, within the
limits of human inveftigation, is more calcu-
lated to excite admiration, and to awaken curiofity,
than FirE ; and there is certainly none more ex-
tenfively ufeful to mankind. It is owing, no doubt,
to our being acquainted with it from our infancy,
B 2 that



4 Of the Management of Fire,

that we are not more ftruck with its appearance,
and more fenfible of the benefits we derive from it.
Almolt every comfort and convenience which man
by his ingenuity procures for himfelf, is obtained
by its affiftance ; and he is not more diftinguithed
from the brute creation by the ufe of fpeech, than
by his power over that wonderful agent.

Having long been accuftomed to confider the
Management of Heat as a matter of the higheft
importance to mankind, a habit of attending care-
tully to every circumftance relative to this intereft-
ing fubjeét that occafionally came under my obferv-
ation, foon led me to difcover how much this
fcience has been negletted, and how much room
there .is for very effential improvements in almoft
all thofe various operations in which heat is em-
ployed for the purpofes of human life.

The great walte of Fuel in all countries muit be
apparent to the moft curfory obferver; and the
ufes to which Fire is employed are {o very extenfive,
and the expence for Fuel makes fo confiderable an
article in the lift of neceffaries, that the importance
of the fubjet cannot be denied.

And with regard to the Economy of Fuel, it has
this in particular to recommend it, that whatever
is faved by an individual, is at the fame time a po-
fitive faving to the whole community ; for the lefs
demand there is for any article in the market, the
lower will be its price; and as all the fubjeéts of
ufeful induftry—all the arts and manufaétures,
without exception, depend, directly or indireétly,
on operations in which Fire is neceffary, it is of

much



and the Economy of Fuel. 5

much importance to a manufacturing and com-
mercial country to keep the price of Fuel as low as
poffible :—And even in countries where there are
no manufattures, and where the inhabitants fubfift
entirely by agriculture, if wood be ufed as Fuel—
as the proportion of woodland to arable muft de-
pend ina great meafure on the confumption of fire-
wood, any faving of Fuel will be attended with a
proportional diminution of the forefts referved for
fire-wood,—confequently, with an increafe of the
lands under cultivation,—with an increafe of inha-
bitants,—and of national wealth, ftrength, and
profperity.

But what renders this fubject peculiarly intereft-
ing, is the great relief to the poor in all countries,
and particularly in all cold climates, and in all great
cities in every climate, that would refult from any
confiderable diminution of the price of Fuel, or
~ from any fimple contrivance by which a fmaller
quantity of this neceflary article than they now are
obliged to employ to make themfelves comfortable,
might be made to perform the fame fervices. Thofe
who have never been expofed to the inclemencies of
the {eafons,—who have never been eye-witnefles to
the fufferings of the poor in their miferable habita-
tions, pinched with cold and ftarving with hunger,
—can form no idea of the importance to them
of the fubject which I propofe to treat in this
Effay. .

To all thofe who take pleafure in doing good to
mankind by promoting ufeful knowledge, and faci-

litating the means of procuring the comforts and
B 3 conve-



6 Of the Management of Fire,

conveniencies of life, thefe mveﬁ:gatmns cannot but!'
_ be very mtereﬁmg

Though it is generally acknowledged that thete
isa great wafte of Fuel inall countries, arifing from:
ignorance and careleflnefs in the management of
Fire, yet few—very few, I believe—are aware of
the real amount of this wafte.

From the refult of all my inquiries upon this
fubject, I have been led to conclude, that not lefs
than feven-eighths of the heat generated, or which,.
with proper management, might be gencrated, from:
the Fuel actually confumed, is carried up into the!
atmofphere with the fmoke, and totally loft. And
this opinion has not been formed haftily ; on the
contrary, it is the refult of much attentive obferv-
ation, and of many experiments. - But, in a matter
of fo much importance, I feel it to be my duty not
merely to give the Public my opinions, but to lay be-
fore them the grounds upon which thofe opinions
have been founded ; in order that every one may
judge for himfelf of the certainty, or probability,
of my deductions.

It would not be difficult, merely from a confider«
ation of the nature of heat,—of the manner in
which it is generated in the combuftion of Fuel,
and the manner in which it exifts when generated,
—to fhew that, as the procefs of boiling is com-
monly performed, there muft of neceiﬁt}f be a very
great lofs of heat ; for when the veflel, in which the
fluid to be boiled is contained, is placed over an-open
or naked fire, not only by far the greater part of
the radiant heat is totally loft, butalfo of that which

exifts



and the Economy of Fuel. 7

exifts in the flame, fmoke, and hot vapour, a very
fmall proportion only enters the veflel ; the reft
going off with great rapidity, by the chimney, into
the higher regions of the atmofphere. But, with-
out infifting upon thefe reafonings, (though they
are certainly incontrovertible,) I fhall endeavour to
eltablifh the fatts in queftion upon flill more folid
ground——that of actual experiment.

- In the profecution of the experiments neceffary
in this inveftigation, I proceeded in the following
manner : —As the quantity of heat which any given
quantity of any given kind of Fuel is capable of ge-
nerating, is not known, there is no fixed ftandard
with which the refult of an experiment can be com-
pared, in order to afcertain exaétly the proportion of
the heat faved, or ufefully employed, to that loft :
Inftead therefore of being able to determine this
point diredtly, 1 was obliged to have recourfe to
approximations. Inftead of determining the quan-
tity of heat loft in any given operation, I endea-
voured to find out with how much lefs Fuel the
fame operation might be performed, by 2 more ad-
vantageous arrangement of the Fire, and difpofition
of the machinery: And feveral extenfive public
eltabliflhiments, which have been erected in Bavaria
within thefe laft fix or feven years, under my direc-
tion, by order of His Moft Serene Highnefs the
ErecTor PavATINE; particularly an eftablifh-
ment for the Poor of Munich (of which an account
has been given to the Public in my firft Effay) ; and
the Eftablifhment of a Public Academy for the edu-
cation of 180 young men, deftined for the fervice

B 4 of




8 Of the Management of Fire,

- of the ftate in the different civil and military de-
partments ;—the economical arrangements of thefe
eftablifhments afforded me a moft favourable op-
portunity of putting into practice all my ideas re-
lative to the Management of Fire; and of afcertain-
ing, by numerous experiments made upon a large
fcale, and often varied and repeated, the real im-
portance of the improvements I have introduced.
That many experiments have been aétually
made in thefe two Eftablifhments, during the feven
years they have exifted, will not be doubted by
thofe who are informed, that the Kitchen, or rather
the Fire-place of the kitchen of the Houfe of In-
duftry, has been pulled down and built entirely
anew no lefs than #hree times, and that of the
Military Academy rwice, during that period ; and
that the forms of the boilers, and the internal con-

ftrution of the fire-places, have been changed ftill
oftener.

The importance of the improvements in the ma-
nagement of heat employed in culinary operations,
which have refulted from thefe inveftigations, will
appear by comparing the quantity of Fuel now
actually ufed in thofe kitchens, to that confumed in
performing the fame operations in kitchens on the
common conftruction: And this will at the fame
time fhew, in a clear and fatisfatory manner,
what I propofed to prove,—namely, that in all the
common operations in which Fire is employed,
there is a very great wafte of Fuel.

The wafte of Fuel in boiling water or any other
liquid over an open fire, in the manner in which

4 that
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that procels is commonly performed, and the great
faving of Fuel which will refult from a more ad-
vantageous difpofition and management of the Fire,
will be evident from the refults of the following
Experiments, all of which were made by myfelf,
and with the utmoft care.

Experiment, No. 1.

A copper boiler belonging to the kitchen of the
Military Academy in Munich, 22 Rhinland inches
in diameter above, 19X inches in diameter below,
and 24 inches in depth, and which weighed 5o lbs.
weight of Bavaria, (= 61.92 lbs. avoirdupois,)
being fixed in its fire-place, was filled with g5 Ba-
varian meafures (= 28 Englifh wine-gallons) of
water, which weighed 187 Bavarian pounds
(= 232.58 Ilbs. avoirdupois); and this water be-
ing at the temperature of §8°F. a fire was lighted
under the boiler with dry beech-wood, and the
water was made to boil, and was continued boiling
two hours. The time employed and wood con-
fumed in this Experiment, were as follows :

Time employed, Wood confumed.

Hours. Min. - lbs,

To make the waterboil, - - 1 1 — 1l
To keep the water boiling, - - 2 o — 2%
Total, #1.- 1 oLgl g D=liElRd




10 Of the Management of Fire,

Lxperiment, No. 2.

The fame boiler, containing the fame quantity
of water at the fame temperature, being now re-
moved to the kitchen of a private gentleman in the
neighbourhood, (Baron de Schwachheim, a bro-
ther of the Commandant of the Academy,) and
placed upon a tripod, a quantity of the fame kind
of wood ufed in the former Experiment being pro-
vided, a fire was lighted under it by the gentle-
man’s cook, (diretions having been given to be ag
fparing as poflible of Fuel,) and it was made to
boil, and continued boiling two hours.

The refult of the Experiment was as follows :

Time employed, Waad confumed.

Hours. Min. Ibs.

To make the water boil, - - 1 31 == 4¢
To keep it boiling, - <2 0 == 173
Total,- = 3 gL = == 2L

As in thefe two Experiments the fame boiler was
employed ; —as the quantity of water was the fame,
— as alfo its temperature at the beginning of the
Experiments,—and as it was made to continue
boiling during the fame length of time, it is evident
that the quantities of wood confumed fhow the re-
lative advantages of the different methods employed
in the management of the Fire. The difference of
thefe quantities of Fuel is very great (the one be-
ing only 13} lbs. and the other amounting to no

5 lefs



and ihe Economy of Fuel. 11

lefs than 621 Ibs.). And this fhows how very con-
" fiderable the walte of Fuel really is, in the manner
in which it is commonly employed for culinary pur-
pofes, and how important the favings are which
may be made by introducing a more advantageous
arrangement for the management of Fire. But great
as thele favings may appear to be, as thown by the
refults of the foregoing Experiments, yet they are
in fa& ftill more confiderable, as will be abun-
dantly proved in the fequel. In the Experiment,
No. 2. in which the boiler was put over an open
Fire, great care was taken to place the Fuel in the
moft advantageous manner ;' but, in general, little
attention is paid to that circumitance, and the wafte
of Fuel is greatly increafed by fuch negligence : But
in clofed fire-places, upon a good conftruction, as
the proper place for the Fuel cannot be miftaken,
and as it is fixed, and bounded on all fides by a
wall, the ignorance or inattention of thofe who
take care of the Fire can never be produétive of
any great wafte of Fuel; and this is an advan-

tage of no fmall importance attending thefe fire-
places.

Expe-
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Experiment, No, 3.

A large copper fauce-pan or cafferole, 11+ inches
in diameter above,—1o0} In diameter below, and
32 inches deep, containing 4 meafures of water,
weighing %1 Ibs. and at the temperature of §8°F.
being placed in its clofed fire-place, and a fire be-
ing made under it with fmall pieces of dry beech-
wood cut in lengths of about 4 inches, the water
was made to boil, and was continued boiling two
hours.

The refult of the Experiment was as follows:

Time employed. Wood confumed,

Hours. Min. 1bs.
To make the water boil, - - o §3 L
To keep it boiling, - - - 2 0 [maii [0S

———— -—————

Total, 2 17 == ]%

Experiment, No. 4.

The fame fauce-pan, containing the fame quan-
tity of water, and at the fame temperature as in the
laft Experiment, was now taken from its proper fire-
place, and placed upon atripod ; and a fire being
made under it with dry beech-wood, the refult of

the Experiment was as follows
Time employed. Wood confumed.

Hours. Min, 1bs,
To make the water boil, - - o 38 STV
Tatal, 2 28 = 11l

The
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The difference in the refults of thefe two Expe-
riments is nearly the fame as that in the refults of
thofe before mentioned, and they all tend to fhow,
that in cooking, or beiling over an open fire, nearly
five times as much Fuel is required, as when the heat
is confined in a clofed fire-place, and its operation
properly directed.

But I muft again repeat, what I have already ob-
ferved with refpeét to the two former Experiments,
as the Experiments, No. 2. and No. 4. were both
made with the utmoft care, the refults of them,
compared with thofe which were made with the
fame boilers placed in clofed fire-places, can give no
adequate idea of the real lofs of heat, and walte of
Fuel, which take place in the common operations
of cookery.

From feveral eftimates which I have made with
great care relative to this fubject, founded upon
the quantity of Fuel attually confumed in the
kitchens of feveral private families, compared with
the quantities of different kinds of food prepared
for the table, it appears that at leaflt nine-tenths of
the wood actually confumed in common kitchens,
where cooking is carried on over an open fire,
might be faved, by introducing the various im-
provements I have brought into ufe in the kitchens
which have been conftru¢ted under my direétions.

- But it is not alone in kitchens, in which cooking
1s carried on over open fires, that ufeful alterations
may be made ; kitchens with clofed fire-places, and

indeed all the kitchens which have yet been con-
trived,
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' trived, (as far as my knowledge extends,) are {‘ufu
_ ceptible of great improvement.

"The various improvements that may be made in
mechanical arrangements for the Economy of Fuel,
will appear in a ftriking manner from a detail of the
different alterations ‘which have from time to timé
been made in the kitchen of the Houfe of Induftry at
Munich, and in that of the Military Academy, and
of the effetts produced by thofe progreflive im.-
provements.

The Houfe of Induftry being an eftablifiment of
public charity, and the number of thofe fed from
the kitchen amounting from 1000 to 1§00 perfons
daily, the Economy of Fuel, in a kitchen upon fo
large a fcale, became an objett of ferious confider-
ation ; and I attended to thisunatter with pecuhar
pleafure, as it fo completely coincided with my fa-
vourite philofophical purfuits.

The inveftigation of heat, and of the laws of its
operations, had long occupied my attention, and I
had been fo fortunate, in the courfe of my Experi-
ments upon that fubject, as to make fome difco~
veries which were thought worthy of being inferted:
in the Philofophical Tranfattions of the Royal So~
ciety of London ; and for my laft paper upon that
fubje, publithed in the Tranfactions for the year
1792, I had the honour to receive the annual Me-
dal of the Society. I hope my mentioning this
circumftance will not be attributed to oftentation.
My motive in doing it, is merely to thow, that when
I undertook to make the arrangements of which I

am
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am about to give an account, the fubject was by
no means new to me; but, on the contrary, that
I was prepared, and in fome meafure qualified, for

fuch inveftigation. |
I conceive it to be the duty of thofe who propofe
ufeful improvements for the benefit of mankind,
pot only to merit, but alfo to do every thing in
their power to obiain, the confidence of thole to
whom their propofals are fubmitted ; and there ap-
pears to me to be a much greater degree of pride
and arrogance difplayed by an author in taking it
for granted that the world is already fufficiently ac-
quainted with his merit and his qualifications to
treat the fubjet he undertakes to inveftigate, than
in modeftly pointing out the grounds upon which
the confidence of the Public in his knowledge of
his fubject, and in his integrity, may be founded. -
But to return from this' digreflion. In the firft
arrangement of the kitchen in the Houfe of Induftry
at Munich, which was finithed in the beginning of
the year 1790, eight large copper boilers, each ca-
pable of containing about 38 Englifh wine gallons,,.
were placed in fuch a manner in two rows, in a fo-
lid mafs of brick-work, 3 feet high, g feet wide,
and 18 feet long, built in the middle of the kitchen,
that, from a fingle fire-place, fituated at one end
of this brick-work, by means of canals (furnithed
with valves or dampers) going from it, through the
folid mafs of the brick-work to all the different
boilers, thefe boilers were all heated, and made to
boil with one fingle fire; and though none of
them
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them were in actual contact with the fire-place, and
fome of them were diftant from it near 1§ feet, yet
they were all heated with great facility, and in a
fhort fpace of time, by the heat which, upon open-
ing the valves, (which were of iron,) was made
to pafs through the canals. -

Each boiler having its feparate canal, and its fe-
parate valves, any fingle boiler, or any number of
them, might be heated at pleafure, without heat-
ing the reft; and by opening the valves of any
boiler more or lefs, more or lefs heat, as the oc-
cafion required, might be made to pals under the
boiler ;—and when no more heat was wanting for
any of the boilers, or when the fire was too ftrong,
by opening a particular valve, a communication
with a wafte-canal was formed, by which all the
heat, or any part of it at pleafure, might be made
to pals off direttly into the chimney, without going
near any of the boilers.

The Fire was regulated by a regifter in the door
of the afh-pit, by which the air was admitted into
the fire-place ; and, when no more heat was wanted,
~ the Fire was put out by clofing this regifter en-
tirely, and by clofing at the {ame time all the valves
or dampers in the canals leading from the fire-

place.
The fire-place was of an oval form, 3 feet long,

2 feet 3 inches wide, and about 18 inches high,
vaulted above with a double vault, 4 inches of air
being left between the two vaults; and the Fuel

was introduced into the fire-place by a paflage
clofed

B’
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clofed by a double iron door, which door was kept
conftantly thut ;—and the Fuel was burnt upon an
iron grate ; the air which fupplied the Fire coming
up from below the grate through the afh-pit.

The lofs of heat in its paflage from the fire-place
to the boilers, was prevented by making the canals
of communication double, one within the other ; the
internal canal by which the heat pafled, and which
was 5 inches wide internally, and 6 inches high,
being itfelf placed, and, as it were, infulated, in a
canal ftll larger, in fuch a manner that the canal
by which the heat pafled, (which was conftructed
of very thin bricks, or rather tiles,) was firrounded
on every fide with a wall, 2 inches thick, of confined
air. The furrounding canal being formed in the
folid body of the mafs of brick-work, this arrange-
ment of the double canals was entirely concealed.
The double canals and the double vault over the
fire-place were intended to ferve the {ame purpofe,
namely, Zo confine more effectually ihe heat, and pre-
_wvent its efcape into the mafls of brick-work, and its
confequent lofs.

Having found, in the courfe of my Experiments,
that confined air is the beft barrier * that can be
oppoled to heat, to confine it I endeavoured to avail
mylelf of that difcovery in thefle economical ar-
rangements, and my attempts were not unfuccefl-
ful.

Not only the fire-place itfelf, and the canals of
communication between the fire-place and the boil-

* See Philofophical Tranfaétions, 1792, Part I,
VOL. II. c ers,
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ers, were furrounded by confined air, but it was
alfo made ufe of for confining the heat in the boil-
ers, and preventing its elcaping into the atmo-
fphere. This was done by making the covers of
the boilers double. Thele covers; (See the figures
1 and 2, Plate I.) which were made of tin, or rather
of thin iron-plates tinned, were in the form of a
hollow cone; the height of the cone was equal to
about one-third of irs diameter ; and the air which
it contained was entirely thut up, the bottom of the
cone being clofed by a circular plate or thin theet of
tinned iron. The bottom of the cone was accu-
rately fitted to the top of the boiler, which it com-
pletely clofed by means of a rim about 2 inches
wide, which entered the boiler ; which rim was
foldered to the flat fheet of tinned iron which
formed the bottom of the cover. The fteam, ge-
nerated by the boiling liquid, was carried off by a
tube about half an inch in diameter, which pafled
through the hollow conical cover, and which was
attached to the cover, both above and below, with
folder, in fuch a manner that the air with which
the hollow cone was filled, remained completely
confined, and cut off from all communications with
the external air of the atmofphere, as well as with

the fteam generated in the boiler.
In fome of the covers I filled the h{}llnw of the

cone with fur ; but I did not find that thefe were
fenfibly better for confining the heat than thofe in
which the cone was filled fimply with air.

To

PO S e

e e s o
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To convince the numerous ftrangers, who from
euriofity vifited this kitchen, of the great advantage
of making ufe of double covers to confine the heat
in the boilers, inftead of ufing fingle covers for
that purpofe, a fingle cover was provided, which,
as it was externally of the fame form as the others,
when it was placed upon a boiler, could not be dii-
tinguifhed from them ; but as its bottom was want-
ing, and confequently there was no confined air in-
terpofed between the hot {team in the boiler and the
external furface of the cover, on being placed upon
a kettle actually boiling, this cover inftantaneoufly
became fo exceedingly hot as actually to burn thofe
who ventured to touch it;—while a double cover,
formed of the fame materials, and placed in the
fame fituation, was fo moderately warm that the
naked hand might be held upon it for any length
of time without the leaft inconvenience.

As it was ealy to conceive that what was fo ex-
- ceedingly hot as to burn the hand, in an inftant,
upon touching it, could not fail to communicate a
great deal of heat to the cold atmofphere, which
continually lay upon it, this Experiment fhowed,
in 2 {triking and convincing manner, the utility of
my double covers ; and I have fince had the fatif-
fadtion to fee them gradually finding their way into
common ufe.

It is perhaps quite unneceflary that T fhould in-
form my readers, that one principal motive which
induced me to take fo much pains in the arrange-
ment of this kitchen, was a defire to introduce ufe-

c2 ful
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ful improvements relative to the Management of
Heat and the Economy of Fuel, into common prac-
tice. An eftablifhment fo intereflting in all ree
fpeéts,—fo important in its confequences,—and fo
perfectly new in Bavaria, as a public Houfe of In-
duftry upon a liberal and extenfive plan,—where
almolt every trade and manufacture is carried on
under the fame roof,—where the poor and indigent
of both fexes, and of all ages, find a comfortable
afylum, and employment {uited to their ftrength
and to their talents ; and where induftry is excited,
not by punifbments, but by the mof liberal rewards,
and by the kindeft ufage: Such an eftablifhment,
I thought, could not fail to excite the curiofity of
the Public, and to draw together a great concourfe
of vifitors ; and as this appeared to me a favorable
opportunity to draw the public attention to ufeful
improvements, all my meafures were taken accord-
ingly ; and not only the kitchen, but alfo the bake-
houfe,—the ftoves for heating the rooms,—the
lamps,—the various utenfils and machines made
ufe of in the different manufaétories,—all the dif-
ferent economical arrangements and contrivances
for facilitating the operations of ufeful induftry,
were fo many models exprefsly made for imitation.

But in the arrangements relative to the Economy
of Fuel, befides a view to immediate public utility,
another motive, not much lefs powerful, eontri-
buted to induce me to pay all poflible attention to
the fubject; namely, a defire to acquire a more
thorough knowledge relative to the nature of Heat,
; ' and
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and of the laws of its operations ; and with this
view feveral parts were added to the machinery,
which I fufpected at the time to be too complicated
to be really ufeful in common praétice.

The fteam, for inftance, which arofe from the
boiling liquids, inftead of being fuffered to efcape
into the atmofphere, was carried up by tubes into
a room immediately over the kitchen, where it was
made to pafs through a fpiral worm, placed in a
large cafk full of cold water, and condenfed, giv-
ing out its heat to the water in the cafk; which
water thus warmed, without any new expence of
Fuel, was made ufe of next day, inftead of cold
water, for filling the boilers. That this water, fo
warmed, might not be cooled during the night, the
calk that contained it was put into another cafk
ftill larger; and the {pace between the two cafks
was filled with wool. The cooling of the fteam,
in its paffage from the boiler to the cafk where it
was condenfed, was prevented by warm coverings
of theep-fkins with the wool on them, by which the
tubes of communication, which were of tin, were
defended from the cold air of the atmofphere.

By this contrivance, the heat, which would other-
wile have been carried off by the fteam into the at-
mofphere and totally loft, was arrefted in its flight,
and brought back into the boiler, and made to
work the fecond day.

By other contrivances, the fmoke alfo was laid
under contribution. After-it had pafled under the
boilers, and jult as it was about to efcape by the .

€3 chimney,
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chimney, it was {topped ; and, by being made to
pafs under a large copper filled with cold water,
was deprived of the greater part of the heat it ftill
retained : And thinking it probable that confider-
able advantages would be derived from drying the
wood very thoroughly, and even heating it, before
it was made ufe of for Fuel, the fmoke from two of
the boilers was made to pafs under a plate of iron
which formed the bottom of an oven, in which the
wood, neceflary for the confumption of the kitchen
for one day, (having previouily been cut into billets
of a proper fize,) was dried during 24 hours, pre-
vious to its being ufed.

In a {maller kitchen, (adjoining to that I have
been delcribing,) which was conftructed merely as
a model for imitation, and which was conftantly
open for the infpeétion of the Public, five boilers of
different fizes, all heated by the fame fire, were
placed in a femicircular mafs of brick-work, and
the fmoke, after having paffed under all thefe five
boilers, was made to heat, at pleafure, either an
oven, or water which was contained in a wooden
cafk fet upright upon the brick-work.—A tube of
copper, tinned on the outfide, which went through
the cafk, gave a paffage to the fincke, and this tube
was connefted with the bottom of the catk by
means of a circular plate of copper through which
the tube paffed, which plate clofed a circular open-
ing in the bottom of the cafk fomewhat larger in
diameter than the tube.

This
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This circular plate was nailed to the bottom of
the cafk, and the joining made water-tight by in-
terpofing between the metallic plate and the wood
a fheet of pafteboard ; and the tube was faftened
to the plate with folder. This tube, (which was
about 6 inches in diameter,) as foon as it had
pifled the circular plate, and entered the barrel,
branched out into three fmaller tubes, each about
4 inches in diameter, which, running parallel to
each other through the whole length of the cafk,
went out of it above, by three different holes in the
upper head of the cafk, and ended in a canal which
led to the chimney.

This tube, by which the fmoke paffed through
the cafk, was branched out into a number of
branches in order to increafe the furface, by which
the heat of the fmoke was communicated to the
water in the cafk. The cafk was fupplied with wa-
ter from a refervoir placed in the upper part of the
building, by means of a leaden pipe of communica-
tion from the one to the other ; and the machinery
was fo contrived, that, when any water was drawn
out of the cafk for ufe, it wasimmediately replaced
from the refervoir ; but as foon as the water in the
cafk had regained its proper height, the cold water
trom the refervoir ceafed to flow in it. |

Nothing more generally excited the furprife and
curiofity of thofe who vifited this kitchen, than to
fee water actually boiled in a wooden calk, and
drawn from it, boiling hot, by a brafs cock. I
have been the more particular in defcribing the

C 4 manney
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mantier in which this was done, as I have realon to
think that a contrivance of this kind, or fomething
fimilar to it, might, in many cafes, be applied to
ufeful purpofes. No contrivance can poflibly be
invented by which heat can be communicated to
fluids with fo little lofs ; and as wood is not only
an excellent non-conductor of heat itfelf, but may
eafily be furrounded by confined air, by furs and
other like bodies which are known to be ufeful in
confining heat, the lofs of heat, by the fides of a
containing veflel compofed of wood, might be al-
moft entirely prevented.

Why fhould not the boilers for large falt-works
and breweries, and thole deftined for other fimilar
procefles, in which great quantities of water are
heated, or evaporated, be conftruéted of wood,
with horizontal tubes of iron or of copper, com-
municating with the fire-place, and running through
them, for the circulation of the fmoke ?—But this
is not the place to enlarge upon this fubject; I
thall therefore leave it for the prefent, and return to
my kitchens.

To prepare the foup furnithed to the Poor from
the kitchen of the Houfe of Induftry, it was found
neceflary to keep up the fire near frve bours, the
foup, in order to its being good, requiring to be
kept actually boiling above three hours.

The Fuel made ufe of in this kitchen was dry
beech-wood ; a cord of which, (or klafter, as it is
called,) 5 Englifh feet 8.% inches long, 5 feet
8% inches high, and 3 feet 1} inches wide, and

which
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which weighed at an average about 2200 Bavarian
pounds, (= 2724 Ibs. Avoirdupois,) coit at an ave-
rage about 5% florins (= 9s. 64 d. fterling) in the
market.

Of this wood the daily confumption, when
foup was provided for 1000 perfons, was about
300 lbs. Bavarian weight, or about 3, or more ex-
altly % of a cord or clafter, which colt 43 creut-
zers, (6o creutzers making a florin,) or about
18. 3%+d. fterling : And this gives ;% of a creutzer,
or . of a farthing, for the daily expence for Fuel
~ in cooking for each perfon.

To make an eftimate of the daily expence for
Fuel in cooking the fame quantity of the fame kind
of foup in private kitchens, we will fuppofe thefe
1000 perfons, who were fed from the public kitchen
of the Houfe of Induftry, to be feparated into fa-
milies of 5 perfons each.

This would make juft 200 families; and the
quantity of wood confumed in the public kitchen
daily for feeding 1oco perfons, (= 300 Ibs.,) being
divided among 2co families, gives 1 lbs. of wood
tor the daily confumption of each family; and
* according to this eftimate, 1 cord of wood, weigh-
ing 2200 Ibs. ought to fuffice for cooking for fuch
a family 1466 days, or 4 years and 6 days.

But upon the moft careful inquiries relative to
the real confumption of Fuel in private families in
operaticns of cookery, as they are now generally
performed over an open fire, I find that § Bavarian
pounds of good peas-foup can hardly be prepared

at
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at a lefs expence of Fuel than 15 Ibs. of dry beech-
wood of the beft quality ; confequently, a cord of
fuch wood, inftead of fufficing for preparing a foup
daily for a family of § perfons for 4 years, would
hardly fuflice for fo long a time as § months.

And hence it appears, that the confumption of
Fuel in the kitchens of private families, is to that
confumed in the firlt kitchen of the Houfe of In-
duftry at Munich, in preparing the fame quantity of
the fame kind of food, (peas-foup,) as 10 to 1 *
But it mult be remembered, that this difference in
the quantities of Fuel expended is not occafioned
entirely by the difference between the two methods
of managing the Fire; for, exclufive of the effect
produced by a given arrangement of the machinery,
—with the fame arrangement, the greater the quan-
tity of food prepared at once, or the larger the boil-
er, (within certain limits however, as will be feen
hereafter,) the lefs in proportion will be the quan-
tity of Fuel required ;—and the faving of Fuel
which arifes from cooking upon a large fcale is very
confiderable. But I fhall take occafion to treat this
part of my fubject more fully elfewhere.

The kitchen in the Houfe of Induftry was finifhed
in the beginning of the year 17go. And much
about the fame time, two other public kitchens
upon a large fcale were erefted at Munich, under
my diretions ; namely, the kitchen belonging to

% Afterwards, on altering the kitchen of the Houfe of Induftry,
and fitting it up on better principles, the Economy of Fuel was car-
ried ftill farther, as will be feen in the fequel of this Effay,

5 the
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the Military Academy, and that belonging to the
Military Hall (as it is called) in the Englifh garden,
in which building near 200 military officers mefled
daily during the annual encampments,—for which
purpofe this building was erected.

There is likewife in the garden, (whichis 6 Eng-
lith miles in circumference,) an inn—a farm-houfe,
and a large dairy; and thefe eftablilhments gave
me an opportunity of conftruting no lefs than four
other kitchens ;—namely, two for the inn, one for
the farm-houfe, and one for the ufe of the dairy.
And the ufes for which thefe different kitchens
were defigned, and to which they were applied,
were [o various, as not only to include almoft every
procefs of cookery, but alfo to afford opportunities
of performing the fame operations upon very dif-
ferent {cales, and confequently of making many
interefting Experiments relative to the Management
of Heat, and the Economy of Fuel

That I did not negleét thefe opportunities of pur-
fuing, with effet, a fubjeét which had long engaged
my attention, and to which I was much attached,
will readily be believed by thofe who know what ar-
dour a curious fubjec of philofophical inveftigation
is capable of infpiring in an inquifitive mind.

As the Experiments I have made, or caufed to
be made, in the different eftablifhments before men-
tioned, during the fix or feven years that they have
exifted, are extremely numerous; it would take
up too much time to give an account of them in
detail ; I fhall therefore content myfelf with merely

noticing
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noticing the general refults of them, and mention.
ing more particularly only fuch of them as appear
to me to be moft important. And in regard to the
peculiar conftruction of the different kitchens above
mentioned, as moft of them have undergone many
alterations, and as no one of them remains exactly
in the fame ftate in which it was firft conftruéted,
I do not think it neceflary to be very particular in
my account of them ; I fhall occafionally mention
the principles on which they were conftructed, and
the faults I difcovered in them; but when I fhall
come to {peak of thofe improvements which have
ftood the teft of actual experience, and which I can
recommend as being worthy of imitation, I fhall
take care to be very exat and particular in my
delcriptions.

It will not be found very difficult, I fancy, from
what has been faid, to form a pretty juit idea of the
conftruétion of the kitchen in the Houfe of Induftry
above defcribed, even without the help of a plan or
drawing of it. That in the Military Academy was
conftruéted upon a different principle: Inftead of
hcatin;j all the boilers from one and the fame fire-
place, almoft every boiler had its own feparate fire-
place ; and though the boilers were all furnithed
with double covers, fimilar to thofe made ule of in
the kitchen of the Houfe of Induftry, yet there was
“-no attempt made to recover the heat carried off by
the fteam, but it was fuffered to efcape without hin-
drance into the atmofphere ; ; it having been found,
by the experiments made in the Kkitchen of the
Houle
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Houfe of Induftry, that when the Fire is properly
managed, that is to fay, when the heat is but juit
fufficient to keep the liquid boiling hot, or wery
_ gently boiling, the quantity of {team generated is
inconfiderable, and the heat carried off by it
not worth the trouble of faving. Each fire-place
was furnifhed with an iron grate, upon which the
wood was burnt, and the opening into the fire, as
well as that which communicated with the afh-pit,
had in each its feparate iron door.

Finding afterwards that the iron door which
clofed the opening by which the wood was intro-
duced into the fire-place, was much heated, and
confequently that it caufed a confiderable lofs of
heat by communicating it to the cold atmofphere
with which it was in conta ; in order to remedy
this evil without incurring the expence of double
doors, the iron door was removed, and in its
ftead was placed a hollow cylinder, or rather trunc-
ated cone, of burnt clay or common earthen-ware,
which cone was 4 inches long, 6 inches in diameter
internally, and 8 inches in diameter externally, at its
larger end or bafe ; and g% inches in diameter in-
ternally, and 7 inches in diameter externally, at
its fmaller end : And being firmly fixed, with its
axis in an horizontal pofition, and its larger end
or bafe outwards, in the middle of the opening
leading to the fire-place, and being well united
with the folid brick-work by means of mortar, the
cavity of this cone formed the opening by which
the wood was introduced into the fire-place. This

cavity
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cavity being clofed with a fit ftopper of earthen-
ware, as earthen-ware 15 a non-conductor of heat,
or as heat cannot pafs through it but with great
difficulty, and very flowly, the external furface of
this cone and its ftopper were never much heated,
confequently the quantity of heat they could com-
municate to the atmolphere was but very trifling.
This contrivance was afterwards rendered much
more fimple, by fubftituting, inftead of the hollow
cone, a tile, 10 inches Iquare, and about 21 inches
thick, with a conical hole in its center, 6 inches in
diameter externally, and 5% inches in diameter
within, provided with a fit baked earthen ftopper.
(See the Figures, N°6, 7, and 8. Plate L)

A perforated {quare tile is preferable to a hollow
cylinder for forming a paflage into the fire-place;
not only becaufe it is cheaper, {tronger, and more
durable, but alfo becaufe it may, on account of its
form, be more eafily and more firmly fixed in its
place, and united with the reft of the brick-work.

If proper moulds be provided for forming thefe
perforated tiles and their {toppers, they may be
afforded for a mere trifle. In Munich they are
made of the very belt earth, by the Elettor’s pot-
ter, and they coft no more than 24 creutzers, or
fomething lefs than g d. fterling, for a tile with its
ftopper. I had feveral made of fand-flone by a
{tone-cutter, but they coft me 1 florin and 30
creutzers, or about 2s. gd. fterling each.

Though thofe made of {tone anfwered perfectly

well, yet I found them not better than thole made
' of
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of earthen-ware ; and as thefe laft are much cheap-
er, and I believe equally durable, they ought cer-
tainly to be preferred. That the ftopper may be
'made to fit with accuracy the hole it is intended to
clofe, (which is neceflary, as will be feen hereafter,)
they may be ground together with fine fand moift-
ened with water.

Senfible, from the beginning, of the great im-
portance of being ablolutely mafter of the air which
is admitted into the fire-place to feed the Fire, fo as
ro be able to admit more or lefs at pleafure, or to
exclude it entirely ; I took care, in all my fire-
places, to clofe very exactly the paflage into the ath-
pit by a door carefully fitted to its frame, the air
being admitted through a femicircular opening fur-
nithed with a regifter in the middle of this door.
JT'his contrivance (which admits of no further im-
provement) is indifpenfably neceflary in all well-
conftrutted fire-places, great or fmall. (See the
Figures from Fig. g to Fig. 16. Plate I.)

Having occafion, in the courfe of my arrange-
ments, to make ufe of a great number of boilers,
and often of feveral boilers of the fame dimenfions,
I availed myfelf of that circumftance to determine,
by actual experiments, the beft form for boilers, or
that form which, with any given capacity, fhall be
beft adapted for faving Fuel.

‘T'wo or more boilers of the fame capacity, but
of different forms, conflruéted of fheet copper of
the fame thicknefs, were placed in clofed fire-places,
conftructed as nearly as poffible upon the fame

principles,
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principles, and were ufed for a length of time in
the fame culinary procefles ; and the quantity of
Fuel confumed by each being noted, the compa-
rative advantages of their different forms were afs
certained. Some of thefe boilers were made deep
and narrow j—others wide and {hallow ;—there
were fome with flat bottoms ; others of a globulay
form ; and others again with their bottoms drawn
inward like the bottom of a common glafs bettle.
The refults of thefe inquiries were very curious, and
led me to a moft interefting difcovery :—They
taught me not only what forms are beft for boilers;
but alfo (what is ftill more interefting) wéhy one
form is preferable to another:—They gave me
much new light with relpect to the manner in
which flame and hot vapour part with their heat 3
and fuggefted to me the idea of a very important im-
provement in the internal conftruction of fire-
places, which I have fince put in practice with great
fuccefs.
But in order to be able to explain this matter in
a clear and fatisfaltory manner, and to render it
eafier to be underftood by thofe who have not been
much converfant in inquiries of this kind, it will be
neceflary to go back a little, and to treat the fubjet
under confideration in a more regular and fcientific
manmnet. g
Though it was not my intention originally to
write an elementary treatife on Heat, yet, as the firft
or fundamental principles of that fcience are necef-
far}r to bn known, in order to cftablith upen folid
6 grounds
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grounds the practical rules and directions relative
to the management of Heat which will hereafter be
recommended, it will not, I truft, be deemed either
improper or fuperfluous, to take a more extenfive
view of the fubjet, and to treat it methodically,
and at fome length.

I have perhaps already expofed myfelf to cri-
ticifm, by paying fo little attention to method in
this Effay, as to poltpone fo long the inveltigation
of the elementary principles of the fcience I have
undertaken to treat.—It may be thought that the
part of the fubjet I am now about to confider
{hould have preceded all other inveftigation ;—that
inftead of occupying the middle of my book, it
ought to have bgen difcuffed in the Introdudtion,
or at leaft to have been treated in the beginning of
the firft chapter :~~But if I have been guilty of a
fault in the arrangement of my fubjeét, it has arifen,
not from inattention, but from an error of judg-
ment. Defirous rather of writing an w/efud book,
than of being the Author of a fplendid performance,
I have not fcrupled to tranfgrefs the eftablithed rules
of elegant compofition in all cafes where I thought it
would contribute to my main defign, public utility :
—And well aware that my book, in order to its
being really ufeful, muft be read by many who have
neither time nor patience to labour through an ele-
mentary treatife upon fo abitrufe a fubjet, I have
endeavoured to decoy my reader into the fituation
in which I with him to be placed, in order to his
having a complete view of the profpect 1 have pre-

VOL. II. D pared
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pared for him, rather than to force him into it. If
I have ufed art in doing this, he muft forgive me;

my defign was not only innocent, but fuch as ought
to entitle me to his thanks and to his efteem. I

wifhed to entice him on as far as pofiible, without
letting him perceive the difficulties of the road ; and
now that we have come on together fo far, and are
{o near our journey’s end, I hope and truft that he
will not leave me.—To proceed therefore—



and the Economy of Fuel. “ag

CHAP IL

Of the GENERATION OF HEAT in the CoMBUSTION
of FueL.—Without knowing what Heat really
is, the Laws of its Action may be .!.}Iﬂﬁjf?fc{f?f{ d. —=
Probability that the Heat gencrated in the Combuf-
tion of Fuel is ﬁzr?z{ﬂwd by the Air, and not by the
Fuel —Effects of blowing a Fire explamned.—Of
Fire-places in which the Fire is made to blow itf2lf.
—Of Air-furnaces.—Thefe Fire-places illufiraied
by a Lamp on Argand’s Principle.—Great Import-
ance of being able to regulate the Quantity of Air
which enters a clofed Fire-place.—Utility of Damp-
ers in the Chimnies of clofed Fire-places.— General
Rules and Directions for confirucling clofed Fire-
places ; with a full Explanation of the Principles
on which thefe Rules are founded.

WITHGUT entering into thofe abftrufe and moft

difficult inveftigations refpecting the Na-
ture of Fire, which have employed the atten-
tion and divided the opinions of fpeculative philo-
fophers in all ages ;—without even attempting to
determine whether there be fuch a thing as an 4g-
neous fluid, or not ;—whether what we call Heat be
occafioned by the accumulation, or by the increafed
action of fuch a fluid ;——or whether it arifes merely

from an increafed motion in the component par-
D 2 ticles
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ticles of the body heated, or of fome elaftic fluid by
which thofe particles are fuppofed to be furround-
ed, and upon which they are fuppoled to aét, or by
which they are fuppoled to be ated upon : —In
fhort, without bewildering myfelf and my reader
in this endlefs labyrinth of darknefs and uncer-
tainty, I fhall confine my inquiries to objetts more
ufeful, and which are clearly within the reach of
human inveftigation ; — namely, the difcovery of
the fenfible properties of Heat, and of the moft
advantageous methods of generating it, and of di-
recting it with certainty and effect in thofe various
procefles in which it is employed in the economy
of human life. '

Though I do not undertake to determine wwhat
Heat really is, nor even to offer any opinions or
conjectures relative to that fubjeét; yet as Heat is
evidently fomething capable of being excited or
cenerated, increafed or accumulated, meafured
and transferred from one body to another ; in treat-
ing the fubject, I fhall fpeak of it as being gene-
rated, confined, direcled, difperfed, &c.; it being
neceflary to ufe thefe terms in order to make myfelf
underftood.

Though it is not known exaély bow much Heat
it is poffible to produce in the combuftion of any
given quantity of anv given kind of Fuel, yet it is
more than probable that the quantity depends in a
great meafure on the Management of the Fire.
It is likewile probable —I might fay certain—that
the Heat produced is furnithed, not merely by the

Fuel,
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Fuel, but in a great meafure, if not entirely, by
the air by which the Fire is fed and fupported.
Itis well known that air is neceflary to combuftion;
it 1s likewife known that the pure part of common
atmofpheric air, or that part of it (amounting to
about - of its whole volume) which alone is capable
of fupporting the combuftion of inflammable bo-
dies, undergoes a remarkable change, or is actually
decompofed 1n that procefs ; and as in this decompo-
fition of pure air a great quantity of heat is known
to be fet loofe, or to become redundant, it has been
fuppofed by many, (and with much appearance of
probability,) that by far the greater part, if not all
the heat produced in the combuftion of inflammable
bodies, is derived from this fource.

But whether it be the air or the Fuel which fur-
nifhes the heat, it feems to be quite certain that the
quantity furnifhed depends much upon the Ma-
nagement of the Fire, and that the quantity 1s greater
as the combuftion or decompofition of the Fuel is
more complete. In all probability, the decompo-
fition of the air keeps pace with the decompofition
of the Fuel.

It 1s well known that the confumption of Fuel is
much accelerated, and the intenfity of the heat
augmented, by caufing the air by which the com-
buftion is excited, to flow into the fire-place in a
continued ftream, and with a certain degree of ve-
locity. Hence, blowing a fire, when the current of
air is properly diretted, and when it is not too
ftreng, ferves to accelerate the combuftion, and to

' D 3 increafe
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increafe the heat; but when the blaft is improperly
directed, it will rather ferve to derange and to m-
pede the combuftion than to forward it; and when
it is too ftrong, it will blow the Fire quite out, or
totally extinguith it.  There is no fire, however in-
tenfe, but may be blown out by a blaft of air, pro-
vided it be fufficiently ftrong, and that as infallibly
as by a ftream of cold water. Even gun-powder;
the moft inflammable perhaps of known fubftances,
may be atually on fire at its furface, and yet the
Fire may be blown out and extinguifhed before the
grain of powder has had time to be entirely con-
fumed.

This fact, however extraordinary and incredible -
it may appear, 1 have proved by the moft unex-
ceptionable and conclufive experiments.

Fire-places may be fo conftructed that the Fire
may be made to blow itlelf, or—which is the fame
-thing—to caufe a current of air to flow into the
‘Fire: And this is an object to which the greateft
attention ought to be paid in the conftruétion of all
fire-places where it is not intended to make ufe of
an artificial blaft from bellows for blowing the Fire.
Furnaces conftructed upon this principle have been
called air-furnaces ; but every fire-place, and par-
ticularly every clofed fire-place, ought to be an
air-furnace, and that even were it intended to ferve
only for the fmalleft faucepan, otherwife it cannot
be perfect.

An Argand’s lamp is a fire-place upon this con-
{truction ; for the glafs tube which furrounds the

wick
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wick (and which diftinguifhes this lamp from all
others) ferves merely as a blower. The circular
form of the wick is not effential ; for by applying
a flatted glafs tube as a blower to a lamp with a flat
or riband wick, it may be made to give as much
light as an Argand’s lamp; or at lealt quite as
much in proportion to the fize of the wick, and to
the quantity of oil confumed, as I have found by
actual experiment.

But it is not the light alone that is increafed in
confequence of the application of thefe blowers;—
the heat allo 1s rendered much more intenfe ;-—and
as the heat of any fire may be increafed by a fimilar
contrivance, on that account it is that I have had
recourfe to thefe lamps to affiit me in explaining
the fubjet under confideration. In thefe lamps
the fire-place is clofed on all fides, and the current
of air which feeds the Fire rifes up perpendicularly
from below the fire-place into the Fire. By fur-
rounding the Fire on all fides by a wall, the cold
atmofphere is prevented from rufhing in laterally
from all quarters to fupply the place of the heated
air or vapour, which, in confequence of its in-
creafed elafticity from the heat, continually rifes
from the Fire, and this caufes the current of
air below (the only quarters from which it can
with advantage flow into the Fire) to be very
{trong.

. But in order that a fire-place may be perfed, it
fhould be fo contrived that the combuftion of the
Fuel, and the generation of the heat, may occa-

D 4 fionally
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fionally be accelerated or retarded, without addin®
to or diminifbing the quantity of Fuel; and, when
the fire-place is clofed, this may eafily be done by
means of a regiffer in the door which clofes the paf-
fage leading to the afh-pit ;—for, as the rapidity of
the combuftion depends upon the quantity of air
by which the Fire is fed, by opening the regifter
more or lefs, more or lefs air will be admitted into
the fire-place, and confequently more or lefs Fuel
will be confumed, and more or lefs heat generated
in any given time, though the quantity of Fuel
in the fire-place be actually much greater than
what otherwile would be fufficient.—Fig. g. fhews
the form of the regifter I commonly ufe for this
purpofe.

In order that this regifter may produce its pro-
per effect, a valve, or a damper, as it is commonly
called, fhould be placed in the chimney or canal
by which the fmoke is carried off; which damper
thould  be opened more or lefs, as the quantity of
«air is greater or lefs which is admitted into the fire-
place. This regifter and this damper will be found
very ufeful in another refpect, and that 1s, in put-
ting out the Fire when there is no longer an occa-
fion for it ; for, upon clofing them both entirely,
the Fire will be immediately extinguifhed, and the
half-confumed Fuel, inftead of being fuffered to
burn out to no purpofe, will be faved.

Nearly the fame effe@ts as are produced by a
damper may be produced without one, by caufing
the fmoke, after it has quitted the fire-place, to

. defcend
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defcend feveral feet below the level of the grate on
which the Fuel is burned, before it is permitted to
go up the chimney.

There is another circumftance of much import-
ance which muft be attended to in the conftruétion
of fire-places ; and that is, the proper difpofition of
the Fuel; for in order that the combuftion may go
on well, it is neceflary, not only that theFuel be in its
proper place, but allo that it be properly difpofed ;
—that is to fay, that the folid parts of the Fuel be
of a julft fize, and that they be not placed too near
each other, fo as to prevent the free paffage of the
air between them, nor too far aflunder ; and if the
fire-place can be fo contrived, that folid pieces of
the inflamed Fuel, as they go on to be diminifhed
in fize as they burn, may naturally fall together in
the center of the fire-place without any affiftance, it
will be a great improvement, as I have found by
experiences This may be done, in fmall fire-places,
(and in thefe it is more particularly neceffary,) by
burning the Fuel upon a grate in the form of a
fegment of a hollow fphere, or of a dith. (See the
Figures 3 and 4. Plate I.) - All thofe I now ufe,
except it be for fire-places which are very large in-
deed, are of this form ; and where wood 1s made
ufe of for Fuel, it is cut into fmall billets from 4
to 6 inches in length. Inftead of a grate of iron,
I have lately introduced grates, or rather hollow
difhes or pans, of earthen ware, perforated with a
great number of holes for giving a paflage to the
air.

Thefe
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Thefe perforated earthen pans, which are made
very thick and {trong, are incomparably cheaper
than iron grates ; and judging from the experience
I have had of them, I am inclined to think they
anlwer even better than the grates; indeed it ap-
pears to me not difficult to aflign a reafon why
they ought to be better.

For large fire-places L have fometimes ufed
grates, the bars of which were common bricks
placed edgewile, and thefe have been found to
aniwer very well.

As only that part of the air which, entering the
fire-place in a proper manner, and in a juft quan- -
tity, and coming into a¢tual contact with the burn-
ing Fuel, is decompofed, contributes to the genera-
tion of heat; it is evident that all the air that
finds its way into the fire-place, and out of it again,
without being decompofed, is a thief ;—that it not
only contributes nothing to the heat, but being itfelf
heated at the expence of the Fire, and going off
hot into the atmofphere by the chimney, occafions
an actual lofs of heat; and this lofs is often very
confiderable, and the prevention of it is fuch an
objeét, that too much attention cannot be paid to
it in the conftruétion of fire-places.

When the fire-place is clofed on all fides by a
wall, and when the opening by which the Fuel is
introduced is kept clofed, no air can prefs in late-
.rally upon the Fire; but yet, when the grate is
Jarger than the heap of burning Fuel, which muft
often be the cafe, a great quantity of air may in-

) finuate
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finuate itfelf by the fides of the grate into the fire«
place, without going through the Fire : But when,
inftead of an iron-grate, a perforated hollow earthen
pan is ufed, by making the bottom of the pan of a
certain thicknefs, 2, 3, or 4 inches, for inftance,
and making all the air-holes point to one common
center, (to the focus or center of the Fire,) this fur-
tive entrance of cold air into the fire-place will, in
a great meafure, be prevented.

This evil may likewife be prevented when circu-
lar hollow iron grates are ufed, by narrowing the
fire-place immediately under the grate, in the form
of an inverted, truncated, hcllow cone, the open-
ing or diameter of which above being equal to the
internal diameter of the circular rim of the grate,
and that below (by which the air rifes to enter the
fire-place) about one-third of that diameter. (See
the Figure g. Plate 1) This opening below,
through which the air rifes, muft be immediately
under the center of the grate, and as near to it as
poffible ; care muft be taken, however, that a finall
fpace be left between the outfide or underfide of
the iron bars which form the hollow grate, and the
infide furface of this inverted hollow cone, in order
that the athes may {lide down into the afh-pit.

As to the form and fize of the afh-pit, thele
are matters of perfect indifference, provided, how-
ever, that it be large enough to give a free paflage
to the air neceffary for feeding the Fire, and that
the only paflfage into it, by which air can enter, is
clofed by a good door furnithed with a regifter.

5 The
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The neceflity of being completely mafter of the
pailage, by which the air enters the fire-place, has
already been fufficiently explained.

It is perhaps unneceflary for me to obferve, that
where perforated earthen pans are ufed inftead of
iron grates, the air-holes in the pans ought to be
rather {maller above than below, in order that they
may not be choaked up by the {mall pieces of coal,
and the afhes which occafionally fall through them
into the ath-pit.

One great advantage attending fire-places on the
conftruction here propofed, is, that they ferve
equally well for every kind of Fuel. Wood, pit-
coal, charcoal, turf, &c. may indifferently be ufed,
and all of them with the fame facility, and with the
fame advantages ; or any two, or more, of thefe
different kinds of Fuel, may be ufed at the fame
time without the fmalleft inconvenience ;—or the
Fire having been lighted with dry wood, or any
other very inflammable material, the heat may af-
terwards be kept up by cheaper or more ordinary
Fuel of a more difficult and flow combuftion. —
Some kinds of Fuel will perhaps be found moft ad-
vantageous for making the pot boil, and others
for keeping it boiling; and a very confiderable
faving will probably be found to refult from paying
due attention to this circumftance. When the
fire-place is fo contrived as to ferve equally well for
all kinds of Fuel, this may be done without the

leaft difficulty or trouble.
) I have
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I have jult fhown, that narrowing that part of
the fire-place which lies below the grate, ferves to
make the air enter the fire in a more advantageous
manner. This conftrution has another advan-
tage, perhaps {till more important ; the heat which
is projected downwards through the openings be-
tween the bars of the grate, inftead of being per-
mitted to efcape into the afh-pit, (where it would
be loft,) ftriking againft the fides of this inverted
hollow cone, it is there ftopped, and afterwards rifes
into the fire-place again with the current of air
which feeds the Fire, or it is immediately reflected
by this conical furface, and, after two or three
bounds from fide to fide, is thrown up againit the
bottom of the boiler.

But in order to be able to form a clear and
diftin&t idea upon this fubje, it is neceffary to
examine with care all the circumftances attending
the generation of heat in the combuftion of in-
flammable bodies, and to fee in what manner, or
under what form, the heat generated manifefts it-
felf, and how it may be colleCted, accumulated,
confined, and directed.

"This opens a wide field for philofophical inquiry ;
but as thefe inveftigations are not only curious and
entertaining, but alfo ufeful and important in a
high degree, 1 truft my reader will pardon me for
requelting his particular attention while 1 endeavour
to do juftice to this moft interefting, but, at the
fame time, moft abftrufe and moft difficult part of
the fubject I have undertaken to treat.

The .
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The heat generated in the combuftion of Fuel
manifefts itfelf in two ways ; namely, in the hot va-
pour which rifes from the Fire, with which it may
be faid to be combined, and in the calorific rays
which are thrown off from the Fire in all direc-
tions.—Thefe rays may, with greater propriety, be
faid to be calorific, or capable of gencrating beat, in
any body by which they are fopped, than to be
called hot; for when they pafs frecly through any
medium, (as through a mafs of air, for inftance,)
they are not found to communicate any heat what-
ever to fuch medium ; neither do they appear to
excite any confiderable degree of heat in bodies
from whofe furfaces they are refletted ; and in thefe
refpetts they bear a manifeft refemblance to the
rays emitted by the {un.

What proportion this radiant beat (if I may be
allowed to ufe fo inaccurate an expreflfion) bears to
that which goes off from burning bodies in the
fmoke and heated vapour, is not exaltly known ;
it is certain, however, that the quantity of heat
which goes off in the heated elaftic fluids, vifible
and invifible, which rife from a Fire, is much
greater than that which all the calorific rays united
would be capable of producing. But though the
quantity of radiant beat is lefs than that exifting in
the hot vapour, {and which, for the fake of diftinc-
tion, may be called combined beat,) the former is
ftill much too confiderable to be neglected.

That the heat generated, or excited, by the calo-

yific rays which proceed from burning bodies, is in
fact
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f2¢t confiderable, is evident from the heat which is
felt in a room warmed by a chimney Fire ; for as
all the heat, combined with the fmoke and hot va-
pour, goes up the chimney, it is certain that the
increafe of heat in the room, occafioned by the Fire,
1s entirely owing to the calorific rays thrown into
it from the burning Fuel.

The activity of thefe rays may be fhown in va-
rvious ways, but in no way in a more ftriking man-
ner than by the following fimple Experiment :
When the Fire burns bright upon the hearth, let
the arm be extended in a {traight line towards the
center of the Fire, with the hand open, and all the
fingers extended and pointing to the Fire. If the
hand is not nearer the Fire than the diftance of
two or three yards, except the Fire be very large
indeed, the heat will fcarcely be perceptible ; but
if, without moving the arm, the wrift be bent up-
wards fo as to prefent the infide or flat of the hand
perpendicular to the Fire, the heat will not only be
very fenfibly felt, but, if the Fire be large, and if it
burns clear and bright, it will be found to be fo
intenfe as to be quite infupportable.

It is not, however, burning bodies alone that
emit calorific rays. All bodies,—thofe which are
fixed and incombuftible, as well as thofe which are
inflammable,—fluids as well as {olids,—are found
to throw off thefe rays in great abundance, as foon
as they are heated to that degree which is neceflary
to their becoming luminous in the dark, or till
they are red-hot.

Bodies
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Bodies even which are heated to a lefs degree than
that which is neceffary to their emitting vifib/e light,
fend off calorific rays in all direfions. This is a
matter of fact, which has been proved by experi-
ment. Do all bodies, at all temperatures,—freez-
ing mercury as well as melting iron,—contin ually
emit thele rays in greater or lefs quantities, or with
greater or lefs velocities ’~Are bodies cooled in
confequence of their emitting thefe rays?—Do
thefe calorific rays always generate heat, even when
the body, by which they are ftopped or abforbed,
1s hotter than that from which the rays proceed-
ed '—But I forget that I promifed not to involve
mylelf in abftrufe fpeculation.—To return then :—
‘Whatever may be the nature of the rays emitted
by burning Fuel, as one of their known properties is
to generate heat, they ought certainly to be very
particularly attended to in every arrangement in
which the Economy of Heat, or of Fuel, is a prin-
cipal objeét in view.

As thefe calorific rays generate heat in the body
by which they are flopped or abforbed, and not in the
medium through which they pafs, it is neceffary to
difpofe thofe bodies which are defigned for ftopping
them, in {fuch a manner that they may eafily and
meceffarily communicate the heat they thus acquire
to the body upon which it is intended that it fhould
operate.

The clofed fire-places which I have recommend-
ed, and which will hereafter be more particularly

deferibed, will anfwer this purpofe completely.
The
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The Fire being clofed in thefe fire-places, on every
fide, as well below the grate as laterally, and in
fhort every where, except where the bottom of the
boiler prefents itfelf to the Fire, none of thefe rays
can pofibly efcape ; and as the materials of which
the fire-place is conftruéted, (bricks and mortar,)
are bad conductors of heat, but a fmall part of the
heat generated in the combuftion of the Fuel will
be abforbed and tranfmitted by them into the inte-
rior parts of the wall, there to be difperfed and
loft. But the confining of heat is a matter of fuf-
ficient importance to deferve being treated in 2 fe-
parate Chapter,

VOL. 11, E
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€ HASP] R

Of the Means of conriniNG HEAT, and DIRECT-
ive 115 OperaTrions.—Of Condultors and Non-
conduclors of Heat.— Common Atmofpheric dir a
gosd Non-conduclor of Heat, and may be employed
with grear Advantage for confining it —is employed
by Nature for that Purpefe, in many Inflances—is
the principal Caufe of the Warmth of Natural and
Artificial Clothing—is the fole Caufe of the Warmth
of Double Windows.—Great Utility of Double

- Windows and Double Walls —they are equally ufe-
Jful in Hot Countries as in Cold.—ALL ELASTIC
Fruips Non-conduclors of Heat.—STEAM proved
by Experiment 1o be a Non-conductor of Heat—
¥YLAME is alfo @ Non-conductor of Heat.

HAT Heat paffes more freely through fome
bodies than through others, is a fact well
known ; but the caufe of this difference in the
conduéting powers of bodies, with refpect to Heat,
has not yet been difcovered.

The utility of giving a wooden handle to a tea-
pot or coffee-pot of metal, or of covering its metallic
handle with leather, or with wood, is well known :
But the difference in the conduéting powers of va-
rious bodies with regard to Heat, may be fhown by
2 great number of very fimple experiments ;—fuch

as
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as are in the power of every one to make at all
times and in all places, and almoft without either
trouble or expence.

If an iron nail and a pin of wood, of the fame
form and dimenfions, be held fucceffively in the
flame of a candle, the difference in the condutting
powers of the metal and of wood will manifelt it-
felf in a manner in which there will be no room
left for doubt. As foon as the end of the nail,
which is expofed in the flame of the candle, begins
to be heated, the other end of it will grow fo hot as
to render it impoflible to hold it in the hand with-
out being burnt ; but the wood may be held any
length of time in the fame fituation without the leaft
inconvenience ; and, even after it has taken fire,
it may be held till it is almoft entirely confumed ;
for the uninflamed wood will not grow hot, and,
till the flame adtually comes in conta&t with the
fingers, they will not be burnt. If a fmall flip or
tube of glafs be held in the flame of the candle in
the fame manner, the end of the glafs by which it
is held will be found to be more heated than the
wood, but incomparably lefs fo than the pin or nail
of metal ;—and among all the various bodies that
can be tried in this manner, no two of them will
be found to give a paffage to Ileat through their
fubftances with exactly the fame degree of faci-
lity *.

To

* To thow the relative condulting power of the different metals,

Doétor Ingenhouz contrived a wery pretty experiment, He took
E2 equal
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To confine Heat is nothing more than to prevent
its efcape out of the hot body in which it exifts,
and in which it is required to be retained ; and this
can only be done by furrounding the hot body by
fome covering compofed of a fubftance through
which Heat cannot pafs, or through which it paffes
with great difficulty. If a covering could be found
perfectly impervious to Heat, there is reafon to be-
lieve that a hot body, completely furrounded by it,
would remain hot for ever ; but we are acquainted
with no fuch fubftance ; nor is it probable that any
fuch exifts.

Thofe bodies in which Heat pafles freely or ra-
pidly, are called Conductors of Heat ; thofe in which
it makes its way with great difficulty, or very flow-
ly, Non-cendudlors, or bad Conductors of Heat. The
epithets, good, bad, indifferent, excellent, &c. are
applied indifferently to conducfors and to non-con-
ductors. A good conductor, for inftance, is one in
which Heat paffes very freely ; a good non-con-
ductor is one in which it pafles with great difficulty;
and an indifferent conductor may likewife be called,
without any impropriety, an indifferent non-con-
ductor.

equal cylinders of the different metals, (being ftraight pieces of ftout
wire, drawn through the fame hole, and of the fame length,) and,
dipping them into melted wax, covered them with a thin coating of
the wax, He then held one end of each of thefe cylinders in boiling
water, and obferved how far the coating of wax was melted by the
Heat communicated through the metal, and with what celerity the
Heat paffed,

Thofe
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Thofe bodies which are the worft conduétors, or
rather the beft non-conduftors of Heat, are beft
adapted for forming coverings for confining Heat.

~ All the metals are remarkably good conduétors
of Heat ;—wood, and in general all light, dry, and
fpungy bodies, are non-conduétors: Glafs, though
a very hard and compact body, is a non-conduétor.
Mercury, water, and liquids of all kinds, are con-
duttors; but air, and in general all elaftic fluids,
fteam even not excepted, are non-conductors.

Some experiments which I have lately made, and
which have not yet been publithed, have induced
me to fufpect, that swater, mercury, and all other
non-elaftic fluids, do not permit Heat to pafs
through them from particle to particle, as it un-
doubtedly pafles through folid bodies, but that
their apparent condulting powers depend eflen-
tially upon the extreme mobility of their parts; in
fhort, that they rather #ranfport Heat than allow it
a paflage. But I will not anticipate a fubject which
I propofe to treat more fully at fome future
period.

The condutting power of any folid body in one
folid mafs, is much greater than that of the fame
body reduced to a powder, or divided into many
{maller pieces : Aniron bar, or an iron plate, for
inftance, isa much better conductor of Heat than
iron filings ; and faw-duft is a better non-conductor
than wood. Dry wood-afhes is a better non-con-
ductor than either ; and very dry charcoal reduced
to a fine powder is one of the beft non-conduétors

E3 known ;
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known ; and as charcoal is perfe&tly incombulftible
when confined in a {pace where frefh air can have
no accefs, it is admirably well calculated for form-
ing a barrier for confining Ieat, where the Heat to
be confined is intenfe.

But among all the various fubftances of which
coverings may be formed for confining Heat, none
can be employed with greater advantage than com-
mon atmofpheric air. 1t is what Nature employs
for that purpofe ; and we cannot do better than to
imirtate her.

The warmth of the wool and fur of beafts, and
of the feathers of birds, is undoubtedly owing to
the air in their interftices; which air, being
{trongly attracted by thefe fubftances, is con-
fined, and forms a barrier which not only prevents
the cold winds from approaching the body of the
animal, but which oppofes an almoft infurmount-
able obftacle to the efcape of the TIeat of the animal
into the atmofphere. And in the fame manner the
air in fnow ferves to preferve the Heat of the earth
in winter. The warmth of all kinds of artificial
clothing may be thown to depend on the fame
caufe ; and were this circumitance more generally
known, and more attended to, very important im-
provements in the Management of Heat could not
fail to refult from it. A great part of our lives is
fpent in guarding ourfelves again{t the extremes of
heat and of cold, and in operations in which the
ufe of Fire is indifpenfable ; and yet how little
progrefs has been made in that moft ufeful and

moft
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moft important of the arts,-—the Management of
Heat !

Double windows have been in ufe many years
in moft of the northern parts of Europe, and their
great utility, in rendering the houles furnifhed with
them warm and comforitable in winter, is univer-
fally acknowledged,—but I have never beard that
any body has thought of employing them in hot
countries to keep their apariments cool in fums
mer ; —yet how ealy and natural is this application
of fo fimple and fo ufeful an invention!—If a
double window can prevent the Heat which is in a
room from pafling out of it, one would imagine it
could require no great effort of genius to difcover
that it would be equally efficacious for preventing
the Heat without from coming iz. But natural as
this conclufion may appear, I believe it has never
yet occurred to any body ; at lealt, I am quite cer-
tain that I have never feen 2 double window either
in Italy, or in any other hot country I have had oc-
cafion to vifit,

But the utility of double windows and double
walls, in hot as well as in cold countries, is a mat-
ter of fo much importance that I fhall take occafion
to treat it more fully in another place. In the
mean time, 1 thall only obferve here, that it is the
confined air thut up between the two windows, and
not the double glafs plates, that renders the paffage
of Heat through them fo difficelt. Were it owing
to the increafed thicknefs of the glafs, a fingle pane
of glafs twice as thick would anfwer the fame pur-

E 4 pofe;
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pofe ; but the increafed thicknefs of the glafs of
which a window is formed, is not found to have
any fenfible effet in rendering a room warmer.
But air is not only a non-conduétor of Heat, but
its non-conducting power may be greatly increafed.
To be able to form a juft idea of the manner in
which air may be rendered a worfe condufor of
Heat, or, which is the fame thing, a better non-
conduétor of it than it is in its natural unconfined
ftate, it will be neceflary to confider the manner in
which Heat paffes through air. Now it appears,
from the refult of a gumber of Experiments which
I made with a view to the inveftigation of this fub-
ject, and which are publifhed in a Paper read be-
fore the Royal Society *, that though the particles
of air, each particle for itfelf, can receive Heat from
other budies, or communicate it to them, yet there is
no communication of Heat between one particle of
air and another particle of air. And from hence it
follows, that though air may, and certainly does,

carry off Heat, and tranfport it from one place, or
from one body to another, yet a mafs of air in a

quiefcent ftate, or with all its particles at reft,
could it remain in this jflate,—would be totally im-
pervious to Heat ; or fuch a mafs of air would bea
perfect non-conducétor.

Now if Heat pafles in a mafs of air merely in con-
fequence of the motion it occafions in that air,—if

it is tranfperted,—nat fuffered to pafs,—in that cafe,

# See the Philofophical Tranfaftions, 1792,

it -
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it is clear that whatever can obftru& and impede
the internal motion of the air, muft tend to dimi-
nifh its conduéting power : And this I have found
to be the cafe in fact. 1 found that a certain quan-
tity of Heat which was able to make its way through
a wall, or rather a fheet of confined air £ an inch
thick in g minutes, required 213 minutes to make
its way through the fame wall, when the internal
motion of this air was impeded by mixing with it
- part of its bulk of eider-down,—of very fine fur,
or of fine filk, as {pun by the worm.

- But in mixing bodies with air, in order to im-
pede its internal motion, and render it more fit for
confining Heat, fuch bodies only muft be chofen as
are themfelves non-conduétors of Heat, otherwife
they will do more harm than good, as I have found
by experience. 'When, inftead of making ufe of
eider-down, fur, or fine filk, for impeding the inter-
nal motion of the confined air, I ufed an equal
volume of exceedingly fine filver-wire flatted, (be-
ing the ravellings of gold or filver lace,) the paffage
of the Heat through the barrier, fo far from being
impeded, was remarkably facilitated by this addi-
tion ; the Heat pafling through this compound of
air and fine threads of metal much fooner than it
would have made its way through the air alone.

Another circumftance to be attended to in the
choice of a fubftance to be mixed with air, in order
to form a covering or barrier for confining Heat, is
the finenefs or fubtility of its parts; for the finer
they are, the greater will be their furface in propor-

tion
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tion to their folidity, and the more will they impede
the motions of the particles C-f the air. Coarfe
horfe-hair weuld be found to anfwer much worle
for this purpofe than the fine fur 'of a beaver,
though it is not probable that there is any eflential
difference in the chymical properties of thofe two
kinds of hair.

But it is not only the finerels of the parts of a
"fubftance, and its being a non-conduétor, which
render it proper to be employed in the formation
of covering to confine Heat j~—there is flill another
property, more occult, which feems to have great
influence in rendering fome fubftances better fitted
for this ufe than others; and this is a certain at-
traction which fubfifts between certain bodies and
air. The obftinacy with which air adheres to the
fine fur of bealls and to the feathers of birds, is
well known ; and it may ealily be proved that this
attraction muft aflift very powerfully in preventing
the motion of the air concealed in the interftices of
thofe fubftances, and confequently in impeding the
paflage of Heat through them.

Perhaps there may be another {till more hidden
caufe which renders one f{ubftance better than an-
other for confining Heat. I have fhown by a direét
and unexceptionable Experiment, that Heat can
pafs through the Torricellian vacuum *, though
with rather more difficulty than in air (the con-

* Scc my Experiments on Hear, publifhed in the Phllﬁfﬂphjcﬂl
Tranfations, vol. Ixxvi.
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ducting power of air being to that of a Torricel-
lian vacuum as 1000 to 604, or as 1o to 6, very
nearly) ; but if Heat can pafs where there is no air,
it muft in that cale pafs by a medium more {ubtile
than air ;—a medium which molt probably per-
vades all folid bodies with the greateft facility, and
which muit certainly pervade either the glafs or the
mercury employed in making a Torricellian va-
cuum. -
Now, if there exifts a medium more {ubtile than
air, by which Heat may be conducted, is it not pof-
fible that there may exift a certain affinity between
that medium and fenfible bodies ¢ a certain attrac-
tion or cohefion by means of which bodies in gene-
ral, or fome kinds of bodies in particular, may,
fome how or other, impede this medium in its ope-
rations in conducting or tranfporting Heat from one
place to another f—It appeared from the refult of
feveral of my Experiments, of which I have given
an account in detail in my paper before mentioned,
publithed in the year 1786 in the Lxxvith Vol. of
the Philofophical Tranfadtions, that the conducting
power of a Torricellian vacuum is to that of air as
604 to 10co :—but 1 found by a fubfequent Ex-
periment, (fee my fecond Paper on Heat, publithed
in the Philofophical Tranfations for the year
1792,)—that 55 parts in bulk of air, with 1 part
of fine raw filk, formed a covering for confining
Heat, the conducting power of which was to that
of air as §76 to 1284 ; oras 448 to 1coo. Now,
from the refult of this laft-mentioned Experiment,,

it
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it fhould feem that the introduttion into the fpace
through which the Heat pafled, of fo fmall a quan-
tity of raw filk as -« part of the volume, or capa-
city of that fpace, rendered that fpace (which now
contained g5 parts of air and 1 part of filk) more
impervious to Heat than even a Torricellian va-
cuum.—The filk muift therefore not only have
completely deftroyed the conduéting power of the
air, but muft alfo at the fame time have very fenfi-
bly impaired that of the etherial fluid which pro-
bably occupies the interftices of air, and which
ferves to conduct Heat through a Torricellian va-
cuum : For a Torricellian vacuum was a better
conductor of Heat, than this medium, in the pro-
portion of 604 to 448. But I forbear to enlarge
upon this fubject, being fenfible of the danger of
reafoning upon the properties of a fluid whofe ex-
iftence even is doubtful; and feeling that our
knowledge of the nature of Heat, and of the man-
ner in which it is communicated from one body to
another, 1s much too imperfect and obfcure to en-
able us to purfue thefe Ipeculations with any pro-
fpett of {uccefs or advantage.

Whatever may be the manner in which Heat 13
communicated from one body to another, I think it
has been {ufliciently proved that it pafles with great
difficulty through confined air ; and the knowledge
of this fact is very important, as it enables us to
take our meafures with certainty and with facility
for confining Heat, and directing its operations to
ufeful purpoles.

But
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But atmofpheric air is not the only non-condu&or
of Heat. All kinds of air, artificial as well as na-
tural, and in general all elaftic fluids, feam not ex-
cepted, feem to poflefs this property in as high a de-
gree of perfection as atmofpheric air,

That fteam is not a conductor of Heat, I proved
by the following Experiment: A large globular
bottle being provided, of very thin and very tranf-
parent glafs, with a narrow neck, and its bottom
drawn inward fo as to form a hollow hemifphere
about 6 inches in diameter ; this bottle, which was
about 8 inches in diameter externally, being filled

with cold water, was placed in a fhallow difh, or -

rather plate, about 10 inches in diameter, with a
flat bottom formed of very thin fheet brafs, and
raifed upon a tripod, and which contained a {mall
quantity (about ;% of an inch in depth) of water ;
a fpirit lamp being then placed under the middle of
this plate, in a very few minutes the water in the
plate began to boil, and the hollow formed by the
bottom of the bottle was filled with clouds of {team,
which, after circulating in it with furprifing ra-
pidity 4 or § minutes, and after forcing out a good
deal of air from under the bottle, began gradually
to clear up. At the end of 8 or 10 minutes (when,
as I fuppofed, the air remaining with the fteam in
the hollow cavity formed by the bottom of the
bottle, had acquired nearly the fame temperature
as that of the fteam) thefe clouds totally difap-
peared ; and, though the water continued to boil
with the utmofl violence, the contents of this hol-

low
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low cavity became fo perfetly invifible, and fo
lictle appearance was there of fteam, that, had it
not been for the flreams of water which were con-
tinually running down its fides, I thould almoft
have been tempted to doubt whether any fteam
was attually generated.

Upon lifting up for an inftant one fide of the
bottle, and letting in a finaller quantity of cold
air, the clouds inftantly returned, and continued
circulating feveral minutes with great rapidity, and
then gradually difappeared as before. This Expe-
riment was repeated feveral times, and always with
the fame refult; the fteam always becoming vifible
when cold air was mixed with it, and afterwards
recovering its tranfparency when, part of this air
being expelled, that which remained had acquired
the temperature of the fteam.

Finding that cold air introduced under the bottle
caufed the fteam.to be partiaily condenfed, and
clouds to be formed, I was defirous of feeing what
vifible effetts would be produced by introducing a
cold folid body under the bottle. I imagined that
if {team was a conduftor of Heat, fome part of the
Heat in the fteam pafling out of it into the cold
body, clouds would of courfe be formed ; but I
thought if fteam was a non-conductor of Heat,—
that is to fay, if one particle of fleam conld not com-
municate any part of its Heat to its neighbouring par-
ticles, in that cafe, as the cold body could only
affe the particles of fteam afually in contall with

it, no cloud would appear ; and the refult of the
| 5 Expe-
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Experiment thowed that fteam is in fa& a non-con-
ductor of Heat ; for, notwithftanding the cold body
ufed in this Experiment was very large and very
cold, being a folid lump of ice nearly as large as
an hen’s egg, placed in the middle of the hollow
cavity under the bottle, upon a imall tripod or
ftand made of iron wire ; yet as foon as the clouds
which were formed in confequence of the unavoid-
able introdudtion of cold air in lifting up the bottle
to introduce the ice, were diflipated, which foon
happened, the fteam became fo perfectly tranfparent
and invifible, that nor the fmall:f? appearance of
cloudinefs was to be feen any where, not even about
the ice, which, as it went on to melt, appeared as
clear and as tranfparent as a piece of the fineft rock
cryftal.

This experiment, which I firlt made at Florence,
in the month of November 1763, was repeated
feveral times in the prefence of Lord Palmerfton,
who was then at Florence, and Mon{, de Fontana *.

In

% The bottle made ufe of in this Experiment, though it appeared
very ];rg: Extfl'nu[f}', contained but a very [mall quantity of waten,
owing to its bottom being very much drawn inwards, As the hol-
low cavity under the bottom of the bottle (whicl, as I jult obferved,
was nearly in the form of a hemifphere, and 6 inches in diameter)
ferved as a receiver foer confining the fteam, which rofe from the
boiling water in the plate, it may perhaps be imagined that a common
glafs receiver in the ferm of a bell, fuch as are uled in Pneumatical
Experiments, might anfwer as well as this bottie ; I ihﬂugh{ fo my-
felf, but upon making the experiment I found my miftake. A
common receiver will anfwer perfeélly well for confining the ffeam,
but the glals foon becomes [o hot that the diops of water which are
formed upon its internal furface, in coniequance of the condenfation

of the fteam, inflead of running down the fides of the receiver in clear
tranl-
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In thefe Experiments the air was not entirely ex-
pelled from under the bottle; on the contrary, a
confiderable quantity of it remained mixed with
the fteam even after the clouds had totally difap-
peared, as I found by a particular Experiment
made with a view to afcertain that fa¢t; but that
circumftance does not render the refult of this Ex-
periment lefs curious, on the contrary I think it
tends to make it more furprifing. It fhould feem
that neither the mafs of fteam, nor that of air, were
at all cooled by the body of ice which they fur-
rounded, for if the air had been cooled, (in mafs,)
it feems highly probable that the clouds would have
returned. _

TFhe refults of thefe Experiments compared with
thofe formerly alluded to, in which I had endea-
voured to afcertain the moft advantageous forms
for boilers, opened to me an entirely new field for
{peculation and for improvement in the Manage-
ment of Fire. They fhowed me that not only cold
air, but alfo hot air, and hot fteam, and hot mix-
tures of air and fteam, are non-condufors of

Heat ; confequently that the hot vapour which

tranf{parent ftreams, form blotches and ftreaks, which render the glafs
fo opaque that nothing can be feen diftinétly through it ; and this of
courfe completely fruftrates the main defign of the Experiment ; but
cold water in the bottle keeping the glafs cool, the condenfation of
the fteam upon the fides of the hollow caviry formed by the bottom
of the bottle, goes on more regularly, and the ftreams of water which
are continually running down the fides of the glafs, uniting together,
form one tranfparent fheet of water, by which means every thing that

goes on under the bottle may be diftinétly f{een.
6 rifes
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rifes from burning Fuel, and even the flame itfelf,
is @ non-conduclor of Heat.

This may be thought a bold aflertion, but a little
calm refletion, and a careful examination of the
phenomena which attend the combuftion of Fuel,
and the communication of Heat by flame, will thow
it to be well founded ; and the advantages which
may be derived from the knowledge of this fact
are of very great importance indeed. But this
fubject deferves to be thoroughly inveftigated.

YoL. 1. F
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CHAR, IV

Of the MANNER in which HEAT is cCOoMMUNI-
CATED by FLAME to other Bodies.—Flame aéls on
Bodies in the fame Manner as a hot Wind.—The
Effect of a Blow-pipe in increafing the Aétivity of
Flame explained, and illuftrated by Experiments.—
A Knowledge of the Manner in which Heat is
communicated by Flame neceffary in order to deter-
mine the moft advantageous Forms for Boilers.—
General Principles on which Boilers of all Dimen-
Jwons ought be confirucled.

F FLaME be merely vapour, or a mixture of
air and fteam heated red-hot, as air and fteam
are both non-conduétors of heat, there feems to be
no difficulty in conceiving that Flame may, not-
withftanding its great degree of heat, {till retain the
properties of its component fluids, and remain «
non-conductor of heat. "The non-conducting power
of air does not appear to be at all impaired by, be-
ing heated to the temperature of boiling water ;
and I fee no reafon why that property in air, or in
any other elaftic fluid, fhould be impaired by any
augmentation of temperature however great. If
fteam, or if air, at the temperature of 212 degrees
of Fahrenheit’s thermometer, be a nnn-candu&nii-.
iy o
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of heat, why fhould it not remain a non-conduéter
at that of 1000 degrees, or when heated red-hot?
I confefs I do not fee how a body could be deprived
of a property o eflential, without being at the fane
time totally changed ; and I believe nobedy will
imagine that either air or fteam undergo any chy-
mical change merely by being heated to the tempe-
rature of red-hot iron. But without infifting upon
thefe reafonings, however conclufive I may think
them, I {hall endeavour to thow, from experiment
and obfervation, in fhort to prove, that Flame is in
falt a non-conductor of heat. -

Taking it for granted,—what I imagine will not
be denied,—that air is a non-conduétor of heat, at
leaft in the fenfe I have ufed that appellation, I fhall
endeavour to fthow that Flame aéts precifely in the
fame manner as a hot wind would do in commu-
nicating heat, and in no other way ; and if I fuc-
ceed in this, I fancy I may confider the propofition
as fufficiently proved.

The effect of a blaft of cold air in cooling any
hot body expofed to it is well known, and the
caufes of this effet may eafily be traced to that
property of air which renders it a non-condudtor
of heat; for if the particles of cold air in contat
with a hot body, could, with perfect facility, give
the heat they acquire from the hot body to other
particles of air by which they are immediately
furrounded, and thefe again to others, and fo on,
the heat would be carried off as fa/? as the hot body
could part with it, and any motion of the particles

F 2 of
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of the air,—any wind, or blaft, would not fenfibly
facilitate or haften the cooling of the body ; and
by a parity of reafoning it may be thown, that if
Flame were in fatt a perfect condutor of heat, any
cold body plunged into it would always be heated
as faft as that body could reccive beat ; and neither
any motion of the internal parts of the Flame, nor
the velocity with which it impinged againit the cold
body, could have any fenfible effect either to faci-
litate or accelerate the heating of the body. But if
¥Flame be a non-conductor of heat, its action will be
exactly fimilar to that of a hot wind, and confe-
quently much will depend upon the manner in
which it is applied to any body intended to be
heated by it.—Thofe particles of it only which are
in actual contall with the body will communicate
heat to it ; and the greater the number of different
particles of the Flame which are brought into con-
tact with it, the greater will be the quantity of heat
communicated : Hence the importance of caufing
the Flame to impinge with force againft the body to
be heated, and to ftrike it in fuch a manner that its

current may be broken, and that whirlpools may be

formed in it; for the rapid motion of the Flame

<caufes a quick fucceflion of hot particles; and admit-
ting our affumed principles to be true, it is quite evi-
dent that every kind of internal motion among the
particles of the Flame by which it can be agitated,
muft tend very powerfully to accelerate the com-

munication of the heat.
The
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The effet of a blow-pipe is well known, but I
do not think that the manrner in which it increafes
the aétion of Flame, has ever been fatisfattorily ex-
plained. It has generally been imagined, I be-
lieve, that the current of frefh air which is forced
through the Flame by a blow-pipe actually increafes
the quantity of heat ; I rather fuppofe it does little
more than direct the heat aftually exifting in the
Flame to a given point. A current of air cannot
generate heat, without at the fame time being de-
compofed ; and in order to its being decompofed
in a fire, it muft be brought into atual contact
with the burning Fuel, or at leaft with the unin-
flamed inflammable vapour which rifes from it : —
But can it be fuppofed that there can be any thing
inflammable, and not attually inflamed, in the
clear, bright, and perfectly tranfparent Flame of a
wax candle '—A blow-pipe has however as fenfible
an effect, when direéted againft the clear Flame of a
wax candle, as when it is employed to increafe the
ation of a common glafs-workex’s lamp,

Conceiving that the difcovery of the manner in
which the current of air frem a blow-pipe ferves to
increafe the intenfity of the ation of the Flame,
could not fail to throw much light upon the fub-
je&t under confideration,—namely, the inveftiga-
tion of the manner in which heat is communicated
to bodies by Flame,—I made the following Expe-
riments, the refults of which I conceive to be de-
cifive.

F 3 Concluding
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Concluding that the current of air from a blow.
pipe, diretted againft the Flame of any burning
body, could tend to increafe the intenfity of the
action of the Flame only in one or both of thefe two
ways, namely, by increafing its acfion upon the
body againft which it is direfted ; or by actually
increafing the guantity of heat generated in the
combuftion of the Fuel ; a method occurred to me
by which I thought it poflible to determine, by ac-
tual experiment, to which of thefe caufes the effect
in queftion is owing, or how much each of them
might contribute to it. To do this I filled a large
bladder, containing above a gallon, with fixed air,
which, as is well known, is totally unfit for fup-
porting the combuftion of inflammable bodies, and

it Rl
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which, of courfe, could not be fufpefted of adding

any heat to a Flame againft which a current of it
thould be directed ; I imagined therefore that if a
blow-pipe fupplied with this air, on being diretted
again{t the Flame of a candle, fhould be found to
produce nearly the fame effet as when common
air is ufed for the fame purpofe, it would prove to
a demonftration that the augmentation of the in-
tenfity of the action, or activity of the Flame which
arifes from the ufe of a blow-pipe, is owing to the
agitation of the Flame,—to its being directed to a
point,~to the impetuofity with which it is made
to ftrike againft the body which is heated by it,—=
and to the rapid fucceflion of freth particles of this
hot vapour, and not to any pefitive increafe of heat.

' A blow-
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A blow-pipe being attached to the bladder con-
taining fixed air, the end of this pipe was directed
to the clear brilliant flame of a wax candle, which
had juft been fnuffed; and, by comprefling the
bladder, the Flame was projected againft a fmall
tube of glafs, which was very foon made red-hot,
and even melted.

Having repeated this experiment feveral times,
and having found how long it required to melt the
tube when the Flame of the candle was forced
againft it bv a blalt of fixed air, I now varied the
experiment, by making ufe of common atmofpheric
air, inftead of fixed air; taking care to employ the
fame candle and the fame blow-pipe ufed in the for-
mer experiments, and even making ufe of the
bladder, in order that the experiments being ex-
aétly fimilar, and differing only in the kinds of air
made ufe of, the effect of that difference might be
difcovered and eftimated.

The refults of thefe experiments were moft per-
fectly conclufive ; and proved in a decifive man-
ner, that the effet of a blow-pipe, when applied to
clear Flame, arifes not from any real augmentation
of heat, but merely from the increafed ativity of
the Flame, in confequence of its being impelled
with force, and braken in eddies on the furface of
the body againft which it is made to aét; the effect
of the blow-pipe in thefe experiments being to all
appearance quite as great when fixed air was made
ufe of, (which could not increafe the quantity of

heat,) as when atmofpheric air was ufed,
F 4 But
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But conceiving the determination of this queltion
relative to the manner in whichFlame communicates
heat, to be a matter of much importance, I did
not reft my inquiries here : I repeated the expe-
riments very often, and varied them in a great
number of different ways ; {fometimes making ufe
of fixed air ; fometimes of atmofpheric air; and
at other times ufing dephlogifticated air; and
common air rendered unfit for the fupport of ani-
mal life and of combuftion, by burning a candle in
it till the candle went out,

It would take up too much time to give an ac-
count in detail of all thefe experiments; I fhall
therefore content myfelf with merely obferving,
that they all tended to fhow that the effect of a
blow-pipe ufed in the manner bhere defcribed, is owing
to the direction and velocity it gives to the Flame
againft which it is employed, and not to any real
increafe of heat.

It muft be remembered that the principal objeét
I had in view in thefe experiments was to difcover
the manner in which Flame communicates heat to
other bodies, and by what means that communi-
cation may be facilitated. —Were it required to in-
creafe the intenfity of the heat by blszwing the fire, the
current of air muft be applied in fuch a manner as
to expedite the combuftion ; it muft be directed to
the inflamed furface of the burning Fuel, and not
to the red-hot vapour or flame which rifes from it,
and m which the combulftion is moft probably
already quite complete; and in this cafe there is

no
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no doubt but the effe& produced by blowing would
depend much upon the quality of the air made
ufe of.

The refults of the foregoing experiments with
the blow-pipe will, I am confident, be thought
quite conclufive by thofe who will take the trouble
to confider them attentively,—and the advantages
that may be derived from the knowledge of the
tact eftablifhed by them are very obvious. If Flame,
or the hot vapour which rifes from burning bodies,
be a non-conduétot of heat;—and if, in order to
communicate its heat to any other body, it be ne-
ceflary that its particles individually be brought into
aCtual contaét with that body ; it is evident that
the form of a boiler, and of its fire-place, muft be
matters of much importance ; and that that form
muit be moft advantageous, which is beft calculated
to produce an internal motion in the Flame, and to
bring alternately as many of its particles as poffible
into contact with the body which is to be heated by
it. The boiler muft not only have as large a fur-
face as poflible, but it muft be of fuch a form as
to caufe the Flame which embraces it—to impinge
againft it with force—to break againft it—and to
play over its furface in eddies and whirlpools.

It is therefore againft the bottom of a boiler, and
not againit its fides, that the principal efforts of the
Flame muft be direéted; for when the Flame, or hot.
vapour, is permitted to rife freely by the vertical
fides of a boiler, it flides over iis furface very ra-
pidly, and there being no obftacle in the way to

break
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break the Flame into eddies and whirlpools, it glides
quietly on like a ftream of water in a {inooth canal ;
and the fame hot particles of this vapour which
happen to be in immediate contat with the fides of
the boiler at its bottom or lower extremity, being
continually prefled againft the furface of the boiler
as they are forced upwards by the rifing current,
prevent other hot particles from approaching the
boiler; fo that by far the greateft part of the heat
in the Flame and hot vapour which rife from the
Fire, inftead of entering the boiler, goes oft into
the atmofphere by the chimney, and is totally loft.
The amount of this lofs of heat, arifing from
the faulty conftruction of boilers and their fire-
places, may be eftimated from the refults of the
Experiments recorded in the following Chapter,

e . .
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C AP, V.

An Account of Experiments made wwith Boilers and
Fire-places of warious Forms and Dimenfions ; to-
gether with Remarks and Obfervations on their
Refults, and on the Improvements that may be de-
rived from them.—An Account of jome Experi-
ments made on a very large Scale in a Brew-boufe
Boiler.—An Account of a Brew-houfe Boiler con-
JSiruéied and fitted up on an improved Plan.—
Refults of feveral Experiments which were made
with this new Boiler—Of the Adwvantage in re-
gard to the Economy of Fuel in boiling Liquids,
nobich arifes from perferming that Procefs on a
large Scale.—Thefc Advantages are limited, —
An Account of an Alieration which was made in
the new Brew-boufe Boiler, with a view to the
SAVING oF TIME in caufing its Contents to boil.
— Experiments fhowing the Effects produced by
thefe Alterations.— An Eftimate of the RELATIVE
QuanTITIES OF HEAT producible from Coaxks—
PiT-coaL—CuARcoOAL, and Oax.—A Me-
thod of ¢ftimaiing the Quantity of Pit-coal which
would be neceffary 1o perform any of the Proceffes
mentioned in this Effay, in wbich Woed was ufed
as Fuel.—dn Eftimate of the ToTAL QUANTI-
T1ES of Heat producible in the Combuftion of dif
Jerent Kinds of Fuel ; and of the real Quantities of

Heat



76 Of the Management of lire,

Heat which are loft, under various Circumfiances,
in culinary Proceffes.

AT has been faid in the foregoing Chapter
will, I truft, be fufficient to give my reader
2 clear and diftinét idea of the [ ubject under con-
fideration, in all its various details and connec-
tions,—and enable him to comprehend, without
the fmalleft difficulty, every thing I have to add
on this fubject; and particularly to difcover the
different objects I had in view in the Experiments
of which I am now about to give an account, and
to judge with facility and certainty of the conclu-
fions I have drawn from their refults.

Thefe Experiments, though they occupy fo many
pages in this Effay, are but a fmall part of thofe I
have made, and caufed to be made under my di-
retion, on the fubjelt of HHeat, during the laft
feven years. Were I to publifh them all, with all
their details as they are recorded in the regifter that
has been kept of them, they would fill feveral

volumes.
It was moft fortunate for me that this regifter is

very voluminous ; for had it not been fo, I fhould
in all probability have taken it with me to England
laft year, and in that cafe I fhould have loft it,
with the reft of my papers, in the trunk of which
I was robbed in pafling through St. Paul’s Church-
yard, on my arrival in London after an abfence of

eleven years *.

*® I have many reafons to think that thele papers are fti!l in being ;—
what an everlafting obligation fhould I be under to the perfon who

would caule them to be returned te me!
As
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As 1 forefaw, when I firft began my inquiries
refpecting Heat, that I fhould have occafion to
make many Experiments on boiling Liquids, to
facilitate the regiftering of them I formed a Table,
(which I had printed,) in which, under various
heads, every-circumfilance relative to any common
Fxperiment of the kind in queftion could be en-
tered with much regularity, and with little trouble.

As this Table may be ufeful to others who may
be engaged in fimilar purfuits, and as the publifh-
ing of it will alfo tend to give my reader a more
perfect idea of the manner in which my Experi-
ments were conducted, I fhall (as an example) give.
an account of one Fxperiment, in the fame form in
which ‘it was regiftered in one of thefe printed
"Tables.

Thefe Tables, as they are printed for ufe, (on de-
tached fheets,) occupy one fide of half a fheet of
common folio writing-paper.




Of the Management of Fire,

28

S

T T T T T

: *[Bur .*
“pog pyear] §  — — fgblf
-— i of a3 $E =
-anopg 1 Suipioq aday 1a3e g doy-Suifroq jo [5qp og+6EE] 10 R of ) 3t | 2
- fJroq 031 ApTUL JAEA\ PlOI-321 JO [-sqpEets] ‘[ps1taq] e i ]
a0 g 5t JO "q) 1 JO UOTYRGUIOD 311 Ul Paielauad JeaH oyl Yilm Sl i Cy e —
LLTASE TEIDIT A ofgn o & g ——
oblin of g 5 | 24
[panizpqo 1ou] pavetodesa pmbry oy jo Hnueny | 001 as L ] e
'sqroot  —  ‘Supoq piubiry oy dasy o1 pappE PR | oShT af L £ | wm
£ 7 = = ‘jioq 01 panunuos pinbig 3y swiy, oStr o8 g 9z | —
oy i — 1] L §S1 | —
“EGE _-H_.ﬁ_w._ S _-:n___”" ﬁ___._.._.u_.m...__ 211 SHEW 0] ﬁv.u_w..:_m_._ﬂn_u Tan g = Um.— of L o 11
[ob  £] = *fiogpinbry sy axew o3 padordws auiry, 6 0T of i S
e oy oS0l of L Sz |- —
"LNIMTHIIXT THL 40 SLTASTY 1VEINID o2h MW M ,.“#_ or
[* - ol of of | =
(1921 9 Jo spfuag ur “Lap fawiapony i o ]
‘poom-aund |—a3sn TING 40 aNiY mﬂﬂn 869 [[aem] o939 .ﬂ.uM.Hh_ bz S | 6
: i
gqp EvolL Hur ___ e w
-y Saampeopy gLig saepm Jo paurmiuod € fumouy 1ou] | “3Sram | -saangeapy| “probiy B | ssag | 5| B
pavdroa-pue ‘[saddon] jo papnsyuod sem—13ad ¥ ‘dag | uI jo pury |'pmbry ap o uf [(oquoN] z | §
3304 8 apla pue- Mmo[aq ! e e 8 ]°
1934 OF =———. —3110] 10 anoge § TN i - €L
*YFTI0Q AHL IO ENOISNIAMIC] aaeqd-aurg -Keq o
“gS “ampwouway ], Jo fsayoup 5o amswosg a3 jo WEH “Ja[1og A1 JO 1LY aty o3t and [ang | jo suny,

-[$6L1 udy] jo [pS1] ayy ‘[Hoparg 2y 03 Surduopq amoy-aaig ] ur ‘[HIINAN] 32 pe]y

fSAINOIT ONITIOE ™ FAYII 40 INTFWIADVNVI I8l Ko INTWIATIXT NV




and the Economy of Fuel, 79

Every thing in this Table, except fuch figures
and words as are printed between crochets,
is contained in the printed forms: Hence it is
evident how much thefe Tables tend to diminifh
the trouble of regiltering the refults of Experi-
ments of this kind, and alfo to prevent miftakes.

The example I have here given is an account of
an Experiment, in which a very large quantity of
water, equal to 15,590 lbs. Avoirdupois in weight,
or 1866 wine gallons of 231 cubic inches each; but
it is evident that thefe Tables anfwer equally well
for the fmall quantity contained by the fmalleft
faucepan.

"The height of the barometer is exprefled in Paris
inches ; that of the thermometer in degrees of
Fahrenheit’s fcale.—The other meafures, as well
of length as of capacity, are the commen meafures
of the country (Bavaria); and the weight is ex-
prefled in Bavarian pounds, of which 1oo make
123.84 Ibs. Avoirdupois.

What is entered under the head of GENERAL
ResuLTs oF THE EXPERIMENT, requires no ex-
planation ; but what I have called the PrEecisk
REesurT muft be explained. 5

Having frequent occafion to compare the refults
of Experiments made at different times and in dif-
ferent feafons of the year, as the temperature of the
water in the Boiléer when the fire is lighted under it
is feldom the fame in any two Experiments, and as
the boiling heat varies with the variations of the
preflure of the atmofphere, or of the height of the

mercury
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mercury i the barometer, it became neceflary to
make proper allowances for thefe differences. This
I thought could beft be done by determining, by
computation, from the number of degrees the
water was aclually heated, and the quantity of Fuel
confumed in heating it that number of degrees,
how much Fuel would have been required to have
it heated 180 degrees, or from the point of freezing
to that of boiling water (the boiling point being
taken equal to the temperature indicated by 212°
of Fahrenheit’s thermometer, which is the boiling
point under the mean preflure of the atmofphere
at the furface of the fea): Then, by dividing the
weight of the water ufed in the Experiment, (ex-
prefled in pounds,) by the weight of the Fuel ex-
prefled in pounds neceflary to heat it §8o degrees,
or from the temperature of freezing to that of
boiling water ; this gives the number of pounds of
ice-cold water which (according to the refult of the
given Experiment) might Lave been made to boil,=—
with the heat generated in the combuftion of 1 Ib.
of the Fuel, under the mean preflure of the at-
mofphere at the level of the furface of the fea.

The city of Munich, where all the Experiments
were made of which I am about to give an account,
being fituated almoft in the centre of Germany,
lies very high above the level of the fea. The
mean height of the mercury in the barometer is
only about 28 Englifh inches, confequently water
boils at Munich at a lower temperature than at
London. The difference is even too confiderable

6 to
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to be neglected, it amounts to 2% degrees of Fah-
renheit’s {cale,—being 209% degrees at a medium
at Munich, and 212 degrees in all places fituated
near the level of the fea. To render the refults of
my experiments and computations more fimple and
more generally ufeful, T fhall always make due
allowance for this difference.

Having, from the actual refult of each Experi-
ment, made a computation on the priuciples here
deflcribed, fhowing what (for the want of a better
expreflion) I have called the Precife Refult of the
Experiment, it is evident that thefe computations
thow very accurately the comparative merit of the
mechanical arrangements, and the management of
the Fire in conduéting the Experiments, in as far
as relates to the Economy of Fuel; for the more
ice-cold water that can be made to boil with the
heat generated in the combuftion of any given
quantity (1 lb. for inftance) of Fuel, the more
perfect of courfe (other things being equal) mult
be the conftruction of the fire-place.

Under the head of Precise Resvrt I have
lometimes added another computation, fhowing
how much ¢ bsiling-hot water’ might, according to
the refult of the given Experiment, be kept boiling
““one bour’” with the heat generated in the combuf-
tion of ¢ 1 Ib. of the Fuel.”” Though I have called
thisa Precife Refult, it is evident that in moft cafes
it cannot be confidered as being very exal, owing
to the difficulty of eftimating the quantity of Fuel
in the fire-place, which is unconfumed at the moment
when the water begins to boil.

VOL, II, @ In
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In the foregoing example, in making this com-
putation I fuppofed that, when the water began to
boil, there was wood enough in the fire-place un-
confumed to keep the water boiling 43 minutes,
and that the wood added afterwards (100 Ib.) kept
the water boiling the remainder of the time it boil
ed, or juft 2 hours.

In moft cafes, however, to fave trouble in mak-
ing thefe computations, I have fuppofed that all
the wood employed in making the water boil 1s en-
tirely confumed in that procefs, and that all the
heat expended in keeping the water boiling is fur-
nithed by the Fuel which is added after the water
had begun to beil. 'This fuppofition is evidently
erroneous ; but as the computation in queftion can
at beft give but an inaccurate and doubtful refult,
labour beftowed on it would be thrown away :
But imperfect as thefe rough eftimates are, they
will however in many cafes be found ufeful.

In giving an account of the following Experi-
ments, I fhall not place them exaétly in the order in
which they were made, but fhall arrange them in
fuch a manner as I fhall think beft, in order that
the information derived from their refults may
appear in a clear point of view.

For greater convenience in referring to them,
I fhall number them all; and as I have already
given numbers to the four I mentioned in the Firft
Chapter of this Effay, I fhall proceed in rEguIar
order with the reft,

Experie
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B xﬁfﬂ'm.mf, No. .

The firlt kitchen of the Houfe of Induftry at
Munich has already been defcribed in the Firft
Chapter of this Effay ; and it was there mentioned,
that the daily expence of Fuel in that kitchen,
when food (peas-foup) was prepared for 1000 per-
fons, amounted to 300 Ib. in weight of dry beech-
wood. Now as each portion of foup confifted of
1 Ib., this gives 0.3 of a pound of wood for each
pound of foup.

Experiment, No. 6.

The firft kitchen of the Houfe of Induftry have.
ing been pulled down, it was afterwards rebuilt on
a different principle. Inftead of Copper Boilers,
Iron Boilers of a hemifpherical form were now
ufed, and each of thefe Boilers had its own feparate
clofed fire-place. The Boiler being fufpended by
its rim in the brick-work, and room being left for
the flame to play all round it. The fmoke went
off into the chimney by an horizontal canal, §
inches wide and § inches high, which was con-
cealed in the mafs of brick-work, and which open-
ed into the fire-place on the fide oppofite to the
opening by which the Fuel was introduced. '

The Fire was made on a flat iron grate placed
direétly under the Boiler, and diftant from its bot-
tom about 12 inches. The afh-pit door was fur-

G 2 nithed



84 Of the Management of Fire,

nithed with a regifter ; but there was no damper
to the canal by which the fmoke went off into the
chimney, which was a very great defet. The
opening into the fire-place was clofed by an iron
door. Each of thefe Iron Boilers weighed about
148 lbs. Avoirdupois, was 2452 Englith inches in
diameter, and 14.935 inches deep, and contained
1go! lbs. Bavarian weight of water, equal to
235.91 lbs. Avoirdupois, or about 28; Englith
wine-gallons.

From this account of the manner in which thefe
- Iron Boilers were fitted up, it is evident that the
arrangement was not effentially different from that
of kitchens for hefpitals, as they are commonly
conftructed. _

From Experiments made with care, and often re-
peated, I found that to prepare 89 portions (or

8¢ Ibs. Bavarian weight) of peas-foup in one of

thefe Boilers, 43 lbs. of dry beech-wood were re-
quired as Fuel, and that the procefs lafted four
hours and an half: This gives 0.483 of a pound
of wood for each pound of the foup.

In the firlt arrangement of this kitchen, only
0.3 of a pound of wood was required to prepare
1 Ib. of foup: Hence it appears that the kitchen
had not been improved,—confidered with a view
to the Economy of 'uel,—by the alterations which
had been made in it. This was what I expetted ;
for the object I had in view in conftruéting this
kitchen was not to fave Fuel, but to find out
how much of it is wafted in culinary procefles, as

they
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theyware commonly performed on a large fcale in
hofpitals and other inftitutions of public charity.—
Till T knew this, it was not in my power to eftimate,
with any degree of precifion, the advantages of any
improvements I might introduce in the conftruétion
of kitchen fire-places.

To determine in how far the quantity of Fuel
neceflary in any given culinary procefs depends on
the form of the fire-place, (the Boiler and every
other circumftance remaining the fame,) I made
the following Experiments.

Experiments, No.7 and No. 8.

Two of the Iron Boilers in the kitchen of the
Houfe of Induftry (which, as they were both caft
from the fame model, were as near alike as pofiible)
being chofen for this Experiment, one of them
(No. 8.) being taken out of the brick-work, its
fire-place was- altered and fitted up anew on im-
proved principles. The grate was made circular
and concave, and its diameter was reduced to 12
inches ; the fire-place was made cylindrical above
the grate, and only 12 inches in diameter ; and
the Boiler being feated on the top of the wall of
this cylindrical fire-place, the flame pafling through
afmall opening on one fide of the fire-place, at the
top of it, made one complete turn about the Boiler
before it was permitted to go off into the canal by

which the fmoke paffed off into the chimney.
G 3 ‘Though



86 Of the Management of Fire,

Though there was no damper in this canal,
yet as its entrance or opening, where it joined the
canal which went round the Boiler, was confider-
ably reduced in fize, this anfwered (though im-
perfectly) the purpofe of a damper. This fire-
place being completed, and a fmall Fire having
been kept up in it for feveral days to dry the ma-
fonry, the Experiment was made by preparing the
fame quantity of the fame kind of foup in this, and
in a neighbouring Boiler whole fire-place had not
been altered.

The food cooked in each was 8¢ lb. of Peas-
foup ; and the Experiment was begun and finifhed
in both Boilers at the fame time.

The wood employed as Fuel was pine; and it
had been thoroughly dried in an oven the day be-
fore 1t was ufed.

The Boilers were both kept conftantly covered
with their double covers, except only when the
Soup was flirred about to prevent its burning to
the bottoms of the Boilers.

The refult of this interelting Experiment was as
follows :

Experiment [ Experiment
No. 7. No. 8.

In the Boiler
; No. 8,
]"Iﬁ‘: B:"’" with the im-
i proved Fire-
placs.

unantity of wood confumed in cook-
ing 8g lbs, Bavarian weight of
Peasfoup =~ - « - - = 371bs. | 14lbs.

Thele
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Thefe Experiments were made on the 4th of
November 1794. On repeating them the next
day with pine-wood, which had not been previouily
dried in an oven, the refult was as follows 3

Experiments, No. g and No. 10.

| Experiment | Experiment

No. g. No. 10.

In the Boiler
. No. &
In g;e Boiler with the ;m-
@1+ | proved Fires
place.
Quantity of weod confumed in conk-
ing 89 lbs. of Peas-foup - - | 39lbs. 16 lbs.

The firlt remark I fhall make on the refults of
thefe Experiments is the proof they afford, by com-
paring them with that which preceded them
(No. 6.), of the important faét, that pine-wood af-
fords more heat inits combuftion than beech. This
fact is the more extraordinary, as it is diretly con-
trary to the opinion generally entertained on that
fubject ; and it is the more important, as the price
of pine-wood is, in moft places, only abourt half as
high as that of beech, when the quantities, ¢fimated
by weight, are equal. ;

In the Experiment No. 6. it was found, that
43 Ib. of dry beech-wood were neceflary, when ufed
as Fuel, to prepare 8¢ lbs. of Peas-foup. In the
Experiment No. 7. the fame procefs was per-
formed with 37 Ib. and in the Experiment No. g.

G 4 . with
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with 39 Ib. of dry pine. But I fhall have occafion
to treat this fubject more at length in another place.
In the mean time I would, however, juft obferve,
that all my Experiments have uniformly tended to
confirm the fact, that dry pine-wood affords more
heat in combuftion than dry beech. I have reafon
to think the diflerence is in fac greater than the
Experiments before us indicate ; but the apparent
amount of it will always depend in a great meafure
on the circumitances under which the Fuel is con-
fumed ; or, in other words, on the conftruétion of
the fire-place ; and it is no fmall advantage attend-
ing the fire-places I {hall recommend, that they are
fo contrived as to increale, as much as it is poflible,
the fuperiority of the moft common and cheapelt
fire-wood over that which is more fcarce and
coltly.

By comparing the refults of thefe two fets of Ex-
periments (No. 7 and No. 8, No. g and No. 10.)
an eftimate may be made of the advantage of ufing
wery dry wood for Fuel, inftead of making ufe of
wood that has been lefs thoroughly dried ; but as I
mean to take an opportunity of inveftigating that
matter alfo more carefully hereafter, I fhall not at
prefent enlarge on it farther than juft to obferve,
that as the wood, which was dried in an oven, was
weighed for ufe after it had been dried, and as it
certainly weighed more before it was put into the
oven, the real faving arifing from ufing it in this
dried ftate is not fo great as the difference in the
weights of the quantities of wood ufed in the two

Expe-
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Experiments. To eftimate that faving with preci-
fion, the wood fhould be weighed before it is dried,
or in the fame ftate in which the other parcel of
wood, which is ufed without being dried, is
weighed.

But to proceed to the principal objeét I had in
view in thefe Experiments ;—the determination of
the effects of the difference in the conftruction of
the two fire-places ;—the difference in the quantity
of Fuel expended in the two fire-places in per-
forming the fame procefs, fhows, in a manner
which does not ftand in need of any illuftration,
how much had been gained by the improvements
which had been introduced.

Conceiving it to be an objeét of great import-
ance to alcertain by aftual experiment, and with as
much precifion as poffible, the real amount of the
advantages, in regard to the Economy of Fuel, that
may be derived from improvements in the forms of
fire-places, I did not content myfelf with improv-
ing from time to time the kitchens I had con-
ftructed, but I took pains to determine how much
I had gained by each alteration that was made.
This was neceffary, not only to furnith myfelf with
more forcible arguments to induce others to adopt
my improvements, but alfo to fatisfy myfelf with
regard to the progrefs I made in my inveftigations.

In the firft arrangement of the kitchen of the
Military Academy, the Boilers were fufpended by
their rims in the brick-work in fuch a manner that

the
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the flame could pafs freely all round them, and the
imoke went off in horizontal canals which led to
the chimney, but which were not furnifhed with
dampers.

The Fire was made on a flat {quare iron-grate ;
and the internal diameter of the fire-place was 2 or
7 inches larger than the diameter of the Boiler
which belonged to it. The bottom of the Boiler
was from 6 to 10, or 12 inches (according to its
fize) above the level of the grate; and the door of
the opening into the fire-place, by which the Fuel
was introduced, was kept conftantly clofed. The
ath-pit door was furnifhed with a regifter, and the
Boilers were all furnithed with double covers.

Having, in confequence of the progrefs I had

made in my inquiries refpecting the Management of

Heat, and the Economy of Fuel, come to a refolu-
tion to pull down this kitchen, and rebuild it on an
improved principle; previous to its being demo-
lithed, I made feveral very accurate Experiments to
determine the real expence of Fuel in the fire-
places as they then exifted, with all their faults ; and
when the new arrangement of the kitchen was
completed, I repeated thefe Experiments with zhe
fame Boilers ; and by comparing the refults of thefe
two fets of Experiments, I was able to eftimate
with great precifion the real amount of the faving
of time as well as of Fuel,—which were derived

from the improvements I had introduced.
After all that has been faid (and perhaps already
too often repeated in different parts of this Effay)
5 on
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and the Economy of Fuel 91

on the conftruion of fire-places, my reader will
be able to form a clear and juft idea of the conftruc-
tion of thofe of which I am now fpeaking, (thofe of
the kitchen of the Military Academy, in its prefent
improved ftate,) when he is told that the Fire
burns on a circular concave iron grate, about half
the diameter of the circular Boiler which belongs to
the fire-place ; that the fire-place, properly fo call-
ed, is a cylindrical cavity in the folid brick-work
which fupports the Boiler, equal in diameter to the
circular grate, and from fix to ten inches high,
more or lefs according to the fize of the Boiler ;
that the Boiler is fet dewn on the top of the cir-
cular wall which forms this fire-place, a fmall open-
ing, from three to four or five inches in length
taken horizontally, and about two or three inches
high, being left on one fide of this wall at the top
of it, that the flame which burns up under the
middle of the bottom of the Boiler may afterwards
pafs round (in a fpiral canal conftructed for that
purpofe) under that part of the bottom™ of the
Boiler which lies without the top of the wall of the
fire-place on which the Boiler repofes. The flame
‘having made one complete turn under the Boiler in
this {piral canal, it rifes upwards, and going once
round the fides of the Boiler, goes oft by an hori-
zontal canal, furnithed with a damper, into the
chimney.

In order that the top of the circular wall of the
fire-place on which the Boiler is {eated, may not

cover
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cover too much of the bottom of the Boiler, its
thicknefs is fuddenly reduced in that part (that is
to fay, juft where it touches the Boiler) to about
half an inch.

The opening by which the Fuel is introduced
into the fire-place, is a conical hole in a piece of
fire-ftone, which hole is clofed by a fit ftopper made
of the fame kind of {tone. The afh-pit door and
its regifter are finifhed with fo much nicety, that
when they are quite clofed the Fire almoft inftan-

taneouily goes out.

" The dimenfions of the Boiler, in which the Ex-
periments of which I am about to give an account
were made, are as follows :

: above - 14.935
Diameter {he]ew - 13 gg } Inches, Englith meafure,

Depth - - = = 14.32

It weighs 371bs. Avoirdupois; and it contains,
when quite full, about 73 lbs. Avoirdupois, equal
to 83 gallons (wine-meafure) of water.

In two Experiments with this Boiler, which were
both made by myfelf, and in which attention was
paid to every circumitance that could tend to ren-
der them perfect, the refults were as follows :
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and the Economy of Fuel.

%amit}r of water in the Boiler,
in Bavarian pounds - - -

Temperature of the water in the
Boiler at the beginning of
the Experiment - - - -

Time employed in making the
water boil - - -

Wood confumed in makmg thc
water boil, in Bawarian pounds

Time the water continued th

Woud a.ddf:d to kEﬂp l:hE Water
boiling
Kind of wood ufed el G

Precife Refults.

Jce-cold water heated 180 de-
grees, or made to boil, with
tlb.of wood = - « - =

Boiling-hot water kept boiling
1 hour, with 1 lb. of weod -

93

Experiment | Experiment
No.11. No. 12,
The firt | The improved

Fire-place. | Fire-place.

43.63 lbs. 43.63 lbs,
5go 6o°

67 min. 30 min.’
9 lbs, 3 lbs.

2 hrs. z min. 4 hours
5 Ibs. 2% Ibs.
Pine Pine

4.0z 1bs. 11.9% lbss
17.74 lbs, 52.36 lbs,

The
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The following Experiments were made with two
Copper Boilers, (No. 1 and No. 2.) nearly of the
fame dimenfions, in the kitchen of the Military
Academy at Munich, in the prefent improved {tate
of thatkitchen. Thefe Boilers are round and deep,
and weigh each about 62 lbs. Avoirdupois. They
belonged originally to the kitchen of the Houfe of
Induftry, being two of the eight Boilers which, in
the firft arrangement of that kitchen, were heated
by the fame Fire.

Their exat dimenfions, meafured in Englith
inches, are as follows :

The Boiler | The Boiler

No. 1. No.z.
Inches. Inches.
S {abuvc - z2.66 22.66
Sl below — 19.82 20.8g
Depth — - 24.92 22.04

At the beginning of each of the following Ex-.
periments, each of thefe Boilers contained juit g3
mealures (or Bavarian maaffe) of water, weighing
187 Ibs. Bavarian weight, (equal to 232.58 lbs.
Avoirdupois,) or a trifle lefs than 28 gallons.

The grate on which the Fire was made under
each of thefe Boilers 1s circular and concave, and
11 inches in diameter ; and their fire-places are in
all refpects fimilar to that juft defcribed (Experie

ment No. 11.). Both Boilers are furnifhed with
double covers.

The
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The Experiments made with the Boiler No. 1.
and their refults, were as follows :

Quantity of water in
the Boiler in the
beginning of the Ex-
periment - - -
Temperature of the
water in the Beiler
at the beginning of
the Experiment -
Time employed in
making the water
boil = - - - -
Wood confumed in
making the water
e o U LR
Time the water con-
tinued to boil - -
uantity of Fuoel add.-
Q;d to Fl-:cﬂp it boil-
ing this time - -
Kind of weod ufed as
Fuel e D

Precife Refults of the

Experiments.

Ice-cold water heated
18c°, or made to
boil, with the heat
generated i the
combuftion of 1 lb.
of the Fuel - -
Boiling water kept
boiling one hour,
with the heat gene-
rated in the combuf-
tion of 1lb. of the
My

Experiment |Experiment [Experiment{Experiment
No. 13 No. 14. No. 15. No. 16.
Ibs. Ibs. Ibs. Ibs.
187 187 137 187
610 59° 640 55%°
min, min. min. min.
78 61 61 6z
Ibs. Ibs, Ibs. lbs.
12 I 9 8
min. min. min. h. min.
17 28 6 z2 19
Ibse
o Tae == 4
Beech | Beech Pine Pine
=
Ibs. lhs. Ibs. Ibs.
12.89 | 14.15 16.89 20
Ibs.
—— s ] | DE-+0

All
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All the foregoing Experiments were made on
the fame day, (the 13th of O&ober 1794,) and in
the fame order in which they are numbered.

The following are the refults of the Experiments
made with the Boiler No. 2.

Experim.| Experim.| Experim.] Experim.} Experim.
No. 17. | No. 18. | No. 1g9. | No. 2. | No.21.

Quantity of water in the
Boiler at the beginning

of the Experiment, in | lbs. Ths. Ibs. 1bs. * Ibs.

Bawarian poands — 187 187 187 137 187
Temperature of the wa- )

ter in the Eoiler at the

beginning of the Ex-

periment . —  — | 610 582 6co 550 2129
Time employed in mak- | min. min. min., niin.

ing the water boil — 7 i 55 57 6o —_—
Wood confumed inmak- | lbs. 1bs. Ibs. 1bs,

ing the water boil — 11 Ir 9 8 -
Time the water continu- |  min. min. min., h. min. | h. min.

edtoboil —  — 21 17 3 % 29 11 10
Wood added to keep the lb. Ths. 1bs.

wiater boiling  — — i —_ — 3+ 14

Kind of wood wied —| Beech | Beech Pine Pine Beech

Precife Refults.
Tce-cold water heated

1809, or made to boil, Ibs. Ibs. Ibs. Ibs.

with 1 Ib. of wood —| 1392 | 14.33 17.59 | 20.10 =3
Boiling-hot water kept

boiling one hour with 1bs. Ibs.

1lb. ufwm?‘:l — et -— o — | 53268 | 14544

This fet of Experiments was made at the fame
time with the foregoing fet, namely, on the 13th
O&ober 1794, and they were made in the order in
which they are here regiftered. In the laft but
one, (No. 20.) the Economy of Fuel in the procefs
of heating water was carried farther than in any

other Experiment I have ever made.
6 In
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and the Economy of Fuel. G7

- In the following Experiments, which were made
in a large Copper Boiler fitted up on my moft im-
proved principles, belonging to the kitchen of the
Houfe of Induftr],r, the Economy of Fuel was car-
ried nearly as far.

This Boiler, which is circular, is 42f Englith
inches in diameter above; 42.17 inches in dia-
meter below ; and 18.54 inches deep. It weighs
784 lbs. Avoirdupois; and contains, when quite.
tull, 714 lbs. Bavarian weight (= 884 Ibs. Avoir-
dupois, or 106 gallons) of water, at the tempera-
ture of §5°

It is furrounded above by a wooden ring about
two inches in thicknefs, into which it is fitted; and
in this ring, in a groove about % of an inch deep,
is fitted a circular wooden flat cover; this cover
.is formed in three pieces, united by iron hinges ;
and one of thefe pieces being faftened down by
hooks to the Boiler, the other two are {o contrived
as to be folded back upon it occafionally. From
the upper furface of the part of the cover which is
faftened down on the Boiler, a tin tube two inches
in diameter, furnithed with a damper, is fixed, by
which the fteam is carried off into a narrow wooden
tube, which conduéts it through an opening in the
roof of the houfe into the open air.

To prevent {ill more effettually the efcape of
the heat through the wooden cover of the Boiler,
the upper furface of it is protetted from the cold
atmofphere by a thick circular blanket covered on
both fides by ftrong canvas, which is occafionally
thrown over it,

VOL. 11, H Though
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Though the diameter of this Boiler below iz
more than 4o inches, the diameter of its fire-place
(which is jult under its center) is only 11 inches ;
but as the flame makes two complete turns under
the bottom of the Boiler in a fpiral canal, and one
turn round it, the time required to heat it is not fo

great as, from the fmallnefs of its ﬁre-place,
have been expected.

It has ever been, and {till continues to be, the
decided favourite of the cook-maids.

The wood ufed as Fuel in the following Experi-
ment was pine moderatelydried. The billets were fix
inches long, and from one to two inches in diameter.

The following Table fthows the refults of five
Experiments that were made with this Boiler by
myfelf, jult after it was fitted up :

Experin.| Experim.|Experim. | Experim. |Experim,
No.z2. | No.23. | No.z24. | No.25. | No.26.

Quantity of water in the

Boiler, in  Bavarian lbs. s, * F  lbs. Ibs. lhs.
pounds == -—  — 508 127 254 508 503
Temperature of the wa-

ter at the beginning of

the Experiment — 480 482 g6 482 430
Time required to make | h. min.| min, | h. min. | hi min.| h. min.
the wawr boil — — | 2 4 51 (i P T WO, 101 (R G
Fuel employed to make 1bs. Ibs. 1bs. Ibs. Ibs.
the water boil — — | 2443 8¢ 1 25 24
Time the water conti- h. L.

nued boiling @— — ] —_ —_ 1 =
Fuel added to keep the Ibs. Ibs.

water boiling -— — ﬁ;,:_ s s 4 P
PrecisE ResvrTs of

the Experiments with

the heat generated in

the combuftion of 11b.

of the Fuel.
Jee-cold water heated 1bs. 1bs. Ibs. Ibs. Ibs.
1802, or made to boil - | 18.87 12.74 12.69 17.48 1901
Or beiling hot  water

kept boiling one bour - | 216.6:1 — — 335.66

might
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Without ftopping to make any obfervations on
the refults of thefe Experiments, (though they
afford matter for feveral of an interefting nature,)
I fhall proceed to give a brief dccount of another
fet of Experiments, on a much larger fcale, which
were made in the Copper Boiler of a Brewery be-
longing to the Elector.

This Boiler, which is re€tangular, is ten feet
long, eight feet wide, and four feet deep, Bavarian
meafure *, and contains 8176 Bavarian maaffe, or
meafures, equal to 1866 gallons wine meafure.
On examining this Boiler, I found its fire-place was
conftru¢ted on very bad principles ; and on in-
quiry refpeting the quantity of fire-wood con-
fumed in it, I found the wafte of Fuel to be very
great.

This Brewery is ufed for making fmall <white
beer, (as from its pale colour itis called,) from
malt made of wheat; and as it is worked all the
year round, the expence of Fuel was very great,
and the economy of it an objett of cenfiderable
importance.

The quantity of fire-wood (pine) that had at an
average been confumed daily in this Brewery was
rather more than four Bavarian clafters, or cords.
On altering the fire-place of this Brewery, and put-
ting a (wooden) cover to the Boiler, I reduced this
expence to lefs than 1% clafters.

In the new fire-place which I caufed to be con-
ftructed for this Boiler, the cavity under the Boiler

* z00 Bavarian inches are equal to 953 inches Englith meafure.

H 2 18
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is divided into three flues, by thin brick walls which
run in the diretion of the length of the Boiler.
The middle flue, which is twice as wide as one of
the fide flues, is occupied by the burning Fuel, and
is furnithed with a grate 20 inches wide, and 36
inches long ; and the opening by which the Fuel

is introduced into the fire-place is clofed by two iron.,

doors, placed one behind the other, at the diftance

of eight inches. The grate, which is placed at the

hither end of the fire-place, is horizontal, and it is
fituated about twenty inches below the bottom of
the Boiler. The air which ferves to feed the TFire,
is let in under the grate through a regifter in the
afh-pit door.

When the double doors which clofe the en-
trance into the fire-place are fhut, the flame of the
burning Fuel firlt rifes perpendicularly againit the

bottom of the Boiler ; it then pafles along to the’

farther end of the (middle) flue, which conftitutes
the fire-place, where it feparates, and returns in
the two fide flues ; it then rifes up into two hori-
zontal flues (one fituated over the other) which go
all round the Boiler ; and having made the cir-
cuit of the Boiler, it goes off into feparate canals
(furnifhed with dampers) into the chimney.
Though the Figures 17 and 18, Plate IIL. are not
drawings from the fire-place I am now defcribing,
but of another which I fhall foon have occafion to
defcribe, yet an infpection of thefe figures will be
found ufeful in forming an idea of the principles.

on which the fire-place in queftion was conftructed,
| and
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and on that account I fhall occafionally refer to
them.

The burning Fuel being confined within a nar-
row compafs,—being well fupplied with freth air,—
and being furrounded on all fides by thin walls of
brick, (which are non-conduétors,) the heat of the
fire is moft intenfe, and the combuftion of the
Fuel of courfe very complete. The flame, which
~ is clear and vivid in the higheft degree, and per-
fectly unmixed with fmoke, runs rapidly along
the bottom of the Boiler, (which forms the top of
the flues,) and from the refiftance it meets with in
its paflage, from friction, and from the number of
turns it is obliged to make, it is thrown into innu-
merable eddies and whirlpools, and really affords
a moft entertaining {pettacle.

That I might be able to enjoy at my eafe this
amufing fight, I caufed a glafs window to be made
in the front wall of the fire-place, through which
I could look into the Fire when the fire-place doors
were fhut ; and I was well paid for the trouble and
the trifling expence 1 had in getting it executed.

Some may be tempted to fmile at what they may
think a childith invention ; but there are many
others, I am confident, and among thefe many
grave philofophers, who would have been very
glad to have fhared my amufement.

The window of which I am {peaking is circular,
and only fix inches in diameter ; but as the hole in
the wall is conical, and much larger within than
without, the field of this window (if I may ufe the

H 3 expreflion)
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expreflion) is fufficiently large to afford a good
view of what pafles in the fire-place.

This conical hole is reprefented in the Figures
18 and 21, by dotted lines. It is fituated on the
left hand of the entrance into the fire-place. Into
the opening of the hole in the wall, on the outfide
of it, is fixed a fhort tube of copper, (about fix
inches in diameter, and four inches long,) and in
this tube another fhort mowveable tube is fitted, one
end of which is clofed by the circular plate of glafs
which conftitutes the window. As the wall of the
fire-place in front is thick, this pane of glafs is at a
confiderable diftance from the burning Fuel, and as
there is no draft through the hole in the wall, the
glafs does not grow very hot.

I have been the more particular in my defcription
of this little invention, as I think it may be ufeful :
There are many cales in which it would be very
advantageous to know exaltly what is going on in
a clofed fire-place ; and this never can be known
by opening the door ; for the inftant the door is
opened, the cold air ruthing with impetuofity into
the fire-place, deranges entirely the whole economy
of the Fire : Befides this, it is frequently very dif=
advantageous to the procefs which is going on, to
open the door of a fire-place ; and it is always at-
tended with a certain lofs of heat, and confequently
fhould as much as poflible be avoided.

I intimated that the window I have been defcrib-
ing afforded me amulement ;-—it did {tll more,—it
afforded me much ufeful information ;—it gave me

5 g
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an opportunity of sb/erving the various internal mo.
tions into which flame may, by proper manage-
ment of the machinery of a fire-place, be thrown ;
and of eftimating, with fome degreé of precifion,
their different effets. In fhort, it made me better
acquainted with the fubjet which had fo long
engaged my attention—( Fire) ;—and with regard
to that fubjet, nothing furely that is new can be
uninterefting. But to return to the Brewery : —To
the top of the Boiler was fitted a curb of oak tim-
ber : The four f{trait beams of which this curb was
conftruéted are each about 7 inches thick, and 15
inches wide ; and the upper part of the Boiler is
faftened by large copper nails to the infide of the
fquare frame formed by thefe four beams. I'rom
the top of this curb is raifed a wooden building,
like the roof of a houfe with a double flant or bevel,
which ferves as a cover to the Boiler. This build-
ing, the fides of which are about three feet high
inwards, and the top of which is covered in by a
very flat roof, flanting on every fide from the
centre,—is conftructed of a light frame-work of
timber, (four-inch deal joifts,) which is covered
within as well as without with thin deal boards,
which are rabbetted into each other at their edges,
to render the cover which this little edifice forms
for the Boiler as tight as poflible.

From the top of this cover, an open wooden
tube, (m. Fig. 17.) about 12 inches in diameter,
rifes up perpendicularly, and going through the

roof of the Brewhoufe, ends in the open air. This
H 4 tube,
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tube, which is furnifhed with a wooden damper, i3
intended to carry off the fteam.

On the fide of this cover next the mathing-tub,
as allo on that oppofite to it, by which the wort
runs off into the coolers, there are large folding
wooden doors, (i and &, Fig. 17.) which are occa-
fionally lifted up by means of ropes which pals over
pullies faftened to the ceiling of the Brewhoufe.

There are likewife two glafs windows (fee
Fig. 17.) in two oppofite fides of the cover,
through which, as foon as in confequence of the
boiling of the liquid the fteam becomes tranfparent
and invifible, (which happens in a very few minutes
after the liquid has began to boil,) the contents of
the Boiler may be diftinétly feen and examined.

Whenever there is occafion during the boiling to
open either a door or a window of the cover, it is
neceflary to begin by opening the damper of the
{fteam-chimney, otherwife the hot [team, rufhing
out with violence, would expofe the by-ftanders
to the danger of being fcalded; but when the
damper of the fteam-chimney is open, no fteam
comes into the Brewhoufe, though a door or win-
dow of the cover be wide open.

Another fimilar precaution is fometimes necef-
fary in opening the door of the fire-place, which it
may be uleful to mention.—When the dampers in
the canals by which the fmoke goes off into the
chimney are nearly clofed, (which muft frequently
be done to confine and economife the heat,) if,:
without altering the damper, or the regifter in the

afh-
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ath-pit door, the fire-place door be fuddenly open-
ed, it will frequently happen that fmoke, and fome-
times flame, will rufh out of the fire-place by this
paflage. This accident may be eafily and effect-
ually prevented, either by opening the damper, or
by clofing the regilter of the ath-pit door, the mo-
ment before the fire-place door is opened.—This
precaution fhould be attended to in all fire-places
of all dimenfions, conitrutted on the principles I
have recommended.

To economife the time and the patience of my
reader as far as it is poflible, without fupprefling
any thing eflential relating to the fubje¢t under
confideration, I fhall give him, in a very fmall
compals, the general refults of a fet of Experi-
ments which coft me more labour (or at lealt more
time) than it would coft him to read all the Effays
I have ever written. I believe I am fometimes too
prolix for the tafte of the age,—but it fhould be
remembered that the fubjeéts I have undertaken to
inveftigate are by no means indifferent to me ;—
that I conceive them to be intimately conneéted
with the comforts and énjoyments of mankind ; —
and that a habit of revolving them in my mind,
and refleting on their extenfive ufefulnefs, has
awakened my enthufiafm, and rendered it quite
impoflible for me to treat them with cold indif-
ference, however indifferent or tirefome they may
appear to thofe who have not been accultomed to
‘view them in the fame light,

I have
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- I have already given an account, in all its va-
rious details, of one Experiment which was made,
(on the 15th of April 1795,) with the Boiler we
have juft been defcribing (fee page 78). Ifhall now
recapitulate the general refults of that Experiment,
and compare them with the mean refults of two
other like Experiments made with the fame Boiler.

Quantity of water in the Boiler -
Temperature of the water in the
Boiler at the beginning of the
Experiment - « - - .
Time required to make the water
] N
Fuel employed to make the water
o e G R
Time the water continued boil-
Fuelgadded to keep the water

boiling - - - -

Kind of Fuel ufed e e

Precise Resvrts of the
Expcrimenls.

uantity of ice-cold avater which
might be heated 180°, or made
to boil, with the heat gene-
rated in the combuftion of 1 /&.
of the Fuel L T
T 1mE in which, according to the
refult of the Experiment, ice-
cold awater might (at Munich)
be made to beil with the given
proportion of Fuel - - - -
Quantity of bailing-hot avater
kept boiling one hour with the
heat generated in the com-
buftion of 11b. of the Fuel -

Experiment | Experiment
No. 27. No. z8.
12,5081bs, | 12,508 lbs.
ﬁl:P ssﬂ
3 h. 40 min. | 3 h. 48 min.
800 Ibs. Bz; Ths.

2 ht 11-3 mil'l- —

100 lbs. —
Pine-wood Pine-wood
12.06 lbs. 12.70 Ibs.

4h, zomin. | 4h. 20 min.

339.80 Ibs.

—
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On comparing the refults of thefe Experiments
with thofe made in the Boilers of the kitchens of
the Houfe of Induftry and Military Academy, I
was led to imagine that either the Boiler, or the
fire-place of the Brewery, or both, were capable
of great improvement ; for in fome of the Experi-
ments with thefe fmall kitchen Boilers, the Eco-
nomy of Fuel had been carried fo far, that with
the heat generated in the combufiion of 1lb. of
pine-wood, it appeared that 20 lbs. of ice-cold
water might have been made to boil ;—but here,
though the machinerywas on a fcale fo much larger,
(and I had concluded, too rafhly indeed, as will be
fhown hereafter, that the larger the Boiler the
greater is of courfe the Economy of Fuel,)—the
refults of thefe Experiments indicated, that not
quite 13 lbs. of ice-cold water: could have been
made to boil with the heat furnifhed in the com-
buftion of 1 Ib. of the wood. _

The Experiments, No. 22, No. 25, and No. 26,
which were made with the largeft of my kitchen
Boilers, had, it is true, afforded grounds to fufpeét
that, beyond certain limits, an increale of fize in
a Boiler does not tend to diminifh the expence of
Fuel in the procefs of heating water ; yet, as all
my other Experiments had tended to confirm me
in the opinion I had, at an early period, imbibed on
that fubject, I was difpofed to fufpeét any other
caufe than the true one of having been inftru-

mental in producing the unexpected appearances I
obferved.

1 was



108 Of the Management of Fire,

I was much difappointed, 1 confefs, at finding
that the Brewhoule Boiler, notwithftanding all the
pains I had taken to fit up its fire-place in the moft
perfet manner, and notwith{tanding its enormous
dimenfions, when compared with the Boilers I had
hitherto ufed in my Experiments, fo far from an-
fwering my expeétations, actually required confi-
derably more Fuel, in proportion to its contents,
than another Boiler fitted up on the fame prin-
ciples, which was not one fiftieth part of its fize.

This unexpelted refult puzzled mej;—and I
muft own that it vexed me, though I ought per-
haps to be athamed of my weaknefs ;j—but it did
not difcourage me. Finding on examining the
Boiler, that its bottom was very thick, compared
with the thicknefs of the fheet copper of which my
kitchen Boilers were conftruted, it occurred to
me that poffibly #hat might be the caufe, or at leaft
one of the caufes, which had made the confumption
of Fuel fo much greater than I expeéted ; and as
there was another Brewhoufe in the neighbour-
hood belonging to the Eleétor, which, luckily for
me, ftood In need of a new Boiler, I availed my-
felf of that opportunity to make an Experiment,
which not only decided the point in queftion, but
alfo ‘eftablifhed a new fa&t with regard to heat,
which I conceive to be of confiderable importance,

Having obtained the Ele¢tor’s permifiion to ar-

range the fecond Brewhoufe as I fhould think beft,

I determined to fpare no pains to render it as per-
fett as pofiible in all refpects, and particularly in
i : every
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every thing relating to the Economy of Fuel. As
in brewing, in the manner that bufinefs is carried
on in Bavaria, where the whole procels, in as far as
Fire is employed in it, is begun and finithed in the
courfe of a day, the faving of time, in heating the
water and boiling the wort, is an object of almoft
as much importance as that of economizing Fuel,

and confequently demanded particular attention.
The means I ufed for the attainment of both
thefe objects will be evident from the following de-
feription of the Boiler and its fire-place, which I
caufed to be conitructed, and which are repre-
fented in all their details in the Plates I1I, IV, and V.
This. Boiler is 12 (Bavarian) feet long, 10 feet
wide, and only 2 feet deep. The fheet copper of
which it is made is uncommonly thin for a Boiler
of fuch large dimenfions, being at a medium lefs
than ene-tenth of an Englith inch in thicknefs. This
Boiler, when finithed, weighed no more than
674 Ibs. Bavarian weight, equal to 8341 Ibs. Avoir-
dupois, exclufive of 64 lbs. of copper nails ufed in

fivetting the fheets of copper together. -
The top of the Boiler is furrounded by a ftrong
eurb (a, b, Fig. 17.) of oak timber, to which it is
attached by ftrong copper nails, and over the Boiler
is built a roof, or ftanding cover, (fee Fig. 17.)
fimilar in all refpeét to that alrea?' defcribed. The
bottom of the Boiler is flat, and repofes horizon-
tally on the top of the thin brick walls by which
the fire-place is divided into flues. (See Fig. 18.)—
Thefe flues do not run in the diretion of the length
of
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of the Boiler, but from one fide of it to the
other ; —confequently the door of the fire-place is
in the middle of one fide of the Bailer.

The fheets of copper, of which the bottom of
the Boiler was conftru&ed, run in the direction
of the flues; and they are jult fo wide that their
feams or joinings (where they are united to each
other by their fides) repofe on the walls of the flues,
except only in the middle flue, which, being about
twice as wide as the others, one feam was neceffarily
left unfupported, at leaft a confiderable part of its
length.—T he fheets of copper ufed in conftructing
this part of the bottom of the Boiler are rather
thicker and ftronger than the reft : They are jult
o.118 of an Englifh inch in thicknefs.

The Fire is made under this Boiler in the middle
flue, which, as I have juft obferved, is a little more
than twice as wide as one of the other flues. There
are five flues under the Boiler ; namely, one in the
middle 44 inches wide, above, in the clear, (which
conftitutes the fire-place,)—and two on each fide
of it, in which the flame circulates ; one 20 inches
wide, and the other 19 inches wide.

The fide flues are each 14} inches deep ;—but as
the walls which feparate them are much thicker
below than above, where the bottom of the Boiler
repofes on them, the width of thefe flues below is
only 13 inches.—The walls of thefe flues are fhown,
by dotted lines in Fig. i7.

The walls which feparate the flues do not run

quite from one fide of the Boiler to the other; an
opening

- — L]
i A
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opening being left at one end of each of them
equal to the width of one of the narrow flues for
the paflage of the flame from one flue into another,
without its going from under the Boiler.

The Fire being made (on a circular grate) in the
middle flue (fee Fig. 18.), the flame pafles on in
this flue to its farther end, and then, dividing to
the right and left, comes forward in the two ad-
joining fide-flues. Having arrived at the wall
which fupports the front of the Boiler, it turns
again to the right and left ; and, entering the two
outfide flues, returns in them to the back of the
Boiler. Here it went out (before the fire-place was
altered) at two openings left for that purpofe in the
wall which fupports the back part of the Boiler,
and the two currents of flame uniting, entered a
canal 7 inches wide, and 16 inches high, which
goes all round the outfide of the Boiler. (See
Fig. 20.) Having made the circuit of the Boiler,
it went off by a canal (furnithed with a damper)
into the chimney.

From this defeription of the fire-place, it appears
that the flame and [moke generated in the com-
buftion of the Fuel in pafling through thofe dif-
ferent flues, made a circuit of above 70 feet, in
contact with the furface of the Boiler, before they
were permitted to efcape into the chimney. This
I thought muft be fuflicient to give thefe hot fluids
an opportunity of communicating to the Boiler all
the heat they could part with, notwithftanding the
difficuities which attend their getting rid of it: And
I concluded that the communication of their heat

to
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to the Boiler would be much facilitated and expe-
dited by the various eddies and whirlpools pro-
duced in the flame in confequence of the number of
abrupt turns and changes of direétion it was obliged -
to make in paffing under and round the Boiler.

As the Experiments which have been made with
this Boiler were conducted throughout with the
utmoft care and attention, and as their refults are
both curious and important in feveral refpects, I
have thought them delerving of being made known
to the Public in all their details.

An Account of three Experiments made at Mu-
nich the roth O¢&tober 1796, with the new
Boiler in the Brewery called Newbeufel, be-
longing to urs MosT SERENE HicHNEss the
Evector.—The weather being fair: The
barometer f{tanding at 28 Englith inches, and
Fahrenheit’s thermometer at 36°

Englih meafure, as found »Width ¢ — 7.723 ——

Dimenfions of the Boiler, in ) Length 11 feet G.oz iﬁche:,
by attuzl meafurement. Depth 2z — o0.20§ —

_ Contents of the Boiler, when quite full to the brim, 14,163 Ibs.
Bawvarian weight of water, at the temperature of §5°, equal
to 17,540 lbs. Avoirdupois, or zogg wine gallons.

in Bavarian weight,

in the beginning of each of the two — 8120 lbs,

The Boiler atually contained of water,
following Experiments, - - -

equal to 10,056 1bs. Avoirdupois, or nearly 1204 wine gallons.

The wood ufed in this and the following Experiments was
Pine, which had been moderately feafoned, and the billets were
3 feet 4] inches, Englith meafure, in length.

6 FirsT
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FirsT EXPERIMENT WITH THE NEW BOILER.

Experiment, No. 2q.

. . Temperature of
Time. Fire-wood put into ‘le water in the
the Fire-place. B lor
5= Number oi; Q:gantit; ﬂln'dcgr:es of Fah.
Hours. Min. Eilletss | in weight. | renheit’s Therm.
Ibs.
i1 31 AL M. 10 1] 50°
O 15 25 54
12 O = 5 2§ 64
— 10 P. M. 5 25 67
—_ 36 —- — — 85
N 4 25 T
=g e 5 25 95
I 12 = 7 24 10§
e 1 10 50 110
— 46 — 10 50 129
- (8 - 40 50 i
2 17 = 46 50 156
s R e — — 164
e s 1o §0 s
gL — —_ 173
e Ly — e —_ 180
sl i M 40 50 185
X 12 50 197
— 26 =— 20 25 20§
T = —  |the water boiled,
s h. 4 min. Wood confumed 1bs
employed, § ¢+ 4T » §75 lbs.

vOL. II. 1 The
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The boiling water being let off, and it. being re-
placed immediately with cold water, the Expen-
ment was repeated as follows :

Experiment, No. 30.

Quantity of Fire- [Temperature of
Time. wood put into the Jthe water in the
Fire- place -Boiler.
I'cumber of Q_anmy In degrees of Fah-
Hours. Min. Billets. |in -E;ight. renheit’s Therm.
y %
4 41 P. M, 40 50 6c°
TR 40 59 i
S e 10 50 86
_— 1b — 10 50 99%
— 29 — 10 50 14
— 42z — 10 50 126
-—_ 56 — 40 50 142
6 10 — 40 50 157
— 23 - — ™= 172
— 40 — 40 50
— 427 — — — 1851
TR READ 49 50 72l
7 DN — - 204
D — —  |the water boiled.

tm'gll;;id’ } zh, 26 min. Wood confumed, 550 lbs
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This boiling water being let off, the Boiler was
again filled (immediately) with cold water ; and in
this third Experiment the quantity of water was in-
creafed to 11,368 lbs. Bavarian weight,—equal to
14,078 Ibs. Avoirdupois, or 1685 wine gallons.

The refults of this Experiment were as follows :

Experiment, No. 21.
.P - Py

Quantity of Fire- j Temperature of
Time. wood put into the | the water in the
Fire-place. Boiler.
Number of [Quantity in § In degrees of Fah.
Hagurs. Min. Billets. weight. renheit’s Therm,
Ibs.
8 51 P.M, 8o 100 6530
R 40 50 79°
—_ 2 - 40 50 go
B g ! 40 50 107
- 57 = 40 (1] 118
1o 14 — 40 50 130
— 28 — 40 50 140
T ) T 40 50 I35
11 - - 40 50 165
— 15 — 40 [{e] 175
-— 30 — 40 50 182
— 45 = 40 50 2c0
31, 8 — — — !l‘.ht‘- water boiled.
A h, 7min. ’ﬁl"uud confumed, 650 lbs
employed, § 3™ 77" T e

12 The
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The following Table will thow the refults of
thefe three Experiments in a clear and fatisfattory

mManiicr .

vantity of water in the
Q-BHIIJ at the begin-
ning of the Experi-
ment, in Bawvarian
pounds - -
Temperature of the wa-
ter at the beginning of
the Experiment
Time employed in mak-
ing the water boil
Fuel (Pine wood) con-
fumed in making the
water boil, in Bavarian
pounds

- - =

Precife Refults of the Ex-

periments,

Quantity of ice-cold wa-
ter which might have
been heated 180 de-
grees, or made to boil
with the heat generated
in the combullion of
1 1b. of the Fuel

Time in which, accord
ing to the refult of the
Experiment, ice-cold
water might be made
to boil at Munich with
the given proportion of
Fuel -

Experiment|Experiment | Experiment
No. 29. | No. 30. | No. 31.
81zolbs. | 81201bs. | 17,368 lbs,

500 6o 6gio
4h. 4min.|zh, 26 min.| 3 h. 7 min,
5751bs. | srolbs, | 6501bs.
12.541bs, | 12.281bs. | 14.591bs.
$h. 31 minjzh. 59 min.lzh, 35 min.

I was furprifed, when I compared the refults of .
thefe Experiments with thofe made in the other
Brewhoufe,
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Brewhoufe, to find how little in appearaice I had
gained by the alterations I had introduced ; on a
more careful examination of the matter, however,
I found that I had gained much more than I at firft
imagined, both in refpeét to the Economy of Fuel,
and to that of Time. The amount of thefe ad-
vantages will appear from the following compari-
fon of the mean refult of thefe two fets of Experia
ments :

Precife Refults of the fore-

going Experiments.

Quantity of |to make ice-
ice-cold water'cold water Loil,
made te beil| according to
with 1 lb. oftherefult of che
the Fuel. Ighr:n Experi-

JTIm: required

Firft Set. 3 S

! 1bs. hrs. “min.
In the Experiment No. 27. ~— 12.06 4 20
In the Experiment No, 28, — 12.70 4 20
Sum — | 24.77 8 40

Means — | 12.385 4 2o

Second Ser,

In the Experiment No, 29. — 12.54 4 31
In the Experiment No. 30, = 12.28 2 gy
Sum — 24.82 F A Lo

Means — | 12.41 3 45

The mean refults of thefe two fets of Experi-
ments differ very little from each other in appear-
13 ance;
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ance ; and from this circumftance I fhall prove,
that the new Boiler is better adapted for faving
Fuel than the old.

By comparing the refults of the Experiments
made with the fame Boiler, but with different
quantities of water, we fhall conftantly find that the
expence of Fuel was /¢fs in proportion as the quan-
tity of water was greater. In the Experiment
No. 23, when 127 Ibs. of water were ufed, ‘the re-
{ult of the Experiment indicated that no more than.
12.74 Ibs. of ice-cold water could be made to boil
with the heat generated in the combuftion of 1 lb.
of the Fuel ufed ; but in the Experiment No. 26,
made with the fame Boiler, but when 4 times as
much water was ufed, or 508 lbs. it appeared
from the relult of the Experiment, that 1g.o1 Ibs.
of ice-cold water might be made to boil with 1 Ib,
of the Fuel.

Now, in the firft fet of the Experiments we
are comparing, as the quantity of water ufed
(12,508 lbs.) was much greater than that ufed in
the fecond fet (81201bs.), it is evident, that if the
conftruction of the machinery and the Management
of the Fire had been equally perfelt in the two cales,
the Economy of Fuel would have been greateft
where the largeft quantity of water was ufed ;—
that is to fay, in the firft fet of Experiments ;—but,
as that was not the cale, it is certain that the Boiler
ufed in the fecond fet is better adapted to econo-
mize Fuel than that ufed in the firft.
~ But we need not go fo far to fearch for proofs
of that fact. The refult of the Experiment No. 31

is
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is alone fufficient to put the matter beyond doubt.
In this Experiment, in which the quantity of water
(though f{till confiderably fhort of that ufed in the
former fet of Experiments) was augmented from
8120 1bs. to 11,368 Ibs. the faving of Fuel was fo
much increafed as to thow in a decifive manner the
fuperiority of the new Boiler.

Quantity of |Time required
ice-cold w:mr1tu make ice-
made to boillcold water boil,

with 1 Ib, of} according to
the Fuel. |the refult of the

Experiment.
The Precife Refults
Of this Experiment (No. 31.) were 1bs. hrs. min,
as follows, — _— = 14.59 3 37

In the Experiments No. 27 and
No. 28, they were, at a medium, | 12,385 4 20

The difference in the expence of Fuel in thefe
Experiments with thefe two Boilers is by no means
inconfiderable ; it amounts to above 14 per cent.
and would have amounted to more, if more time
had been allowed for heating the water in the Ex-
periment with the new Boiler; for it is ealy to
fhow— (what indeed was clearly indicated by all
the Experiments)—that, in caufing liquids to boil,
the quantity of Fuel will be lefs in proportion as
the time employed in that procefs is long; or,
which is the fame,—as the Fire i1s fmaller : And the
faving of Fuel arifing from any given prolongation
of the procefs, will be the greater as the fire-place
is more perfect, and as the means ufed for confin-
ing the heat are more effetual.

* 14 Though,
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Though the general refults of thefe two fets of
Experiments afforded abundant reafon to conclude
that the alterations I had introduced in arranging
the new Boiler were real improvements ; yet, when
I compared the quantity of Fuel confumed in the
Experiments with this new Boiler, with the much
{maller quantities, in proportion to the quantity of
water, which were employed in fome of my former
Experiments with kitchen Boilers, 1 was for fome
time quite at a lofs to account for this difference.
In all my Experiments with Boilers of different
fizes, from the fmalleft faucepan up to the largeft
kitchen Boilers, I had invariably found that the
larger the quantity of water was which was heated,
the /efs, in proportion, was the quantity of Fuel ne-
ceffary to be employed in that procefs ; and fo en-
tirely had that prejudice taken poflfeflion of my
mind, that when the firongeft reafons for doubt
prefented themfelves, they were overlooked ; and
it was not till I had fearched in vain on every fide
to difcover fome other caufe to which I could attri-
bute the unexpelted appearance that embarrafled
me, that I was induced,~I may fay forced,—to
abandon my former opinion, and to be convinced
that what I had too haftily confidered as a general
law, does not in fact obtain but within narrow
iimits ;—that although, in heating certain qualities
of liquids, there is an advantage in point of the
Economy of Fuel in performing the procefs on a-
farger fcale, in preference to a fmaller one; yet,
when the liquid to be heated amounts to a certain

quantity,
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quantity, this advantage ceafes ; and 1if it exceeds
that quantity, it is attended with an expence of
Fuel proportionally greater than when the quan-
tity is lefs.

What the fize of a Boiler muft be, in order that

the faving of Fuel may be a maximum, I do not pre-
tend to have determined. I think however that
‘there are fome rcafons for fufpeéting that it would
not be larger than fome of the kitchen Boilers
ufed in my Experiments. But I recollect to have
promifed my Reader, that I would not give him
my opinion, without laying before him at the fame
time the grounds of thofe opinions.—In the prefent
cafe they are as follows : '

In an Experiment of which 1 have aiready given
an account (No. 3.), 7:+ lbs. of water, at the
temperature of 58°, were made to boil in a fauce-
pan fitted up in my belt manner, in a clofed fire-
place ; and the wood confumed was 11lb. This
gives for the precife refult of the Experiment,
6.68 Ibs. of ice-cold water made to boil with 1 Ib.
- of the Fuel.

In another Experiment (No. 12.) made with
one of the fmall Boilers belonging to the kitchen
of the Military Academy, fitted up on the fame
principles, 43.63 Ibs. of water, at the temperature
of 60°, were made to boil with 3 lbs. of wood.
This gives 11.93 Ibs. of ice-cold water made to
boil with 1 lb. of the Fuel.

Again, in the Experiment No. 20, which was
made with a larger Boiler belonging to the fame

kitchen.,
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kitchen, and fitted up in the fame manner, 187 Ibs.
of water, (equal to about 28 gallons,) at the tem-
perature of 55°, were made to boil with the com-
buftion of 8 Ibs. of fire-wood. This gives 20.10 Ibs.
of ice-cold water made to boil with 1lb. of the
wood ;—and farther than tiiis I have not been able
to pufh the Economy of Fuel.

In the Fxperiment No. 26. a Boiler was ufed,
which had been conftructed with the exprefs view
to fee how far it was poflible to carry the Economy
of Fuel in culinary procefles ; and it was fitted up .
with the utmoft care, and on the moft approved
principles.  AsI thought at that time that a large-
fized Boiler was eflential to the economizing of
Fuel, this Boiler was made to contain 106 gallons.
In the Experiment in queftion it actually contained
508 Bavarian pounds of water, (or about 63 gal-
lons,) at the temperature of 48°; and to make this
water boil, 24 1bs. of wood were confumed. is
gives 19.01 lbs. of ice-cold water made to boil with
11b. of Fuel. Hence it appears that the expence
of Fuel was greater in this Experiment than in
that laft-mentioned.

Again, in the Experiment No. 31. when no
lefs than i1,3%81bs. or 168 ¢ gallons, of water were
heated and made to boil in the new Brew-houfe
Boiler ; the wood confumed amounted to 650 lbs.
which (as the temperature of the water at the be-
ginning of the Experiment was 652°) gives for the
precife refult of the Experiment, 14.59 lbs. of ice-
cold water made to boil with the heat generated in
the combultion of 1 Ib. of the Fuel.

As
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As the relative quantities of Fuel expended in
the Experiments are inverfely as the numbers ex-
prefling the quantities of ice-cold water, which,
from the refult of each Experiment, it appears
might have been heated 180 degrees, or made to
boil, under the mean preflure of the atmofphere
at the level of the fea, with the heat generated in
the combuftion of 1 Ib. of the Fuel ; it is evident
that thefe numbers meafure very accurately the
different degrees to which the Economy of Fuel
was carried in the different Experiments. The
Economy of Fuel in heating liquids depending on
the quantity of the liguid, as fhown by the foregoing
Experiments, may therefore be exprefled fhortly
in the following manner :

Quantity of wa- | Degrees to

ter heated in the | which the Eco-

Experimert, iz | nomy of the
Bawarian lbs. | Fuel was carried.,

L 3 g ™ ibs.

In the Experiment No. 3, 7-93 6.68
No. 12, 43.63 11.93
No. 16, 187 20.10
No. 26, 508 19.01
No. 31, 11,368 14-59

Before I take my leave of this fubjeét I would
jult remark, that the caufe of the appearances ob-
ferved in the Experiments may, I think, be traced
to that property of flame from which it has been
denominated a non-condutor of heat : —For if the
different particles of flame give off their heat only

ta
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to bodies with which they actually come into eon=
tact, the quantity of heat given off by it will be,—
not as its wvolume, (and confequently not as the
quantity of Fuel confumed,) but rather as its fur-
face. And as the furface of the flame, when fire-
places are fimilar, is proportionally greater in fmall
than in large fire-places ;—the furfaces of fimilar
bodies being as the fguares of their correfponding
fides, while their volumes are as the cubes of thofe
fides ;—it is evident that, on that account, lefs heat
in proportion to the quantity generated in the coms
buftion of the Fuel ought to be communicated to
the Boiler, when the fire-place and Boiler are large,
than when the procefs is carried on upon a fmaller
fcale.

There are, however, feveral other circumftances
to be taken into. the account in determining the
effefts of fize in the machinery neceffary for boil-
ing liquids ; and one of them, which has great in-
fluence, 1s the heat abforbed by the mafonry of t?
fire-place. This lofs will moft undoubtedly be the
imaller, as the fire-place is larger ; but to deter-
mine the exact point when, the faving on the one
hand being juft counterbalanced by the lofs on the
other, any augmentation or diminution of fize in
the machinery would be attended with a pofifive
lofs of heat, is not eafy to be afcertained. Pros
vided however that proper attention be paid to the
Management of the Fire, and that as much heat as
poflible be generated in the combuftion of the Fuel
—(which may always be done in the largelt fire-

place
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place as well, if not better, than in fmaller ones);
as that part of the heat which goes off in the fmoke
is indubitably loft, a thermometer placed in the
chimney would indicate, with a confiderable degree
of precifion, the perfettions or imperfeftions of
the fire-place.

It is well known that the fmoke which rifes from
the chimnies of the clofed fire-places of very large
Boilers is much hotter than that which efcapes from
fmaller fire-places; and I am furprifed that this
fact, which has long been known to me, fhould
not have led me to fufpe& that the walte of Fuel
was proportionally greater in thefe large fire-places
than in fmaller ones.

Befides the Experiments of which I have given
an account, feveral others were made with the new
Brewhoufe Boiler ; and, among others, four Ex-
periments were made on four fucceeding days, in
_ brewing Beer ; and it was found that confiderably
lefs Fuel was expended in thefe trials, than was
neceflary in brewing the fame quantity of beer in
the other Brewhoule, in which I firft introduced
my improvements. ~ But though the alteration of
form, diminution of the thicknefs of the metal, &c.
which I had introduced in conftruéting the new
Boiler, and alfo in the manner of fitting it up, had
produced a confiderable faving of Fuel, yet it was
not accompanied by a proportional faving of time.
I had flattered myfelf that by making the Boiler
wery thin and wvery foallsw, 1 fhould bring its con-
tents to boil in @ wery fhort time ; but 1 did not con-

5 fider
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fider how much time is neceffary for the combuf-

tion of the Fuel necgfary for heating fo large a

quantity of water ; otherwife my expeétations on
this head would have been lefs fanguine. The
quantity of heat generated in any given time being
as the quantity of Fuel confumed, it muft depend in
a great meafure on the fize of the fire-place; and
when it is required to heat a large quantity of
water, or of any liquid, in a very fhort time, either
the fire-place muft be large, or (what in my opinion
would be ftill better) a number of feparate fire-
places,—two or three, for inftance,—muft be made
under the fame Boiler. The Boiler thould be made
wide and fhallow, in order to admit of a great num-
ber of flues, in which the flame and fmoke of the
different Fires fhould be made to circulate fepa-
rately under its bottom.

The combuftion of the Fuel, and confequently

the generation and communication of the heat, -

may in the fame fire-place be confiderably accele-
rated by increafing the draught (as it is called ) of the
Fire ; which may be done by increafing the height
of the chimney, or by enlarging the canal leading
to the chimney, and keeping the damper open,
when that paflage is too fmall ;—or by fhortening
the length of the flues.

The mafter brewer having exprefled a with that
fome contrivance might be ufed by which the water
might be made to boil a little fooner in the new
Boiler, I made an alteration in its fire-place which

completely anlwered that purpofe,
6 But

&
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But befides the defire I had to oblige the mafter
brewer, (who only thought how he could contrive
to finifh as early as poflible his day’s work,) I had
another, and much more important objeét in view.
Having had reafon to fufpect that flues which go
- round on the outfide of large Boilers do little more
than prevent the efcape of the heat by their fides,
—which, with infinitely lefs trouble and lefs ex-
pence, may be prevented by other means,—I was
defirous of finding out, by a decifive Experiment,
the real amount of the advantages gained by thofe
flues ; or the faving of Fuel which they produce.
And as [ was confident that the fuppreflion of the
flue which went round the new Boiler would in-
creafe the draught of the fire-place,and accelerate the
combultion of the Fuel, I concluded that if my opi-
nion was well founded with refpe& to the fmall-
nefs of the advantages derived from thefe fide
flues, the increafe of heat arifing from the accelera-
tion of the combuftion occafioned by the increafed
draught on clofing them upwould more thancounter-
balance the lofs of thofe advantages, and the time
employed in heating the water would be found to
be atually lefs than it was before.

The refults of the following Experiments thow
how far my fufpicions were founded.

Experiment, No. 32.

The flue round the outfide of the new Brewhoufe
Boiler bhaving been clofed up, and two canals
(@ and b, Fig. 21.) formed from the end of the two

outfide
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outfide flues of thofe fituated under the Boiler, by
which two canals (which were both furnithed with
dampers) the fmoke pafled off from under the
Boiler diretly into the chimney; the Experiment
No. 31. which was made with the fame Boiler be-
fore the outfide flues were clofed up, was now re-

peated with the utmoft care, in order to afcertain

the effeéts which the clofing up of thofe flues would
produce. The quantity of water in the Boiler, and
its temperature at the beginning of the Experiment,
were the fame ;—the wood ufed as Fuel was taken

from the fame parcel, and it was put into the fire-
P P
place in the fame quantities, and at the fame intervals

of time ;—in fhort, every circumf{tance was the fame
m the two Experiments, excepting only the altera-
tions which had been made in the fire-place. As
the length of the flues through which the flame and
fmoke was obliged to pafs to get into the chimney
had been diminithed more than half, (or reduced
from 70to about3o feet,) the ftrength of thedraught
of the fire-place was much increafed, as was evident
not only from the increafed violence of the combuf-
tion of the Fuel, which was very apparent, but alfo
from another circumftance, which I think it my
duty to mention. . Before the flue round the Boiler
was clofed, if too much Fuel was put into the fire-
place at once, it not only did not burn with a clear
flame, but frequently the {moke, and fometimes
the flame, came out of the fire-place door, even
when the damper in the chimney was wide open ;
but after this flue was clofed up, it was found to b
hardly

e |
e
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hardly poffible to overcharge the fire-place, and
the Fuel always burned with the utmoft vivacity.

I ought to inform my Reader, that though the
entrance into the flue which went round the out-
fide of the Boiler was clofed, and another and a
fhorter road opened for the flame and fmoke to
pafs off into the chimney, yet the cavify of the
flue remained ; and by means of openings (c. c. c.
c. c. ¢. Fig.21. Plate V.) about f{ix inches fquare
in the brick-work which fcparated this old road
(which was now fhut up) from the flues under the
Boiler, the flame was permitted to pafs into this
cavity, and to {pread itfelf round the outfide of the
Boiler. This contrivance (which I would recom-
mend for all Boilers) not only prevents the elcape
of the heat out of the Boiler by its fides, but_ con-
tributes fomething towards heating it ; and as the
- openings in the fides of the flues do not fenfibly im-
pede the motion of the flame, they can do no
harm.

As the two Experiments, the refults of which I
am about to compare, were made with the greatelt
care, and as they are on feveral accounts uncom-
monly interefting, I fhall place them in a confpi-
¢uous point of view

YOL. Iis R A Comi»
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A ComraraTIVE View of Two EXPERIMENTS
made with a2 new Brewhoufe Boiler.

Thoe time is reckoned from the beginning of the Expes
riment, and was the fame in both Experiments.
Luantity of water in the Boiler 11,368 lbs. Bava-

rian weight.

Fuel put into the

Heat of the water in the

fire-place, Boiler,
Time from
the begin- R
ring of the Experiment Experiment
Experiment. ] Number | Quantity No. 31, No. 32,
of billets. |in weight. | (outfide flue {outfide flue
open). clofed).
hrs. min. No. Ibs. degrees. degrees.
—_— 8o 100 653 65t
o 16 40 50 79 8z
D50 45 5¢ Qo 94
o 53 40 50 107 110
N ] 40 50 118 122
I 23 40 50 130 135
437 40 50 140 1 g;r
1 54 40 50 155 160
Zrilg 40 50 165 171
2 28 40 1{s 17§ 182
2 39 40 50 182 191
Z2 54 " 40 o 200 —
z gg — ~5- — boiled
3 7 == — boiled —

Having found by comparing the relults of thefe
two Experiments, that I had loft nothing in refpect
to the Economy of Fuel, by fhutting up the outfide
flue of my Boiler, I was now defirous of afcer-
taining how much I had gained in point of time,

oY
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“or how much the increafed draught of the fire-place,
in confequence of its flues being fhortened, en-
abled me to abridge the time employed in cauf-
ing the contents of the Boiler to boil, in cafes in
which it fhould be advantageous to expedite that
procefs at the expence of a fmall additional quan-
tity of Fuel.

By the following Experiment, in which the com-
buftion of the Fuel was made as rapid as poflible
by keeping the fire-place full of wood, and the re-
gifter in the afh-pit door and the damper in the
chimney conftantly quite open, may be feen how
far I fucceeded in the attainment of that object.
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Experiment No. 33.

The Boiler contained 11,368 lbs. Bavarian
weight of water at the temperature of 47°. The
Fuel ufed was pine-wood, moderately feafoned, in
billets three feet four inches long, and fplit into
fmall pieces of about 1lb. each, that it might
burn the more rapidly.

This Experiment was made the 2gth of Novem-
ber 1796, the barometer ftanding at 26 inches 8.7
lines Paris meafure, and Fahrenheit’s thermometer

at 33°%

Tempera-
Fuel put into the |rtareof the
Time. | fire-place. water in

the copper.

Y

hrs. min. Ibs. degrees.
200 . 100 47
o 14 100 58
o 34 100 28
o 51 10 100
g 100 123
o 2§ i00 144
o 39 100 158
4. 7O 100 -

o 10 — 200
o 17 e boiled

Time employed -z 17 | Wood confumed - 8oo

In the Experiment No. 32, the fame quantity
of water at the temperature of 651° was made to
boil in 2 hours §g minutes, with the confumption
of 625 Ibs. of the fame kind of wood. Had the
water in this Experiment been as cold as it was in
the Experiment No. 33, (namely at the tempera-

ture
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ture of 47°,) inftead of 625 Ibs., 705 Ibs. of the
Fuel would have been neceffary ; and the procefs,
inftead of lafting 2 hours and 59 minutes, would
have lafted 3 hours and 22 minutes.

Hence we may conclude, that to abridge 1 hour
and § minutes of 3 hours and 22 minutes in the
procefs of boiling 11,368 Ibs. of water, this cannot
be done at a lefs additional expence of Fuel than
that of g5 Ibs. of pine-wood ;—or, to abridge the
time one-third, there muft be an additional expence
of about ene-eighth more Fuel.

In fome cafes it will be moft profitable to fave
time, in others to economife Fuel ;—and it will al-
ways be defirable to be able to do either, as circum-
ftances may render moft expedient.

From a comparifon of the quantities of Fuel con-
fumed, and confequently of heat generated, in the
fame time, with the quantities of heat aétually com-
municated to the water, in the Experiments
No. 32 and No. 33, during this time, an idea may
be formed of the great quantity of heat that may
remain in flame and fmoke after they have paffed
many feet in flues under the thin bottom of a Boiler
containing cold water; and this thows with how
much difficulty thefe hot vapours part with their
heat, and how important it is to be acquainted with
that fact in order to take meafures with certainty
for economifing Fuel.

I bave been the more particular in my account
of thefe Experiments with large Boilers, as I believe
no Experiments of the kind on {o large a fcale have
been yet made; and as they were all conducted

K 3 with
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with care, their refults have intrinfic value inde-
pendent of the particular ufes to which I have ap-
plied them.

As in the countries where this Effay is likely to
be moft read, pit-coals are more frequently ufed as
Fuel than wood, it will not only be fatisfaétory, but
in many cafes may be really ufeful to my Reader to
know the relative quantities of heat producible
from coals and from wood ; in order to be able to
compare the refults of Experiments in which coals
* are ufed as Fuel, with thofe of which I have here
given an account ; or to determine the quantity of
coals neceflary in any procels which it 1s known
may be performed with a given quantity of wood.

It was my intention to have made a fet of Expe-
riments on purpofe to determine the relative quan-
tities of heat producible from all the various kind
of combuitible bodies which are ufed as Fuel ; and
I made preparations for beginning them, but I have
not yet been ableto findleifure to attend tothefubject.

The moft fatisfactory account I have been able
to procure refpecting the matter in queftion, is one
for which I am indebted to my friend Mr. Kirwan.
By this account, which he tells me is founded on
Experiments made by Mr. Lavoifier, it appears,
that equal quantities of water, under equal furfaces,
may be evaporated, and confequently equal heats
produced,

By 403 Ibs. of Coaks By 17 of Coaks
oo — of Pit-coal St e 10 of Pit-coal
600 — of Charcoal { OF 10 Mmealur 40 of Charcoal

1089 — of Qak ; 33 of Oak.
I with
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- T'with T were at liberty to tranfcribe the inge-
nious and interefting oblervations which accom-
panied this eftimate; but as they make part of a
work which I underftand is preparing for the
Prefs, I dare not anticipate what Mr. Kirwan will
himfelf foon lay before the Public.

According to this eftimate it appears that
1089 Ibs. of oak produces as much heat in its
combuftion as 6colbs. of pit-coal. Now, if we
" fuppofe that the pine-wood ufed in my Experi-
ments is capable of producing as much heat per
pound as oak,—and I have reafon to think it does
not afford lefs,—from the quantity of pine-wood
ufed in any of my Experiments, it is eafy to alcer-
tain how much coal would have been neceffary to
generate the fame quantity of heat; for the weight
of the coal which would be required is, to the
weight of the wood atually confumed, 6oo to
1089,

In one of my Experiments (No. 31,)~11,3681bs.
of water, at the temperature of 65+°, were made
to boil with 650lbs. of pine-wood. As, when the
Experiment was made, the mercury in the baro-
meter {tood at about 28 Englifh inches, the tem-
perature of the water when it boiled was only
209+° confequently its temperature was raifed
(209:—65+) 144 degrees. Had the water been
boiled in London, or in any other place nearly on
a level with the furface of the fea, it muit have

been heated to 212° to have been made to boil,
K 4 conie-
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confequently its temperature muft have been raifed
146.°; and to have done this, inftead of 650 Ibs.
of wood, 661% lbs. would have been required;
(144° isto 146% as 650lb. to 6612 Ibs.)

If pit-coal were ufed inftead of wood, 363%lbs.
of that kind of Fuel would have been fufficient ;—
for the quantities of different kinds of Fuel required
to perform the fame procefs being inverfely as the
quantities of heat which equal weights of the given
kinds of Fuel are capable of generating, or directly
as the quantities of the kind of Fuel in queftion,
which are required to produce the fame heat, it is
1089 to 600, as 661 lbs. of wood te 363% lbs. of
coal, fuppofing the foregoing eftimate to be exact.

Whether it would be poflible to caufe {o large 2
quantity of water, (1681 wine gallons,) at the given
temperature, (65+°,) to boil, with this fmall quan-
tity of coal, I leave to thofe who are converfant in
Experiments of this kind to determine. _

From the refult of my 20th Experiment it ap-
peared that 2o/ Ibs. of ice-cold water might be
heated 180 degrees, or made to boil under the
mean preflure of the atmofphere at the level of the
furface of the ocean, with the heat generated in the
combuftion of 1 Ib. of pine-wood. Computing
from the refult of this Experiment, and from the
relative quantities of heat, producible from pine-
wood, and from pit-coal, it appears that the heat
generated in the combuftion of &ib. of pit-ceal,
“would make 36% lbs, of ice-cold water boil.
Hence
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Hence it appears that pit-coal fhould heat 36
times its weight of water, from the freezing point
to that of boiling ;—and as it has been found by
Experiments made with great care by Mr. WarT,
that nearly 5% times as much heat as is fufficient
to heat any given quantity of ice-cold water to the
boiling point, is required to reduce that fame quan-
tity of water, already boiling-het, to fteam ; accord-
ing to this eftimation, the bsat generated in the
combuftion of 1 Ib, of coal fhould be fufficient
to reduce very nearly 7 Ibs. of boiling-hot water
to fteam. .

How far thefe eftimates agree with the Experi-
ments that have been made with {team-engines, I
know not ; but there feems to be much realon to
fufpet that the expence of Fuel, in working
thofe engines, is confiderably greater than it ought
to be, or than it would be, were the Boilers and
Fire-places conftructed on thebelt principles, and

the Fire properly managed. -
*In attempts to improve, it is always very defir-
able to know exaltly what progrefs has been
made ;—to be able to meafure the diftance we
have laid behind us in our advances; and alfo that
which ftill remains between us and the objelt in
view. The ground which has been gone over is
eafily meafured ; but to eftimate that which ftill
lies before us is frequently much more difficult.

The advances I have made in my attempts to
mmprove fire-places, for the purpofe of economif-
mg Fuel, may be eftimated by the refults of the

Experiments
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Experiments of which I have given an account in
this Iiflay ; but it would be fatisfactory no doubst
to know how much farther it is poflible to puth the
Economy of uel.

In my 4th Experiment, %23 lbs. of water, at the
temperature of §8°, were made to boil, at Munich,
with 6 lbs. of wood. If, from the refult of this
Experiment, we compute the quantity of ice-cold
water which, with the heat generated in the com.
buftion of 1 Ib. of the Fuel, might be heated 180
degrees, or made to boil, it will turn out to be
only 1 Ib. or more exaétly 1.11 Ib.

According to the refult of the Experiment
No. 20, it appeared, that no lefs than 20,% lbs.
of ice-cold water might have been made to boil
with the heat generated in the combuftion of 1 Ib,
of pime-wood.

It appears, therefore, that about cighteen times as
much Fuel, in proportion to the quantity of water
heated, was expended in the Experiment No. 4, as
in that No. 20; and hence we may conclude with
the utmoft certainty, that of the heat generated, or
which, with proper management, might have been
generated in the combultion of the Fuel ufed in
the 4th Experiment, lefs than ., part was em-
ployed in heating the water ;—the remainder,
amounting to more than . of the whole quantity,
being difperfed and loft.

I ventured to give it as my opinion in the begin.
ning of this Effay, that * not lefs than feven-cighths

¢ of the heat generated, or which, with proper ma-
6 ‘“ nagement,
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“ nagement, might be generated from the Fuel ac-
¢ tually confumed, is carried up into the atmofphere
¢¢ with the fmoke, and totally loft.”—I will leave
it to my Reader to judge whether this opinion was
not founded on good and fufficient grounds.

But though it be proved beyond the poffibility
of a doubt, that the procefs of heating water was
performed in the 20th Experiment with about ¢
part of the proportion of Fuel which was ac-
tually expended in the 4th Experiment, yet nei-
ther of thefe Experiments, nor any deductions that
can be founded on their refults, can give us any
light with refpect to the rea! lofs of heat, or how
much lefs Fuel would be fufficient were there no
lofs whatever .of heat. The Experiments fhow
that the lofs of heat muft have been at lealt eightecn
times greater in one cafe than in the other; but
they do not afford grounds to form even a probable
conjecture refpecting the amount of the lofs of heat
in the Experiment in which the Economy of Fuel
‘was carried the fartheft, or ‘the poffibility of any
farther improvements in the conftruétion of fire-
places. I fhall, however, by availing myfelf of the
labours of others, and comparing the refults of
their Experiments with mine, endeavour to throw
fome light on this abftrufe fubjett.

Dottor CrawrorD found, by an Experiment
contrived with much ingenuity, and which appears
to have been executed with the utmoft care, that
the heat generated in the combuftion of 30 grains

of
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of charcoal raifed the temperature of 311bs. 7 oz.
Troy=181,920 grains, of water, 1.%,; degrees of
Fahrenheit’s thermometer, wben none of the heat
generated was fuffered to ¢feape.

- Butif gograins of charcoalare neceffaryto raife the
temperatureof 181,920grains of water 1,5, degrees,
it would require 3157.9 grains of charcoal to raile
the temperature of the fame quantity of water
180 degrees, or from the point of freezing to that
of boiling ; for it is 1.71° to 30 grains, as 180° to
3157.9 grains. Confequently the heat generated
in the combuftion of 1 1b. of charcoal would be
fufficient to heat §7.608 lbs. of ice-cold water 180
degrees, or to makeit boil ;—for 3157.9 grains of
charcoal are to 181,920 grains of water as 11b. of
charcoal to §7.608 Ibs. of water.

From the refults of Mr. Lavoisier’s Experi.
ments, it appeared that the quantities of heat gene-
rated in the combuftion of equal weights of char-
coal and dry oak, are as 1089 to 6co. Hence we
may conclude, that equal quantities of heat are ge.
nerated by 1 Ib. of charcoal and 1.81 5 Ibs. of oak
confequently that the heat generated in the coms-
buftion of 1.8 15 Ibs. of oak, would heat 57.608 lbs,
of ice-cold water,—or 11b. of oak, 31.74 Ibs. of
ice-cold water 180 degrees, or caufe it to boil ;—
were na part of the beat generated in the combuflion
of Fuel lo/l.

If now we fuppofe the quantities of heat pro-
ducible from equal weights of dry oak and of dry

pines

Yy
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pine-wood to be equal,—(and there is reafon to
believe that this fuppofition cannot be far from the
truth,) we can eftimate the real lofs of heat in each
of the two Experiments before mentioned, (No. 4
and No. 20,) as alfo in every other cafe in which
the quantity of Fuel confumed, and the effects pro-
duced by the heat, are known.

Thus, for inftance, in the 20th Experiment, as
the effeéts aGually indicated that with that part of
the heat generated in the combuftion of 1 1b, of the
- Fuel which entered the boiler, 20 1bs. of ice-cold
water might have been made to boil; as by the
above eftimate it appears that 31.7%% Ibs. of ice-
cold water might be made to boil with 4// the heat
generated in the combuftion of 1 lb. of the Fuel—
it is evident that abnut one-third of the heat gene-

rated was loft ; or —— c:rf it was faved,

This lofs is certmniy not greater than might rea-
fonably have been expe&:.d, elpecially when we
confider all the various caufes which confpire in
producing it ; and I doubt whether the Economy
of Fuel will ever be carried much farther.

In the Experiment No. 4, as the -effets pro-
duced by the heat which entered the Boiler indi-
cated that no more than 1.14 Ib. of ice-cold water
could have been made to boil with 1lb. of the
. Fuel, it appears that in this Experiment only about
=5th part of the heat generated was faved.

In all the Experiments made on a very large
fcale, with Brewhoufe Boilers, rather more than

one-balf of the heat generated found its way up the
chimney, and was loft.
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A fhort Account of @ Number of Kitchens, public and
private, and Fire-places for various Ufes, which
have been confirulted under the Direction of the
Author, in different Places.—Of the Kitchen of
the Housk ¢f InpusTRY ot MuNicH—Of that
of the MiLITARY ACADEMY—Of that of the
MiLitary Mess-House—That of the FaArM-
HOUSE, and thefe belonging to the INN in the
Excrist GarDEN af MuNicH.—Of the Kit-
chens of the Hofpitals of La PiETA and La Mi-
SERICORDIA af VERONA.—Of a fmall Kitchen
fitted up as a Model in the Houfe of SIR JoHN
SincrLaIR Bart. in LoNDoN.—Of the Kitchen
of the FounpLinc HospiTaL in LoNDON.—Of
a MiLiTary KiTcHEN for the Ufe of TroOPS iz
Camr.—Of a PorTABLE BoILER for the Ufe of
Troors on @ MarcH.—Of a large BolLER fitted
up as @ Model for BLEACHERS at the LINEN-
Harvr in DusLiN.—Of a Fire-place for cooka
ING, and at the fame Time WARMING A LARGE
HALL ; and of @ PERPETUAL OVEN, both fitted
up in the Housk of INDUSTRY af DusLiN.—Of
the KiTcHEN—LAUNDRY—CHIMNEY FirE-
PLACES=—COTTAGE FIRE-PLACE—and Model

o
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of @ LiME-k1LN—fitted up in IRELAND in the
Houfe of the DUBLIN SoCIETY.

v with to give the moft complete information
poflible with regard to the grounds on which

the improvements I propofe are founded, has in-
duced me to be very particular in my account of
my Experiments, and of the conclufions and prac-
tical inferences I have thought myfelf authorifed to
draw from them ; and as thefe inveftigations have
frequently led me into abftrufe philofophical dif-
quifitions which might not perhaps be very inte-
refting to many of my readers, to whom a fimple
aceount of my Fire-places, with diretions for con-
ftruéting them, might be really ufeful ; in order
to accommodate readers of all delcriptions, I have
thought it beft to divide my fubjet, and to referve
what I have ftill to fay on the mechanical part of
it,—the Conftruttion of Kitchen Fire-places,— for
a feparate Effay. In the mean time, for the in-
formation of thofe who may have opportunities of
examining any of the Kitchens, or Fire-places, for
other purpofes, which have already been conftru¢ted
on my principles, under my direttion, I have an-
nexed the following account of them, and of the
particular merits and imperfetions of each of them.
"This account, added to what has been faid -in the
foregoing Chapters of this Effay on the conftruc-
tion of Fire-places, will, I flatter myfelf, be found
fufficient to convey the fulleft information refpeét-
g the fubjet under confideration, and enable
thofe,
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thofe, who may wifh to adopt the propofed im-
provements, to conftruét Fire-places of all kinds on
the principles recommended, without any farther
affiftance.

Thofe who may not have leifure to enter into
thefe fcientific inveftigations, and who, notwith-
ftanding, may wifh to imitate thefe inventions, will
find all the information they can want in my next
Effay.

An Account of the Kitchen of the Houske of INDUSTRY
at MuNicH, in its prefent State.

Tue large circular copper boiler (which is fitua
ated in a fmall room adjoining to the great Kits
chen) is fitted up in a very complete manner ;—
its (wooden) cover is cheap, fimple, and durable,
and anfwers perfeltly well for confining the heat ;
—the fteam-tube (or fteam-chimney, as I have
called it) is very ufeful, as it carries off all the
fleam generated in cooking, and keeps the air
of the Kitchen dry and wholefome.—To carry off
the fteam which rifes from the hot foup when it is
ferved up, there is a {fteam-chimney of wood, (furs
nithed with a valve,) the opening of which is fitu~
ated at the highelt part of the Kitchen. To pre-
vent the cold air from coming down by this paflage
into the Kitchen, its damper (which is opened and
fhut by a cord which goes over a pulley) is, in
winter, kept conftantly fhut, except jult when it

5 15
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is neceflary to open it for a moment to let out the
{team.

The only alteration I would make, were I to fit
up this boiler again, would be to leave openings
by which the flues might be cleaned occafionally, -
without lifting the boiler out of its place.—This
fhould be done in the fire-places of all large boilers.
This boiler, which is ufed every day, requires to
have its flues cleaned, and its bottom and fides-
fcrubbed with a broom, to free them of {oot, once
in fix weeks.

Over againit this boiler is a machine for drying
potatoes, which has been found to anfwer perfectly
well the end for which it was contrived. Potatoes
firft moderately boiled, and then fkinned and cut
into thin {lices, and dried in this machine, .may be
kept good for many years.

The eight iron boilers in the great Kitchen are
fitted up on good principles ; and the oven which
is heated by the finoke from the fire-places of two
of thefe boilers, which oven is deftined for drying
the wood for the ufe of this Kitchen, is deferving
of attention. -

The wooden covers of thefe eight boilers, and
the horizontal tubes, conftructed of wood wound
round with canvas and painted with oil colours,
by which the {team is carried off, have been found
to anfwer very well the purpofes for which they
were contrived.

VOL. II. L T he
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The Kiichen of the Military Academy at MuNICH.

This Kitchen in its prefent ftate is fo perfeét in
all its parts, that I do not think it capable of any
confiderable improvement. The roa/ffer, which has
been in daily ule feven years, is ftill in good con-
dition, and bids fair to laft fwenty years longer.—
It 1s large and roomy, and has been found to be
extremely ufeful. Though the different parts of
this Kitchen are not diftributed with fo much fym-
metry as could have been wifthed, owing to local
circumflances, yet it is very complete in its various
details, and all the various procefles of cookery are
performed in it with little labour, and with a very
imall expence indeed of Fuel. Two large boilers
and three large faucepans, which are fitted up in
a detached mafs of brick-work in a corner of the
room, (on the right hand on going into it,) I can
recommend as perfet models for imitation. In
fhort, I know of nothing which I could wifh to alter
in this Kitchen.—To fay the truth, it has already
undergone a fufficient number of changes and
alterations.

The Kitchen in the Military Hall or Officers’ Mefi-
Houfe in the Englifb Garden at MuNICH.

This Kitchen is much lefs perfect in its details
than that juft mentioned.—It was built in the
fpring of the year 1790, and has fince undergone

5 only
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only a few trifling alterations. It has three roaft-
ers, which are made {mall on purpofe to ferve as
models for private families; and I have had the
pleafure to know that they have often been imi-
tated.

The Kitchen in the Farm-Houfe in the Englifb
Garden.

This Kitchen is well contrived for the ufe for
which is was defigned, and 1 can recommend it as
a very good model for the Kitchens of Farm-
houfes, for families confifting of eighteen or twenty
perfons. One of the boilers, which is deftined for
warming water for the ufe of the Kitchen and the
ftables, is in winter heated by the fmoke of a Ger-
man {tove which is fituated in an adjoining room,

— that inhabited by the Overfeer of the farm.

The great Kitchen of the Inn in the Garden.

This Kitchen, which is adjoining to the Farm.
houfe, is contrived almoft for the fole purpofe of
roafting chickens before an open fire, a kind of
food of which the Bavarians are extravagantly
* fond. It has three open fire-places, conftruéted on
the principles recommended in my Eflay on Chim-
ney Fire-places, fronting different fides of the Kit-
chen, and all opening into the fame chimney, which
chimney is built nearly in the middle of the room.
This Kitchen was built before my roafters were

~ come into ufe.
L2 T he
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The fmall Kitchen belonging to the Inn.

This Kitchen has nothing belonging to it which
deferves attention, or which I would recommend
for imitation. It was originally defigned merely
for making coffee, chocolate, &c.

A Kitchen which has lately been fitted up on my
principles, in the new Hofpital for the infirm
and helplefs Poor, which is fituated on the height
called the Gafeiz, on the fide of the river oppofite
to the town of Munich, is much more interefting,
and is a good model for imitation.

The Kitchen of the Hofpital of La Piéta at VERONA

Is peculiarly interefting, on account of its con-
venient form and the perfeét fymmetry of its parts.
The malfs of brick-work in which the boilers are
fixed occupies the middle of one fide of a large
high room, which is plaiftered and white-wathed,
and neatly paved. The covers of the large boilers
are lifted up by ropes which go over pullies fixed to
the ceiling of the top of the room ; but were I to
build the Kitchen again, I thould fubftitute wooden
covers with {team-chimnies inftead of them, fuch
in all refpects as that belonging to the large round
copper boiler in the Kitchen of the Houfe of In-
duftry at Munich. When the covers are fo large
that they cannot conveniently be lifted on and off .
with the hand, they fhould, in my opinion, always
be
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be made of wood, and divided into parts, united by
hinges. When they are defigned for confining the
fteam entirely, they fhould be made on a peculiar
conftruétion, which will hereafter be defcribed.
The covers for fmall boilers, and thofe for fauce-
pans, fhould always be of tin, and double.

The grates on which the fires are made under the
boilers in the Kitchen of the Holpital of La Piéta,
are circular ; but they are not hollow, or dithing,
as that improvement did not occur to me till after
that Kitchen was finifhed. The fpiral flues under
the boilers are alfo wanting, and for the fame rea-
fon. In all other refpects this Kitchen is, I believe,
quite perfect.

&

The Kitchen of the Hofpital of La Mifericordia at
VErRONA- ,

Is conftrutted on the fame principles as that of
La Pi¢ta. The only difference between them is
in the diftribution of the boilers. That of La Mi-
fericordia is built round two fides of the room.
In many cafes, this manner of difpofing of the
boilers will be found more convenient than any
other ; but in all cafes where this method of plac-
ing them is preferred, care muft be taken to place
the largeit boilers fartheft from the chimney, and
the {maller ones nearer to it, and in regular fuc-
ceflion as their fizes diminith. This is neceflary,
in order that in the malfs of brick-work in which
the boilers are fixed, there may be room behind

L2 the
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the fmaller boilers for the canals which carry off

the fmoke from the large ones into the chimney.
This circumftance was attended to in conftru-
ing the fmall Kitchen which I fitted up laft {pring
in the houfe of Sir John Sinclair, Bart. Prefident
of the Board of Agriculture, Whitehall, London.
This Kitchen (which was intended to ferve as a
model, and is open to the public view at all hours)
is by no means as perfect as I withed it to be : —
Having been built during my journey to Ireland,
feveral miftakes were made by the workmen I em-
ployed, who, though they have great merit in their
different lines of bufinefs, had not then had fuffi-
cient experience in conftrucing Kitchens on my
principles, to be able to execute fuch a job in my
abfence without committing fome faults. Thofe
which were molft effential I corrected ; but my ftay
in England after my return from Ireland was too
fhort, and my time too much taken up with other
matters, to rebuild the Kitchen from the found-
ation ; which I was very defirous of doing, and
which, with the permiffion of the Proprietor, I
fhall certainly do when I come to England again.
The greateft fault of the Kitchen is the want of
dampers to the canals by which the fmoke is car-
ried off from the clofed fire-places of the boilers
and faucepans into the chimney. Thefe dampers
thould never be omitted in any fire-place, however
fmall. They are neceflary even in fire-places for
the fmalleft faucepans, and no large boiler thould
on any account be without one. Some Experi-
ments
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ments I have lately made (fince my return to Ba-
varia) have fhewed me how very neceflary thefe
dampers are ; and I confider it as my duty to the
Public to lofe no time in recommending the ge-
neral ufe of them. The flattering attention which
has been paid by the Public to the various im-
provements I have taken the liberty to propofe, not
only demands my warmeft gratitude, but lays me
under an indilpenfable obligation to exert myfelf
to the utmoft to deferve their elteem, and to merit
the diftinguifhed marks of their confidence with
which on fo many occafions I have been honoured.

But to return to the Kitchen in the houfe of
Sir John Sinclair (the place where the meetings of
the Board of Agriculture are held, and where of
courfe there is a great concourfe of ingenious men
from all parts of the kingdom,—of men zealous
for the progrefls of ufeful improvements). As
the room is very fmall, it was not poflible to do
more in it than jult to fit up a few fmall boilers
and faucepans, and one middling-fized roafter,
fuch as might ferve for a fmall family ; which laft
1s a machine fo very ufeful that I cannot help flat-
tering myfelf that it will foon come into general
ufe. The faving of Fuel which it occafions is
almoft incredible, and the meat roafted in it is re-
markably well-tafted and high-flavoured.

One of thefe roafters, on a large fcale, was put
up, under my diretion, in the Kitchen of the
Foundling Hofpital in London; and though I
could not ftay in England to fee it finifhed, I have

L 4 had
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had the fatisfation to learn, f{ince m'q,r arrival at
Munich, from my friend Mr. Bernard, (who is
Treafurer to the Hofpital,) that it has anfwered
even beyond his expectations. He informs me,
that when 112 lbs. of beef are roafted in it at once,
the expence for Fuel amounts to no more than
four pence fterling ; and this when the coals are
reckoned at an uncommonly high price, namely,
at 1 5. 4 d. the bufhel.

In the roafter belonging to the Kitchen of the
Military Academy at Munich, I caufed 100 lbs.
Bavarian weight (equal to 123.84 Ibs. Avoirdupois)
of veal, in fix large pieces, to be roafted at once, as
an Experiment ; the Fuel confumed was 33 Ibs. Ba-
varian weight of dry pine-wood, (equal to 40.861bs.
Avoirdupois,) which (at 4i florins the clafier,
weighing 2967 Ibs. Bavarian weight) coft 3 creut-
zers, or about one penny {terling.

This Experiment was made in the year 1792.
Happening to mention the refult of it in a large
company in London, foon after my arrival there in
the autumn of the year 1795, I had the mortifica-
tion to perceive very plainly by the countenances
of my hearers how dangerous it is to promulgate
very extraordinary truths. Iafterwards grew more
cautious, and fhould not now have ventured to
publith this account, had not the refults of Expe-
riments equally furprifing, which have been made
with the roafter in the Kitchen of the Foundling
Hofpital, been made known to the Public.

Not

i |
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Not only the roafter, but the boilers alfo which
have been put up under my direction in the Kitchen
of the FounbprLine HosriTar, have been found
to anfwer very well ; and I am informed that fe-
veral other great Hofpitals are about to imitate
them. As I left London before the Kitchen of the
Foundling Hofpital was entirely finifhed, I do not
know whether there are dampers to the canals by
which the fmoke goes off from the fire-places of
the boilers, and from that of the roafters, to the
chimney. If there are not, I could with they
might {till be added ; and I would ftrongly recom-
mend it to thofe who may be engaged in conftruét-
ing Kitchen fire-places on my principles, never to
omit them. :

Oval graters of caft iron, in the form of a difh,
fuch as I have defcribed in the foregoing Chapters
of this Effay, were tried in the Kitchen of the
Foundling Hofpital, but the heat was found to be
fo intenfe that they were foon melted and deftroy-
ed ; and we were obliged to have recourfe to com-
mon flat grates, compoled of {trong bars of caft
iron. Perhaps the heat generated in the combul-
tion of pit-coal is fo intenie, when completely con-
fined, (as it ought always to be in clofed fire-places, )
that it will not be poffible, where coals are ufed as
Fuel, to ufe the hollow difhing grates I have -
troduced in the public Kitchens at Munich, snd
which have been defcribed and recommended in
this Effay.

Since
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Since my return to Bavaria, 1 have made feveral
Experiments with grates compofed of common
bricks, placed edgewife, and I find that they an-
fwer for that ufe full as well, if not better, than
iron bars. By making bricks on purpofe for this
ufe, of proper.forms and dimenfions, and compofed
of the beft clay mixed with broken crucibles beaten
to a coarfe powder, Kitchen fire-places might be
fitted up with them, which would be both cheap
and durable, and as perfect in all other refpeéts
as any that could poffibly be made, even were the
moft coftly materials to be ufed in their con-
ftruétion.

- To diminifh ftill farther the expence attending
the conftrution of clofed Kitchen fire-places de-
figned for the ufe of poor families, the opening by
which Fuel is introduced might be clofed with a
brick, or with a flat ftone ;—another brick, or
{tone, might be made to ferve at the fame time as
a regifter and a door to the afth-pit, and a third as
a damper to the chimney or canal for carrying off
the frnoke from the fire-place.

I lately had an opportunity of fitting up a Kit-
chen on thefe principles, in the conftruction of
which there was not a particle of iron ufed, or of
any other metal, except for the boiler. On the
approach of the French army under General Mo-
reau in Auguft laft, the Bavarian troops being
affembled at Munich (under my command) for the
defence of the capital, the town was fo full of fol-

diers,




and the Economy of Fuel. 155

diers, that feveral regiments were obliged to be
quartered in public buildings, and encamped on
the ramparts, where they had no conveniencies for
cooking.—For the accommodation of a part of
them, four large oblong fquare boilers, compofed
of very thin fheet coppers well tinned, were fitted
up in a mafs of brick-work in the form of a crofs ;
each boiler with its feparate fire-place, communi-
cating by double canals, furnifhed with dampers,
with one common chimney, which ftands in the
centre of the crofs. The dampers are thin flat
tiles ;—the grates on which the Fuel is burned are
compofed of common bricks, placed edgewife ;—
and the paffages leading to the fire-place, and to
the afb-pit, are clofed by bricks which are made
to flide in grooves.

Under the bottom of each boiler, which is quite
flat, there are three flues, in the diretion of its
length ; that in the middle, which is as wide as both
the others, being occupied by the burning Fuel.
The opening by which the Fuel is introduced 1s at
the end of the boiler farthef from the chimney ; and
the flame running along the middle flue to the end
of it, divides there, and returning in the two fide
flues to the hither end of the boiler, there rifes up
into two other flues, in which it pafles along the
outfide of the boiler into the chimney. The boilers
are furnithed with wooden covers divided into two
equal parts, united by hinges. In order that the
four boilers may be tranfported with greater fa-
cility from place to place, (from one camp ro an-

other
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other for inftance,) they are not all precifely of the
fame fize, but one is fo much lefs than the other,
- that they may be packed one in the other. The
largelt of them, which contains the three others,
is packed in a wooden cheft, which is made juft
large enough to receive it. In the fmalleft may be
packed a circular tent, fufhiciently large to cover
them all. In the middle of the tent there muft be
a whole through which the chimney muft pafs.
'The four boilers, together with the tent, and all
the apparatus and utenfils neceffary for a Kitchen
on this conftruttion for a regiment confifting of
1ooo men, might eafily be tranfported from place
to place on an Irifth car drawn by a fingle horfe.

I have been the more particular in my account
of this portable Kitchen, as I think it would be
found very ufeful for troops in camp. The Right
Honourable Mr. Thomas Pclham made a trial of
one of them laft fummer for his regiment, (the
Suffex militia, ) and found it to be very ufeful. The
_faving of Fuel was very confiderable indeed ; and
the faving of trouble in cooking not lefs important.
The firlt Experiment we made together in a fingle
boiler, fitted up for the purpofe in the open air, in
the middle of the court-yard of Lord Pelham’s
houfe in London.

I ought perhaps to have referved what I have
here faid on the fubjeé of thefe Military portable
Kitchens for my next Effay, where it would more
naturally have found its place; but being per-
fuaded of the great advantages that may be de-

rived
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rived from them, I am unwilling to lofe 2 moment
in recommending them to the attention of thofe
who have it in their power to bring them into ufe.

Thofe who wifh to know more about them may,
I am confident, procure every information they can
defire refpecting them, by applying to Mr. Pel-
ham, or to any of the Officers of the Suffex mi-
litia who were in camp with the regiment laft fum-
mer.

There is one more invention for the ufe of ar-
mies in the field, which I with to recommend, and
that is a portable boiler of a light and cheap con-
ftruction, in which viGtuals may be coocked o2 a
march., There are fo many occafions when it
would be very defirable to be able to give foldiers,
harafled and fatigued with fevere fervice, a warm
meal, when it is impoflible to ftop to light fires and
boil the pot, that I cannot help flattering myfelf
that a contrivance, by which the pot actually boiling
may be made to keep pace with the troops as they
advance, will be an acceptable prefent to every hu-
mane officer and wife and prudent general. Many
a battle has undoubtedly been loft for the want of
a good comfortable meal of warm victuals to re.
cruit the ftrength and raife the fpirits of troops
fainting with hunger and exceflive fatigue.

But to return from this digreflion.—The form
of the two principal boilers in the Kitchen of the
FounprLine HospiTaL is that of an oblong
fquare ; that form which on feveral accounts I have
reafon to think preferable to all others for large

boilers,

e e T
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boilers, but efpecially on account of the facility of
fitting them up with fquare bricks, and of cleaning
their flues, I firlt introduced in Ireland in feveral
fire-places defigned for different ufes, which T fit-
ted up as models, in Dublin, during the vifit I
made laft {pring to that country on the invitation
of my friend Mr. Secretary Pelham.

The firft of thefe oblong {quare boilers is that
which is fitted up in the court-yard of the Linen-
hall at Dublin, as @ model for bleachers : It is 8 feet
wide, 10 feetlong, and 2 feet deep; and it is fur-
nithed with a wooden cover, which fhutting down
in a groove in which there is a fmall quantity of
water, the fteam is by thefe means confined in the
boiler. This cover is moveable on its hinges,
which are placed at the end of the boiler fartheft
from the door of the fire-place ; and it is occafion-
ally lifted up by means of a rope, which goes over
a compound pully which is fixed over the boiler
at the top or ceiling of the room.

Under this boiler there are five flues which run
in the direction of its length, and are arranged and -
conftructed in the fame manner as the flues of the
new Brewhoufe boiler which I lately fitted up at
Munich.—(See Fig. 21, Plate V.)—There are no -
flues round the outfide of this boiler; but the
brick walls by which they are defended from the
cold air are double, and the fpace between them is
filled with charcoal duft.

The Fuel burns at the hither end of the middle

flue, in an oval difh-grate ; and the flame running
along
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along in this flue under the middle of the boiler to
the farther end of it, there divides, and returns in
the two adjoining flues : — It then turns to the right
and left, and going back again in the two outfide
flues to the farther end of the boiler, goes out
from under it, there, in two canals, which floping
upwards conduét it to the flues of a _fecond boiler of
equal dimenfions with the firft, where it circulates,
and warms. the water which is defigned for refilling
the firft boiler.

As thefe boilers are made of exceedingly thin
fheet copper, and #hin boilers are ftronger to refift
the effects of the Fire, and confequently more
durable, than very thick ones, they both together
coft much lefs than one fingle boiler on the com-
mon conftruétion ; and Mr. Duffin, Secretary to
the Linen-board, who is a very attive, intelligent
man, and is himfelf engaged in a large concern in
the bleaching bufinefs, fhowed me a computation
founded on actual Experiments which he himfelf
made with this new boiler, by which he proved
that the faving of Fuel which will refult from the
general introduétion of thefe boilers in the bleach-
mng trade throughout Ireland will amount to ar
leaft fifty thoufand pounds fterling a year.

In a Launpry which I fitted up in the houfe
belonging to the Dublin Society, (and which is de-
figned to ferve as a model for Laundries for private
gentlemen’s families,) there are alfo two oblong
{quare boilers, the one heated by the Fire, and the
other by the {moke ; and this fmoke, after having

circulated
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circulated in the flues under the fecond boiler,
pafles through a long flue (conftructed like hot-
houfe flues) which goes round two fides of the dry-
ing-room, (which is adjoining to the wafbing-room,)
and then pafling through the wall of the drying-
room into the ironing-room, it goes off into an
open chimney. As the bottom of the fecond
boiler lies on a level with the top of the firft, the
warm water runs out of the fecond to refill the
firft, by a tube furnifhed with a brafs cock, which
- greatly facilitates the filling of the principal boiler.
The wooden covers of thefe boilers, which are
double and moveable on hinges, are fhut down in
grooves in which there is water, and the fteam
being by thefe means confined, is forced to pals oft
by a wooden tube ftanding on a part of the cover
which is faftened down to the boiler with hooks,
carries the {team upwards to the height of feven or
eight feet, where it goes off laterally by another
(horizontal) wooden tube, through the wall into
the drying-room. As foon as this horizontal
wooden tube has paffed through the wall into the
drying-room, it ends in a copper tube, about
3 inches in diameter, which, lying nearly in a ho-
rizontal pofition, conduéts the fteam through the
middle of the drying-room in the direftion of its
length, and through a hole in a window at the end
of the room into the open air.
The fteam in pafling through the drying-room in
a metallic tube, (which is a good conductor of
heat,) gives off its heat through the fides of the
6 tube
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_ tube to the air of the room, and the water which
is condenfed runs off through the tube. By floping
the tube upwards, inftead of downwards, as by ac-
cident it was floped, the condenfed water, which is
always nearly boiling hot, when it is condenfed,
might be made to return into the boiler, which
would be attended with a faving of heat, and con-
fequently of Fuel.

The furnace for heating the irons ufed in fmooth-
ing the linen, (or ironing, as it is called,) is a kind
of oven built of bricks and mortar, the bottom of
which is a fhallow pan of caft iron, 18 inches fquare
and about 3 inches deep, which is nearly filled

-with fine fand. The Fire being made under this
pan in a clofed fire-place, as the fand defends the
upper furface of the pan from the cold air of the
atmofphere, the pan i1s commonly red-hot, and the
irons, being fhoved down through the fand and
placed in contat with this plate of red-hot metal,
are heated in a very fhort time, and at a fmall ex-
pence of Fuel.

This contrivance might be ufed with great fuc-
cefs for covering the hof plates on which fauce-pans
are made to boil in many private Kitchens.

This ftove, or oven, for heating the fmoothing-
irons, projets into the drying-room, but the door
by which the irons are introduced, as well as that
leading to the fire-place, and that leading to the

- afh-pit, all open into the ironing-room.

The fmoke goes off through the drying-room in
an iron tube, and affifts in warming the room and
in drying the linen,

YOL. II. M As
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As it may fometimes be neceffary to heat the
drying-room when neither the wafh-houfe boilers
nor the ftove for heating the fmoothing-irons are

heated, provifion is made for that, by conftruting
a {mall clofed fire-place, defigned merely for that
purpofe, which opens into the flue, by which the =

fmoke from the boilers is carried round the dry- =
ing-room. This fire-place (which' is never ufed
but when it is wanted for drying the linen) is
fituated juft without the drying-room, under the
end of the flue where it joins the fecond boiler.—

The opening at the top of its fire-place, by which®

the flame of the burning Fuel enters the under
part of the flue, is kept clofed by a {fliding plate of
iron, or damper, when this fire-place is not ufed;

and when it is ufed, the door which clofes the

opening into the fire-place of the firft or principal
boiler, and the regifter in its ath-pit door, are kept

That the top of the principal boiler might not :
be too high above the pavement of the wath-houfe
for the laundrefles to work in the boiler without
being obliged to go up fteps or ftairs, the grate and
the bottom of the flues under the boiler are nearly
on a level with the pavement, and the afh-pit is
funk into the ground ; and to render the a.ppmach:i
to the opening into the fire-place more convenient
in introducing the Fuel and lighting and manag-

ing the Fire, there is an area before the fire-place, 4 |

about 3 feet {quare and 2 feet deep, funk in the k|
ground, and walled up on its fides, into which

there is a defcent by fteps. In two of the fides of :
thefc
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thefe vertical walls (thofe on the right and left
when you ftand fronting the fire-place) there are
vaults for containing Fuel, which extend feveral
feet under the pavement. The fteps which de-
fcend into this area are on the fide of it, oppofite
the fire-place.
~ Areas of this kind are very neceflary for all fire-
places for large boilers, otherwife the top of the
boiler will neceflarily be raifed too high above the
level of the pavement to be approached with faci-
lity and convenience. Steps may be made, it is
true, for approaching boilers which are placed
higher ; but thefe are always inconvenient, and
take up mcre room, and coft more than the execu-
tion of the plan here propofed for rendering them
unneceflary.

The areas before the fire-place door of the large
boilers in the Kitchen of the Foundling Hofpital
are occafionally clofed by trap-doors. As cften as
this is done there muft be a number of fmall holes
| bored in the door to permit the air neceflary for
feeding the Fire to defcend into the afh-pit; and
when the bottom of the paflage leading into the
fire-place happens to lie above the level of the up-
per furface of this trap-door, the part of the door
immediately under this opening, thould, to prevent
accidents from live coals which may occafionally
fall out of the fire-place, be covered with a thin
plate of fheet-iron.

When large boilers are fitted up in fituations
where it is not poffible to fink an area in front of

M 2 the
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the fire-place, the mafs of brick-work in which
the boiler is fet muft be raifed, and fteps muft be
made to approach it. When this is done, the up-
per ftep thould be made very wide, (at leaft two
feet,) in order that there may be room to ftand and
work in the boiler; and for ftill greater conve-
nience, the fteps fhould be continued round three
fides of the boiler, when the boiler ftands in a de-
tached mafs of brick-work. The bottom of the
door of the fire-place, fhould, if poffible, be above
the upper flat furface of the upper ftep ; and to pre-
ferve the fymmetry of the whole, the afh-pit door
may be in the front of the upper ftep, and the pafl-

age into the afh-pit, (which will be long of courfe)

may defcend in a gentle flope. In this manner the
Kitchen of the Holpital of /a Piéta at Verona was
conftructed.

No inconvenience whatever attends the increafe
of the length of the paflage into the afh-pit, except
it be that very trifling one,—(which furely does not
deferve to be mentioned,)—the increafe of labour
attending the removal of the 'afhes ; but the incon-
venience would be very confiderable which would
unavoidably attend the difcontinuation, or breaking
off, of the fteps round the hither end, or front of
the boiler, which would be neceffary in order to be
able to place the afh-pit door diredtly under the fire-
place door, and to make a way to approach it.

The flues under the principal boiler of the Laun-
dry in the Houfe of the Dublin Society, are not con-

trived fo as to divide the flameg and caufe it to cir-.

culate
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culate in fwo currents ; they run from fide to fide
" under it: the door of the fire-place is nat in the
middle, but on one fide of the boiler, and near one
end of it. The flame paffing and returning (under
the boiler) twice from its front to its oppofite fide,
goes off at its end (that farthelt from the fire-
place) into a canal furnifhed with a damper, which
canal, rifing upward at an angle of about 45 de-
grees, leads to the flues under the fecond boiler.
The bottom of the flues of the principal boiler are
juft on a level with the pavement of the wath-houfe ;
and, in order that they may eafily be cleaned out,
and the bottom of the boiler fcrubbed with a
broom to free it from foot, the ends of the flues
are, in building the fire-place, left open, and after-
wards, when the boiler is fet, they are clofed by
temporary (double) walls of dry bricks. To make
thefe walls tight, the joinings of the bricks are

plaftered on the outfide with moift clay.
The fides of the boilers are defended from the

cold air by thin walls of bricks covered with wainf-
cot, and by filling the fpace between thefe walls and
the boiler with pounded charcoal. Were I to fit
up thefe boilers again, I fhould leave this fpace
void, or filled merely with air, forming feveral
fmall openings below, through which the flame and
hot vapour from the flues might afcend and fur-
round the boiler. In the large boiler fitted up n
the Linen-hall as a model for bleachers, this altera-
tion is allo neceflary to render it complete ; and as

it might be made in a few hours, and almoft with-
M 3 out
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out any expence, I cannot help exprefling a wifh
that it might ftill be done.

The ardent zeal for the profperity of his coun-
try, and indefatigable attention to every thing that
tends to promote ufeful improvement, which fo
eminently diftinguith that enlightened patriot and
moft refpeétable ftatelman, to whom the manufac-
tures and commerce of Ireland, and the linen-trade
in particular, are fo much indebted, encourage me
to hope that he will take pleafure in giving his af-
fiftance to render the models for improving fire.
places and faving Fuel, which I have had the fatif-
fattion of leaving in Ireland, as free from faults as
they can poffibly be made.

Though my ftay in Ireland was too fhort to con-
ftruét models of all the improvements I withed to
have introduced in that delightful and molt inte-

refting ifland, yet the liberality with which my va-

rious propofals were received, and the generous
affiftance I met with from all quarters, enabled me
to do more in two months than I probably thould
have been able to have effeted in as many years in
fome other older countries, where the progrefs of
wealth and of refinements have rendered it ex-
tremely difficult to get people to attend to ufeful
improvements.

I wifhed much to have been able to have fitted
up the great Kitchen in the Houfe of Induftry at
Dublin, as the expence of Fuel is very confiderable
m that extenfive eftablifhment, where more than
1500 perfons are fed daily, at an average; but not

having
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having time to finith fo confiderable an undertak.-
ing, I thought it moft prudent not to begin it. I
fitted up one large boiler as a model at one end of
one of the working-halls ; but this was defigned
principally to fhow how a large hall might be
heated from a Kitchen fire-place, and from the very
fame Fire which is ufed for cooking *. The
fmoke from the fire-place is carried along hori-
zontally on one fide of the hall from one end of it
to the other ; and the boiler being clofed by a co-
ver which is fteam-tight, the {team from the boiler
is alfo forced along from one end of the hall to the
other, in an horizontal leaden pipe, which runs pa-
rallel to the flue occupied by the fmoke, and lies
immediately over it. In warm weather, when the
hall does not require to be heated, the fmoke and
fteam go off immediately into the atmofphere by a
chimney adjoining to the fire-place, without paffing
through the hall.

To be able to equalize the heat in the hall,
(which is very long and narrow,)—or to render it
as warm at the end of it which is fartheft from the
fire-place, as at that next the Fire, I directed cloth-
ing for the fteam tube of warm blanketing to be
made in lengths of three or four feet, to be occaa
fionally put round it and faftened by buttons.

By clothing or covering the fteam tube more
- or lefs, as may be found neceflary in thofe parts of

* This contrivance might eafily be applied to the heating of hot-houfes,
even though the hot-houfe fhould happen to be fituated at 2 confiderable
diftange from the Kitchien.

M 4 the
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the hall where the heat is greateft, the fteam being
by this covering prevented from giving off its heat
to the air through the tube, will go on farther and
warm thofe parts of the hall which otherwife would
be not fufficiently heated. The fteam tube, which
is conftruted of very thin fheet-lead, is about 3
inches in diameter, and inftead of being laid ex-
altly in a horizontal pofition, flopes a little up-
wards, juft fo much that the water which refults
from the condenfation of the fteam may return
into the boiler *.

The horizontal flue through which the fmoke
pafes is a round tube of fheet-iron, about % inches
in diameter, divided, for the facility of cleaning it,
in lengths of 12 or 15 feet, fixed nearly horizon-
tally at different heights from the floor, or, in an
interrupted line, in hollow pilafters or fquare co-
lumns of brick-work. A common hot-houfe flue,
conftruted of bricks and mortar, would have an-

% T contrived a fire-place for heating one of the principal churches in
Dublin on thefe principles with fteam (but without making ufe of the
fmoke) ; and [ promifed to give aplan (which, I am athamed to fay, I have
not yet been able to finith) for heating the fuperb new building deftined for
the meeting of the Irith Houfe of Commons.

Ore of the two chimney fire-places, which I fitted up in the hall in which
the meetings of the Royal Irith Academy are held, will, 1 imagine, be found
to anfwer very well for heating high rooms and large halls in private houfes.
In this fire-place I have endeavoured, and 1 believe fuccefsfully, to unite
the advantages of an open fire with thofe of a German ftove. The grate ufed
in fitting up this fire-place, and which is of caft iron, and far from being
unelegant in its form, and which coft only fewven fillings and fixpence ferling,
is decidedly the befl adapted for open chimney fire-places, where coals aro
ufed as Fue], of any I have yet feen, By a letter I lately received from a
friend in Ireland, I had the fatisfaétion to learn that thefe grates are mrmng

very falt into gencral ufe in that country.

{fwered
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fwered equally well for warming the hall, but
would have taken up too much room, which is the
only reafon it was not preferred to thefe iron tubes.

In conftru&ting the boiler, (which is of thin
fheet-iron,) I made an Experiment which fucceeded
even beyond my expectation. The flues under the
boiler—(and there are none round it)—are projec-
tions from the bottom of the boiler ;—they are
hollow walls of fheet-iron, about g inches high, and
an inch and three quarters thick, into which the
liquid in the boiler defcends, and which in faét
conftitute a part of the boiler. By this contrivance
the flame is furrounded on all fides, except at the
bottom of the flues, (where the heat has little or no
tendency to pafs,) by the liquid which is heated,
and the fire-place is merely a flat mafs of brick-
work. The grate is even with the upper furface
of this mafs of brick-work, and the ath-pit is the
only cavity in it.

In conftruting the bmler, provifion was made,
by omitting or interrupting the hollow walls or di-
vifions of the flues, in the proper places, to leave
room for introducing the Fuel,—for the paflage of
the flame from one flue to another,—and from the
laft flue into the canal by which the fmoke goes off
into the chimney, or into the iron tubes by which
the hall is occafionally warmed.

One principal obje&t which I had in view in this
Experiment was to fee if I could not contrive a
boiler, which, being fufpended under a waggon or
other wheel carriage, might ferve for cooking for

6 troops
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troops on a march; or which, being merely fet
down on the ground, a fire might be immediately
kindled under it.

Thofe who will take the trouble to examine the
boiler in queftion, will find that the principle on
which it is conftructed may eafily be applied to the
‘objeéts here mentioned. But it is not merely for
portable boilers that this conftrution would be
found ufeful ; I am convinced that it would be very
advantageous for the boilers of {team-engines,—
for diftilleries,—and for various other purpofes.
As the efcape of heat into the brick-work is almoft
entirely prevented, and as the furface of the boiler
on which the heat is made to a¢t is greatly increafed
by means of the hollow walls, the liquid in the
boiler is heated in a very fhort time, and with a
fmall quantity of Fuel. ;

There is ftill another advantage artending this
conftruction, which renders it highly deferving
the attention of diftillers. By making the tops of
the flues arched inftead of flat, (which may eafily

be done, and which is attually done in the boiler -

in queftion,) or in the form of the roof of a houfe,
as the hotteft part of the flame will of courfe always
occupy the upper part of the flues, and as the
thick or vilcous part of the liquor in the boiler, that
which is in moft danger of being burned to the
bottom of the boiler, and giving a bad tafte to the
fpirit which comes over, cannot well lie on the
convex or floping furface of thefe flues, there will

1 be
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be lefs danger of an accident which diftillers have
hitherto found it extremely difficult to prevent.

In conftruéting boilers on thefe principles for
diftillers, it will probably be found neceflary to in-
creafe very much the thicknefs of the hollow walls
of the flues ; and perhaps to make them even deeper
than the level of the bottom of the flues, in order
more effectually to prevent the thick matter which
will naturally fettle in thofe cavities from being ex-
pofed to too great a heat.

A fimilar advantage will attend large boilers con-
{tructed on thefe principles for making thick foups
for hofpitals ; thefe foups being very apt to burn
to the bottoms of the boilers in which they are pre-
pared.

I made another Experiment in the Houfe of
Induftry in Dublin, which I withed much to have
had time to have profecuted farther. Finding that
the expence for wheaten bread for the Houfe was
very great, (amounting, in the year 1795, to no
lefs than 3841 1. fterling,) I faw that a very con-
fiderable faving might be made by furnithing thofe
who were fed at the public expence with oaten
cakes, (a kind of bread to which they had always
been ufed,) inftead of rendering them dainty and
{poiling them by giving them the beft wheaten
bread that could be procured, as 1 found had hi-
therto been done. But to be able to furnifh oaten
cakes in {ufficient quantities to feed 1500 perfons,
fome more convenient method of baking them than
that commonly pratifed was neceffary, and one in

which
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which the expence of Fuel might be greatly |
leflened.

With a view to facilitate this important change |
in the mode of feeding the numerous objects of

charity, and of correction, who were fhut up toge-
ther within the walls of that extenfive eftablifh-

ment, I conftruéted what I would call a Perpetual
Owen. : g

In the centre of a circular, or rather cylindrical
mafs of brick-work, about eight feet in diameter,

which occupies the middle of a large room on the
ground floor, I conftruted a fmall circular =

clofed fire-place for burning either wood, peat,
turf, or coals. The diameter of the fire-place is
about eleven inches, the grate being placed about
ten inches above the floor, and the top of the fire-
place is contrated to about four inches. Immedi-

ately above this narrow throat, fix feparate canals

(each furnifhed with a damper, by means of which
its opening can be contratted more or lefs, or en-
tirely clofed) go off horizontally, by which the
flame is conduéted into fix feparate fets of flues,
under fix large plates of caft iron, which form the
bottoms of fix Ovens on the fame level, and joining
each other by their fides, which are concealed in
the cylindrical mafs of the brick-work. Each of
thefe plates of caft iron being in the form of an
equilateral triangle, they all unite in the centre of
the cylindrical mafs of brick-work, confequently
the two fides of each unite in a point at the bottom

of it, forming an angle of fixty degrees. i
The
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‘The flame, after circulating under the bottoms
of thefe Ovens, rifes up in two canals concealed in
the front wall of each Oven, and fituated on the
right and left of its mouth, and after circulating
again in fimilar flues on the upper flat furface of
another triangular plate of caft iron which forms
the top of the Oven, goes off upwards by a canal
furnithed with a damper into a hollow place, fitu-
ated on the top of the cylindrical mafs of the
brick-work, from which it pafles off in a hori-
zontal iron tube, about feven inches in diameter,
fufpended near the ceiling of the room, into a
chimney fituated on one fide of the room.

Thefe fix Ovens, which are contiguous to each
other in this mafs of brick-work, are united by
their fides by thin walls made of tiles about.1£
inches thick, and 10 inches fquare, placed edge-
wife, and each Oven having its {eparate canal, fur-
nifthed with a regifter communicating with the
fire-place, any one or more of them may be heated
without heating the others, or the heat may be
turned off from one of them to the other in conti-
nual fucceffion ; and, by managing matters pro-
perly, the procels of baking may be wninterrupted.
As foon as the bread is drawn out of one of the
Ovens, the Fire may immediately be turned under
it to heat it again, while that from under which the
Fire is taken is filled with unbaked loaves, and
clofed up.

A principal objet which I had in view in con-
{truting this Oven was to prevent the great lofs of

heat
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heat which is occafioned in large Ovens, by keep-
ing the mouth of the Oven open for fo confider-
able a length of time as is neceflary for putting in

and drawing out the bread.  As one of thefe fmall

Ovens contains only five large loaves, or cakes,
it may be charged, or the bread when baked may
be drawn, in a moment; and, during this time,
the other five Ovens are kept clofed, and confe-
quently are not lofing heat ; one of them is heat-
ing, while the other four are filled with bread in
different ftages of the procefs of baking.

When I conftruéted this Oven, though I had
no doubt of its being perfeéily well calculated for
the ufe for which it was principally defigned,—
baking oaten cakes, which are commonly baked oni
heated iron plates,—yet I was by no means fure it
would anfwer for baking common bread in large
thick loaves. I had not made the Experiment.
And though I could not conceive that any thing
more could be neceflary in the procefs of baking
than heat,—and here I was abfolutely mafter of
every degree of it that could poflibly be wanted,
and could even regulate the fucceffion of different
degrees of it at pleafure,~I thought it probable that
fome particular management might be required in
baking bread in thefe metallic ovens, a knowledge
of which could only be acquired by experience.

What ferved to ftrengthen thefe fufpicions was a
difcovery which had accidentally been made by the
cook of the Military Academy. In the courfe of
his experiments, he found that my Roafter is ad-

mirably
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mirably well calculated for baking pies, puddings,
and paftry of all kinds ;—provided however that
the Fire be managed in a certain way ;—for when
the Fire is managed in the fame manner in which
it ought to be managed in roafting meat, pies and
paftry will abfolutely be fpoiled. After repeated
failures and difappointments, and after having loft
all hopes of ever being able to fucceed in his at-
tempts, the cook (by mere accident, as he aflured
me) difcovered the important fecret ;—and import-
ant he certainly confiders it to be, and feels no
fmall degree of fatisfaction,—not to fay pride,—
in having been fo fortunate as to make the dif-
covery. He muft pardon me if I take the liberty,
—even without his permiffion,—to publith it to
the world for the good of mankind.

The Roafler muft be well heated before the p:f.r or
pajtry are put into it, and the blowers mu? never be
quite clofed, during the procefs.

I have lately found that by ufing fimilar precau-
tions, bread may be perfettly well baked in metallic
Ovens, fimilar to that in the Houfe of Induftry in
Dublin. =

Thinking it more than probable that means
might be devifed for managing the heat in fuch a
manner as to perform that procefs in Ovens con-.
ftruéted on thefe principles, and heated from with-
out ; and conceiving that not only a great faving
of Fuel, but alfo feveral other very important ad-
vantages, could not fail to be derived from that
difcovery, on my return to Munich from England,

in
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in Auguft laft, I immediately fet abour making Ex-

periments, with a view to the inveftigation of that
fubjet ; and I have fo far fucceeded in them, that -
for thefe laft four months my table has been fup-
plied entirely with bread baked in my own houfe,
by my cook, in an Oven conftructed of thin fheet-
iron, which is heated (like my Roafters) from with-
out ;=—and I will venture to add, that I never tafted
better bread. All thofe who have eaten of it have
unanimoufly exprefled the fame opinion of it. It
is very light,—moft thoroughly baked without be-
ing too much dried,—and I think remarkably well-
tafted. The loaves, which are made fmall in order
that they may have a greater proportion of cruft,
(which, when the bread is baked in this way, is
fingularly delicate,) are placed in the Oven on cir-
cular plates of thin fheet-iron, raifed about an inch
on flender iron feet. Were the loaf placed on the
bottom of the Oven, the under cruft would pre-
fently be burnt to a coal, and the bread fpoiled.
A precaution abfolutely neceffary in baking bread
in the manner here recommended, is to leave a pal-
fage for the {fteam generated in the procefs of bak-
ing to efcape. This may be done either by con-
ftruting a fteam-chimney for that purpofe, fur-
nithed with a damper ; or fimply by making a re-
gifter in the door of the Oven.

As thisis not the proper place to enlarge on this
fubject, I fhall leave it for the prefent ; but I can-
not help exprefling a with, that what I have here
advanced may induce others, efpecially Bakers,

who
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who may find their own advantage in the profecu-
tion of thefe interefting and important inveftiga-
tions, to tarn their attention to them.

How exceedingly ufeful would my Roafters be;
and Ovens conftructed on the principles here re-
commerided, on fhipboard |—Having ferved a cam-
paign (as a volunteer) in a large fleet, (that com-
manded by Admiral Sir Charles Hardy in the year
1779,) and having made feveral long fea voyages,
I have had frequent opportunities of feeing how
difficult it is in bad weather to cook at fea; and it
is eafy to imagine how much it would contribute to
the comfort of feafaring people, efpecially at times
when they are expofed to the greateft fatigues and
hardfhips, to enable them to have their tables well
fupplied with warm victuals.

In order that the motion of the veflel m1ght not
derange any part of the apparatus ufed in the pro-
cefs of cooking at fea in my Roafters, the form of
the Roafter fhould be that of a perfed c}hndﬂr,
and the dripping-pan in which the meat is placed
fhﬂuld be a longitudinal fection of another cylinder,
lefs in diameter than the Roafter by about an inch;
and fufpended on two pwnts in the axis of the
R-::raﬂ:er, in fuch a manner that the dripping-pan
may {wing freely in the Roalter, without touching
its fides. The Roafter fhmtlc[ be placed in the
brick-work, with its axis in the direétion of the
length of the fhip ; and to prevent the gravy from
.being thrown out of the dripping-pan when the
veflel pitches, its hollow cavity fhould be divided
~ ¥YOL, I N int¢
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into a number of compartments, by partitions rufls
ning acrof§ it from fide to fide.

It remains for me to give fome account of the
Kitchen which I fitted up in the Houfe of the Dub-
lin Society, as a model for private families ;—and
alfo of a Cottage Fire-place, and a Lime-kiln, which
I conftructed, as models for imitation, in the court-
yard of that public building.

With regard to the Kitchen, it is neceflary that I
fhould remark at fetting out, that it was not intended
fo much to ferve as a model complete of a convenient
Kitchen for a private family, as to dilplay a variety
of ufeful inventions, all or any of which may at
pleafure be eafily adopted, in Kitchens of all kinds
and of all dimenfions. I thought this would be
more ufeful than any fimple model of a Kitchen I
could contrive.

It is however a very complete Kitchen; and
though there are fome contrivances belonging to
it which might have been omitted, yet they will
all, I am confident, be found ufeful for the different
purpofes for which they were particularly defigned ;
and, in a Kitchen for a large family, would often
come into ufe.

The general difpofition of the various parts of
this Kitchen I confider as being quite perfett. It
is the fame as that of the Hofpital of /a Piéta at
Verona ; and of a very complete private Kitchen
which was built about two years ago at Munich,
under my diretion, in the houfe of BArRoN LER-
cHENFELD, Steward of the Houfehold to His

MosT
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MosT SeErENE HicuNESs THE ELEcTOR. In my
next Effay, which will treat exclufively of the Con-
ftruétion of Kitchen Fire-places, and of Kitchen
" Utenfils, I fhall give a particlar detailed account
of the manner in which the various Boilers,—Steam-
boilers,— Saucep&ns,-—-Dven,——Rﬁaﬁers, &c.—are
difpofed and connected in the mafs of brick-work
in tthE Kitchens ; and fhall accompany thefe des
{criptions with a fufficient number of Plates to ren-
der them perfeétly intelligible.

Cottage Fire-place, and Iron Pt for cooking for
the Poor.

Tue Cottage Fire-place which I fitted up as a
model, in the court-yard of the Houfe of thie Dublin
Society, was not quite finithed when I left Ireland ;
but an idea may be formed from what was done of
. the general principles on which fuch Fire-placesmay
be conftruted. On each fide of the open chimney
Fire-place, (which being fmall, was built in the
middle of one much larger, which was conftruéted
to reprefent a large open Fire-place, fuch as arc now
general in Cottages,) I fitted up an Iron Pot on a
peculiar conftruétion, caft by Mr. Jackion of Dub-
lin, and defigned for the ufe of a poor family in
cooking their victuals, This Pot is nearly of a
cylindrical form, about fixteen inches in diameter,
and eight inches deep ; and under its bottom, which
s quite flat, there is a thin fpiral projection, which
was calt with the Pot, and ferves inftead of feet to
b N 2 it
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it, the turns of which, when the Pot is fet down
on a flat furface, form a fpiral flue in which the
flame circulates under the bottom of the Pot. This
projection, which is near half an inch thick where
it is united with the bottom of the Pot, and lefs
than a2 quarter of an inch below where its lower
edge refts on the ground, is about four inches wide,
or rather deep. This projection was made taper-
ing, in order to its being more eafily caft. To de-
fend the outfide of this Pot from the cold air, the
Pot is inclofed in a cylinder of thin fheet-iron, equal
in diameter to the extreme width of the Pot at its
brim,—juft as high as the depth of the Pot and of
its fpiral flues taken together. The Pot is faftened
to this cylindrical cafe by being driven into it with
force, a rim in the form of a flat hoop, about an
inch and an half deep and a little tapering, being
calt on the outfide of the Pot at its brim, the exter-
nal furface of which was fitied exaétly inte the top
of this cylinder. This projection is ufeful, not only
in uniting the Pot to its cylindrical cafe, but alfo
to keep this cylindrical cafe at fome fmall diftance
from the fides of the Pot, by which means the heat
1s more effettually confined.

To be able to move about this Pot from place to
placé, it has two handles which are rivetted to the
outfide of its cylindrical cafe; and it is provided
with 2 wooden cover.

i am fenfible that I often expele myfelf to cri-
ticifm by anticipating what would more naturally
find its place elfewhere. But what I have here

faid
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faid in regard to this Iron Pot is intended merely as
hints to awaken the curiofity and excite the atten-
tion of ingenious men,—of fuch as take pleafure
in exercifing their ingenuity in contriving and per-
fecting ufeful inventions, and who delight in con.
templating the progrefs of human induftry.

Model of a perpetual Lime-kiln,

THE particular objects principally had in view

in the conftruction of this Lime-kiln (which ftands
in the court-yard of the Dublin Society) were,
fir/t, to caufe the Fuel to burn in fuch a manner
as to confume the fmoke, which was done by oblig-
ing the fmoke to defcend and pafs through the Fire,
in order that as much heat as poflible might be ge-
nerated.-—Secondly, to caufe the flame and hot'
vapour which rife from the Fire to come into con-
tact with the lime-ftone by a very large furface, in
order to economife the heat, and prevent its going
off into the atmofphere; which was done by mak-
ing the body of the Kiln in the form of a hollow
truncated cone, and very high in proportion to its
diameter ; and by filling it quite up to the top with
lime-ftone, the Fire being made to enter near the
bottom of the cone.

Thirdly, to make the procefs of burning lime per-
petual, in order to prevent the wafte of heat which
unavoidably attends the cooling of the Kiln in
emptying and filling it, when, to perform that ope-
ration, it is neceffary to put out the Fire.

N 3 And,
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And, fourtbly, to contrive matters {o that the
lime in which the procefs of burning is ju/2 finifbed,
and which of courfe is ftill intenfely hot, may, in cool- .
~ ing, be made to give off its heat in fuch a manner as
to affift in heating the frefh quantity of cold lime-:
ftone with which the Kiln is replenifhed as often as
a portion of lime 1s taken out of 1t.

To effetuate thefe purpofes, the Fuel is not
mixed with the lime-ftone, but is burned in a clofed
fire-place, which opens into one fide of the Kiln,
fome diftance above the bottom of it, For large
Lime-kilns on thefe principles there may be feveral
fire-places, all opening into the fame cone, and
{ituated on different fides of it; which fire-places
may be conftrutted and regulated like the fire-

places of the furnaces ufed for burning porce-
laine.

At the bottom of the Kiln there is a door, which
is occafionally opened to take out the lime,

‘When, in confequence of a portion of lime be-
ing drawn out of the Kiln, its contents fettle down
or {ubfide, the empty fpace in the upper part of the
Kiln, which is occafioned by this fubftraction of the
burned lime, 1s immediately filled up with frefh
lime-ftone.

As foon as a portion of lime is taken away, the
door by which it is removed muft be immediately
thut, and the joinings well clofed with moift clay,
to prevent a draught of cold air through the Kiln.
A fmall opening however muft be left, for reafons
which 1 {hall prefently explain,

As
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As the Fire enters the Kiln at fome diftance from
the bottom of it, and as the flame #ifes as foon as
it comes into this cavity, the lower part of the Kiln
(that below the level of the bottom of the fire-place)
is occupied by lime already burned, and as this
lime is intenfely hot, when, on a portion of lime
from below being removed, it defcends into this
part of the Kiln, and as the air in the Kiln, to
which it communicates its heat, muft 7i/e upwards
in confequence of its being heated, and pafs off
through the top of the Kiln, this lime in cooling is,
by this contrivance, made to aflift in heating the
frefh portion of cold lime-ftone with which the
Kiln is charged. To facilitate this communication
of heat from the red-hot lime jult burned to the
lime-{tone above in the upper part of the Kiln, a
gentle draught of air through the Kiln from the bot-
tom to the top of it mult be eftablithed by leaving
an opening in the door below, by which the cold
air from without may be fuffered to enter the Kiln.
This opening (which fhould be furnithed with fome
kind of a regifter) mult be very fmall, otherwife
it will occafion too {ftrong a draught of cold air into
the Kiln, and do more harm than good ; and it
will probably be found to be beft to clofe it en-
tirely, after the lime in the lower part of the Kiln
has parted with a certain proportion of its heat.

Conceiving the improvement of Lime-kilns to be
a matter of very great national importance, efpe-
cially fince the ufe of lime as manure has become
fo general, Iintend to devote the firlt leifure time

N 4 I can
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I can fpare to a thorough inveltigation of that fub.
ject ;—in the mean time, I have here thrown out
the loofe ideas I have formed refpecting it, in order
that they may be examined, corretted, and im-
proved upon by others who may be engaged n the
fame purfuits.

The model I caufed to be conftruéted in the
court-yard of the Dublin Society, is, I am {enfible,
very imperfeé. It was built in a great hurry,
being begun and finifhed the fame day,—the day
but one before I left Ireland ;—but I am now en-
gaged in conftructing a Lime-kiln on the fame prin-
ciples, (for the ufe of the farm in the Englith Gar-
den at Munich,) which I fhall take pains to make
as perfect as poffible; and fhould it be found to
anfwer as well as I have reafon to hope it will,
I fhall not fail to give a particular account of it to
the Public, accompanied with drawings, and all the
details which fhall be neceffary in order to give the
moft fatisfattory aceount of the refult of the Expe,
riment.

Thefe inveftigations will be the more interefting,
and their refults more generail)r ufeful, as the dif-

covery of a mine of p1t-c-::|al in the neighbourhood
of Mumch, which is now worked with fuccefs,
has put it in my power to ufe coal as Fuel, as well,
as wood and turf, in the Experiments I fhall make
in burning lime in this Kiln.

For the information of thofe who may be dif-
pofed to engage in thefe purfuits, I have publifhed,
the annexed fketch of the Lime-kiln in queftion,

which
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which is now aftually building (fee Plate VL),
I thought it right to do this, that we might ftart
fair ; and I can aflure my competitors in this race,
that I fhall feel no ill will on feeing them get before
me.

If I do not deceive myfelf, the laudable exertions
of others afford me almoft as much pleafure as
my own purfuits ;3—at lealt I am quite certain that
when I can flatter myfelf that I have had any,—
‘even the imalleft thare,—in exciting thofe exertions,
the fatisfation I feel in contemplating them is ine
exprefiible. '

DESCRIP-
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DESCRIPTION or tae PLATES,

PLATE L

16. 1. A view of a double cover for a boiler or
faucepan. In this defign the rim is feen which
enters the boiler, and the tube by which the fteam
goes oft is [een in part (above),—and is in part in-
dicated by dotted lines. (See page 18.)

Fig. 2 fhows this cover pIacefl on its boiler.
Part of the fide of the cover is reprefented as want-
ing, in order that the fteam tube might be better
feen. The height of this cover is reprefented as
being equal to ome-half its diameter; but I have
found one-third of its diameter quite fufficient for
its height.

- Fig. 3 and Fig, 4 are views of my circular

dithing-grates for clofed kitchen fire-places. They
may be made of any fize, from § inches to 18
inches in diameter, according to the fize of the
boiler. The rules I have in general followed, in
determining the fize proper for the grate for any
(circular) boiler, has been to make its diameter
equal to half the diameter of the boiler at the brim.
{See page 41.)

Fig. 5 is an inverted hollow cone of thin fheet-
iron, which is placed immediately under the grate,
6 1ts
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its brim being made to receive the circular rim of
the grate. When the fire-place is large, this in-
verted cone may be made of fire-ftone, or con-
ftrufted of bricks and mortar. For {mall fire-
places it may be made of earthen ware, which is
perhaps the very beft material for it that can be
found. (Sec page 413.)

Fig. 6, Fig, 7,and Fig. 8, are views and fections
of a perforated tile, with its {topper, fuch as are
ufed for clofing the gntrance by which the Fuel is
introduced into clofed Kkitchen fire-places. The
diameter of the circular opening, or hole in the
tile, may be from 6 to 7 inches. (Seepage 30.)

PLATE II,

The various Figures, from No. g to No. 16 of
this Plate, fhow the conftruction of an ath-pit door,
with its regifter. (See page 31.) :

Fig. 9 is a front view of the door with its re-
gifter.—The whole is conftructed of fheet-iron,
except the four narrow pieces at the four corners,
which hold down in ifs place the circular plate of
the regifter ;- and the {mall circular plate (as large
as an half-crown) in the center of the regifter,
which are made of brafs, on account of that metal
not being fo liable to ruft as iron.

Fig. 10 is afide view of the backfide of the door,
fixed in its frame, in which the manner of its be-
ing fhutin its frame is feen, and the iron ftraps,

5 a, b,
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a, b, ¢, d, are {een, by which the frame is faftened
in the brick-work.

-

Fig. 11 is an horizontal fettion through the
middle of the door and its frame, and through the
button which ferves for fhutting the door.

Fig. 12 is a feCtion of this button, on an en-

larged fcale, fhowing the manner in which it is
conftructed.

Fig. 13 is the plate. of fheet-iron which forms the
front of the door, with the holes in it, by which the
other parts of the machinery are fixed to it.

Fig. 14 is the circular plate which forms the re-
gifter—to this plate is fixed a projecting knob, or
button, (reprefented in the Figure,) by which.it is
turned about.

- Tig. 15 and Fig. 16 thow, on an enlarged fcale,
one of the four pieces of brafs by which the circular
plate of the regifter is kept down in its place.

In conftructing thefe regilter doors, and in ge-
neral all iron doors for fire-places, great and fmall,
the door fhould never fhut in a rabbet, or groove;
in the frame, but thould merely fhut down on the
front edge of the frame, which edge, by grinding it
on the flat furface of a large flat ftone, fhould be
made quite level to receive it. If this be done;
and if the plate of iron which conftitutes the door
be made quite flat, and if it be properly fixed on its
hinges, the door will always fhut with facility and
clofe the opening with precifion, notwith{tanding

the
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the effets of the expanfion of the metal by heat;
but this cannot be the cale when the doors of fire-
places are fitted in grooves and rabbets.

Where the heat is very intenfe, the frame of the
door fhould be made of fire-ftone ; and that part of

the door which is expoled naked to the fire fhould -

be covered either with a fit piece of fire-ftone, faft-
ened to it with clamps of iron, or a fufficient num-
ber of ftrong nails, with long necks and flat heads,
or of ftaples, being driven into that fide of the plate
of iron which forms the door which is expofed,
thould be covered with a body about 2 inches thick
of ftrong clay mixed with a due portion of
coarfe powder of broken crucibles, which mafs
will be held in its place by the heads of the
nails and by the projeting ftaples. This mafs
being put on wet, and gently dried, the cracks
being carefully filled up as they appear, and the
whole well beaten rogether into a folid mafs, will,
when properly burned on by the heat of the fire,
torm a covering for the door which will effettually
defend it from all injury from the fire; and the
door fo defended will laft ten times longer than it
would laft without this defence. .

The infide doors of the two Brew-houfe Fire-
places which I have fitted up at Munich are both
defended from the heat in this manner; and the
contrivance, which has anfwered perfectly all that
was expefted from it, has not been found to be at-
tended with any inconvenience whatever.

PLATE
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PLATE Il

Fig. 17 is a front view of the new boiler of the
brew-houfe called Neuheufel, or rather of its fire-
place and cover (the boiler being concealed in the
brick-work). The infide door of the fire-place is
here reprefented fhut; and, in order that it might
appear, the outfide door is taken off its hinges, and
isnot thown. The two vaulted galleries, A, B, in
the folid mafs of the brick-work, on the right and
left of the fire-place, (which were made to fave
bricks,) ferve for holding fire-wood. The partition
walls of the fire-place and the different flues,—as
alfo a fection of the boiler, are reprefented by dot-
ted lines. The fmall circular hole on the left of
the fire-place door is the window opening into the
fire-place, by which the burning Fuel may be feen.

a, b, is the wooden curb of the boiler: ¢, 4, a
platform on which the men ftand when they work
in emptying the boiler, &c.: ¢, f; is a platform
which ferves as a paffage from one fide of the
boiler to the other. ‘I'his platform, which is about

18 inches wide, 15 12 inches higher than the other
platforms, in order that the openings g and 4, into
the flues, may remain free. Thefe openings, which
are opened only occafionally, that is to fay, when
the flues want cleaning, are kept' clofed by double
brick-walls.  Thefe walls are exprefled in the fol-
lowing Figure.

Fig. 18. Thisis a horizontal {fe&ion of the fire-

place at a level with the bottom of the boiler.
g, dy
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g, a, u, a, are four openings by which the flues,
which, in the firft arrangement of this fire-place;
went round the outfide of the boiler, was occas
fionally cleaned : & is the canal by which the fmoke
went off into the chimney.

The entrance into the fire-place, and the conical
perforation in the wall of the fire-place which ferves
as a window for obferving the fire, are marked by
dotted lines. The pofition of the outfide door of
the fire-place is marked by a dotted line, ¢, &
The circular difhing-grate is feen in its place; and
the walls of the flues under the boiler are all feen.
The crooked arrows in the flues thow the dn‘e&mﬂ
l;rf the flame. (See page 100.)

PhLAT 5 T

Fig. 19 is a vertical fetion of the boiler repre-
fented in the foregoing Plate (Fig. 17.). This fec-
tion is taken through the middle of the boiler, of
the fire-place, and of the cover of the boiler. A is
the ath-pit, with a fection of its regifter door. B is
the fire-place, and its circular difhing-grate. C is
the entrance by which the Fuel is introduced, with
fe€tions of its two doors. D is a {pace left void to
faveé bricks. E is the boiler, and F its wooden
cover.  is the fteam chimney, which is furnifhed
with a damper. R, R, is the vertical wall of the
houfe againft which the brick-work in which the
boiler is fixed is placed.

a, b, is the curb of timber in which the boiler is
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The manner in which the cover of the boiler is
conftructed, as well as its form, and the door and
windows which belong to it, are all feen diftinétly
in this Figure,

Fig, 20 is an horizontal fetion of this fire-place
taken on a level with the bottom of the flue which
goes round the outfide of the boiler, in which flue,
before the fire-place was altered, the flame circu-
lated. The flues under the boiler are, in this
Figure, indicated by dotted lines.

PLATE X

Fig. 21 is a horizontal fection of the fire-place
of the brewhoufe boiler, at a level with the top
of the flues under the boiler, after the flue round the
outfide of the boiler had been flopped up, or rather the
flame prevented from circulating in it. This Fi-
gure thows the attual ftate of the fire-place at the
prefent time, (See page 126.)

The crooked arrows fhow the direttion of the
flame in the flues.—a, b, are the two canals (each
of which is furnifhed with a damper) by which the
imoke goes off into the chimney;—and ¢, ¢, ¢, ¢,
¢, ¢, are fix fmall openings communicating with
the flues, by which the flame and hot vapour can
pafs up into the cavity on the outfide of the boiler
which formerly ferved as a flue.

Fig. 22 is a front view of the afh-pit door of
this brewhoufe fire-place, with its regifter. This
doar is clofed by means of a latch of a particular
conftrution, which is fhown in the Figure.

VOL, I, 0 Fig.
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Fig. 23 is the door without its regifter ;—and

Fig. 24 the circular plate of the regifter repre-
fented alone.

This ath-pit door fhuts againft the front edge of
its frame, and not into it; the reafons for pre-
ferring this method of ﬁttmg the door to its frame

have already been explained. (See defcriptions of
the Plate I1.)

PLATE VL

Fig. 25 is a fe€tion of a fmall lime-kiln, built,
or rather now building, at Munich, for the purpofe
of making experiments. The height of the kiln is
15 feet ;—its internal diameter below, 2 feet,—and
above, g inches. In order more effectually to con-
fine the heat, its walls, which are of bricks and very
thin, are double, and the cavity between them is
filled with dry wood afhes. To give greater
ftrength to the fabric, thefe two walls are con-
nected in different places by horizontal layers of
bricks which unite them firmly.

a, is the opening by which the fuel is put into
the fire-place. Through this opening the air de-
feends which feeds the fire. 'The fire-place is re-
prefented nearly full of coals, and the flame paffing
off laterally into the cavity of the kiln, by an open-
g made for that purpofe at the bottom of the ﬁre.-
place,

The opening above, by which the fuel is intro-
duced into the fire- plau:e, is covered by a piate of

iron,
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iron, moveable on hinges ; which plate, by being
lifted up more or lefs by means of a chain, ferves
as a regifter for regulating the fire.

A fe&ion of this plate, and of the chain by which
it is fupported, are thown in the Figure.

b is an opening in the front wall of the fire-place,
which ferves occafionally for cleaning out the fire-
place, and the opening by which the flame pafles
from the fire-place into the kiln. This opening,
which muft never be quite clofed, ferves likewife
for admitting a fmall quantity of air to pafs hori-
zontally into the fire-place. A {mall proportion of
air admitted in this manner has been found to be
ufeful and even neceflary in fire-places in which,
in order to confume the fmoke, the flame is made
to defcend. Several fmall holes for this purpofe,
fitted with conical ftoppers, may be made in dif-
ferent parts of the front wall of the fire-place.

The bottom of the fire-place is a grate con-
ftruéted of bricks placed edgewife, and under this
grate there is an afh-pit; but as no air muft be
permitted to pafs up through this grate into the fire-
place, the afh-pit door, ¢, is kept conftantly clofed,
being only opened occafionally to remove the afhes.

d is the opening by which the lime is taken out
of the kiln; which opening muft be kept well
clofed, in order to prevent a draught of cold air
through the kiln.

As only as much lime muft be removed at once
as is contained in that part of the kiln which lies
below the level of the bottom of the fire-place, to
be able to afcertain when the proper quantity is

taken
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taken away, the lime, as it comes outof the kiln,
may be direted into a pit funk in the ground in
front of the opening by which the lime is removed,
this pit being made of proper fize to ferve as a
mealure.

While the lime is removing from the bottom of
the kiln, frefh lime-flone fhould be put into it
above ; and, during this operation; the fire may be
d&mped by clofing the top of the fire-place with its
iron plate.

Should it be faund neceﬂhry, the fire, and the
diftribution of the heat, may, in burning the lime,
be farther regulated b}r clofing more or lefs the
opening at the top of the Jime-kiln with a flat piece
of fire-ftone, ora plate of calt iron.

The double walls of the kiln, and the void fpace
between them, as alfo the horizontal layers of
bricks by which they are united, are clearly and
diftinétly exprefled in the Figure. The kiln is re-
prefented as being nearly filled with fmall round
ftones, fuch as are ufed at Munich in burning lime.
"T'hefe ftones are brought down from the calcareous
mountains on our frontiers, by the river (the Ifar),
and are rounded by rubbing againft each other as
they are rolled along by the impetuofity of the
torrent,

END OF THE SIXTH ESSAY,
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ADVERTISEMENT

SEVENTH ESSAY.

rgiz & Author finds himfelf once more in a fitua-

tion, in which he feels it to be his duty to
apologize for having deviated from the plan
announced to the Public in refpet to the order of
his Publications.—The Treatife on the Conftruction.
of Kitchen Fire-places, and Kitchen Utenfils, which
was promifed fome time ago, and which, according
to the original plan of the work, ought to have con-
ftituted the Seventh Effay, is not yet ready for the
prefs ;—a defire to render it as perfect as poflible
having induced the Author to delay its publication,
in order to wait the refults of fome new Experi-
ments which he is now engaged in making, and
which, he has reafon to hope, will lead to farther
improvements in the Management of Heat in
culinary proceffes.

The objeét principally had in view in thefe Ex-
periments, was to contrive portable clofed fire-
places to ferve inftead of fixed fire.places for
cooking on a {mall fcale; or which might be ufed

VOL. 1I, il ) Qcca-




ADVERTISEMENT.

occafionally in the kitchens of private families
when food is provided for a much larger number
of perfons than ufual.

Such portable fire-places could not fail to be ex-
tremely ufeful to poor families, who cook their
victuals in the rooms in which they live; and they
would certainly be very convenient in the kitchens
of the opulent, which, in order that dinners may
occafionally be prepared for large companies, are
commonly made much more {pacious and expenfive
than otherwife would be neceffary.

Another objet had in view, and which is cer-
tainly of the molt ferious importance, was to con-
trive matters fo that fauce-pans, and other kitchen-
utenfils conftructed of porcelain and of earthen=
ware, -might, without any inconvenience, be ufed
in preparing food, inftead of thofe now in common
ufe, which are moftly of copper, by which the
deleterious effects of that poifonous metal may be
avoided.

The Author is now fitting up a large kitchen,
(in the new Veterinary College in the Englith gar-
den at Munich,) in the conftrution of which there
is not a particle of any kind of metal employed ;
and all the fauce-pans and fmaller boilers belong-
ing to it are of earthen-ware. He is fitting up
another, (in his own houfe,) in which the fauces
pans and caffaroles are all of white porcelain,
made very thin,—free from all fharp edges,—and
covered on the outfide with thin fheet-iron, to

prevent the effedts of a too fudden application of
heat,
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ADVERTISEMENT.

hieat. How far thefe various contrivances may dea
ferve to be recommended as models for imitation,
will foon be determined by atual Experiments ;
and a faithful account of the refults of thefe Ex-
periments fhall, as foon as poffible, be laid before
the Public.

There is another Experiment, of a different
kind, in which the Author is engaged, (the refult
of which he means in due time to publifh,)
which cannot fail to intereft very deeply many of
his benevolent readers. He is forming a public
eftablifhment, on a plan which is, in many refpedts,
entirely new, for the education of 100 poor
children of both fexes, from five to fix years of
age; and he hopes to be able to prove, by this
LExperiment, that children of that age ‘may be
maintained, well educated, and rendered ufeful
members of fociety, without any expence what-
ever, either to their parents or to the Public. To
render them f{trong, healthy, and cheerful, they
will be made to take a great deal of exercife in the
open air ; much of their time will be employed in
cultivating a farm, and a large kitchen-garden ;
and they will be allowed a reafonable time for their
recreations.—They will be inftruted in agricul-
ture and in gardening, and in all the various
occupations of rural life; and in bad weather,
and particularly in winter, they will be employed
in various manufactures ; fuch as can be carried on
within doors, and are not detrimental to health.
‘To encourage in the molt effeCtual manner a fpirit

of




ADVERTISEMENT:

of induftry and a habit of ceconomy ameng the
children belonging to this eftablifhment, the whole
of their earnings, over and above the neceflary
expences of their mainténance, will belong to
themfelves ; and a feparate and exaét account will
be kept with each of them, from the time they
enter the eftablifhment, till they quit it ; and when
they go away, the balance due to them will be
faithfully paid into their hands.

From the accounts which have been colleéted of
the earnings of the children who frequent the
Houfe of Induftry at Munich, and the eftimates
which have been made of the expence of their
maintenance, there appears to be the ftrongeft
reafons to think that this {cheme can hardly fail to
be artended with fuccefs.
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ESS8AY VI

OF THE

Manner in which HEAT is propagated in
FLuiDs,

OF A

Remarkable LAw which has been found to
obtain, in the Condenfation of WATER "
with CoLDp, when it is near the Tempe-
rature at which it freezes; and of the
wonderful Effe&ts which are produced by
the Operation of that Law, in the
Economy of Nature.

TOGETHER WITH

Conjectures refpecting the FinaL CAUSE of
the SALTNEsSS OF THE SEA.
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ESSAY VIL

CHAFEE

Danger of admitting received Opinions in Philofophical
Inveftigations, without Examination.—The free
- Paffage of HEAT, in all Bodies, in all Direltions,
never yet called in queftion.~—FHeat does not, hows
ever, pafs in this Manner, in all Bodies without
Exception.—AIrR and WATER, and prebably all
other FLulDs, are, in faéfl, NON-CONDUCTORS
of HeaT.—dccidental Difcoveries, which led to
an experimental Inveftigation of this curious Subject.
—The internal Motions among the Particles of
Fluids rendered wifible.—The Propagation of Heat
in Fluids obftrucied and retarded, by every thing
which obftrucls the internal Motions of their Parti-
cles ;—bhence there is Reafon to conclude, that Heat
is propagated in them, only in confequence of thofe
Motions ;—that it is tranfported by theme—not fuf-
fered to pafs through them.—FuRrs and FEATHERS,
and all other like Subflances, which, in Air,
Jorm warm Covering for confining Heat, found, by
Experiment, to produce the fame Effells in Water.—
Thefe Effects are probably produced in both Iluids
in the fame Manner, namely, by obflrucling the
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200 Of the Propagation of Heat

Motions of their Particles, in the Operation of
tranfporting the Heat.—The condulling Power of
Water, remarkably impaired by mixing with it fuch
Subftances as render it wifcous, and diminifb
its Fluidity.—Thefe” Difcoveries refpecting  the
Manner in which Heat is propagated in Water,
throw much Light on feveral of the moft interefting
Operations in the Economy of Nature.—~They
enable us to account, in a fatisfactory Manner, for
the Prefervation of Trees and other Vegetables, and
of Fruits, during the Winter, in cold Climates.

IT is certain, that there is nothing more danger-
ous, in philofophical inveftigations, than to take
any thing for granted, however unqueftionable it
may appear, till it has been proved by direct and
decifive experiment.
I have very often, in the courfe of my philofo-
phical refearches, had occafion to lament the con-

fequences of my inattention to this moft neceflary -

precautinn.

There is not, perhaps, any phznomenon that

more frequently falls under our obfervation, than
the Propagation of Heat, The changes of the
temperature of fenfible bodies—of folids—liquids—
and elaftic fluids, are going on perpetually under
our eyes; and there is no faét which one would
not as foon think of calling in queftion, as to
doubt of the free paflage of Heat, in all diretions,
through all kinds of bodies., But, however obvi-
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ouily this conclufion appears to flow, from all that |

we oblerve and experience in the common courfe

of
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of life, yet it is certainly not true;—and to the

erroneous opinion refpecting this matter, which has

been univerfally entertained—by the learned, and

by the unlearned—and which has, I believe, never

even been called in queftion, may be attributed the

little progrefs that has been made in the inveftigation
of the fcience of Heat:—a {cience, affuredly, of
the utmoft importance to mankind !

Under the influence of this opinion, I, many
years ago, began my experiments on Heat; and
had not an accidental difcovery drawn my attention
with irrefiftible force, and fixed it on the fubje,
I probably never fhould have entertained a doubt
of the free paflage of Heat through air; and even
after I had found reafon to conclude, from the
refults of experiments which to me appeared to be
perfetly decifive, that air is a non-condultor of
Heat; or that Heat cannot pafs through it, with-
out being tranfported by its particles; which, in
this procefs, a¢t individually, or independently of
each other; yet, fo far from purfuing the fubjeét,
and contriving experiments to afcertain the manner
in which Heat is communicated in other bodies,
I was not fufficiently awakened to fulpeét it to be
even poflible, that this quality could extend farther
than to elaftic Fluids.

With regard to liquids, fo entirely perfuaded was
I, that Heat could pals freely, in them, in all direc-
tions, that I was perfetly blinded by this prepof-
feflion, and rendered incapable of feeing the moft
ftriking and moft evident proofs of the fallacy of
this opinion.

P 3 1 have




502 Of the Propagation of Heat

I have already given an account, in one of my
late publications—(Effay VI. on the Management
of Fire, and the Economy of Fuel)—of the man-
ner in which I was led to difcover, that feam and
flame are non-conductors of Heat :—1I fhall now lay
before the Public an account of a number of expe-
riments I have lately made, which feem to fhow
that water,—and probably all other liquids,—and
Fluids of every kind, poflefs the fame property.
That is to fay, that although the particles of any.
Fluid, individually, can receive Heat from other
bodies, or communicate it to them; yet, among
thefe particles themfelves, all interchange and com-
munication of Heat is abfolutely impoffible.

It may, perhaps, be thought not altagether un-
interefling, to be acquainted with the various fteps
by which I was led to an experimental inveftigation
of this curious fubjet of enquiry.

When dining, I had often obferved that fome
particular difhes retained their Heat much longer
than others; and that apple-pies, and apples and
almonds mixed,—(a difh in great repute in Eng-
land,)—remained hot a furprifing length of time.

Much ftruck with this extraordinary quality of
retaining Heat, which apples appeared to poflefs, it
frequently occurred to my recollection ; and I never
burnt my mouth with them, or faw others meet with
the fame misfortune, without endeavouring, but in
vain, to find out fome way of accounting, in a fatif-
fattory manner, for this fugprifing phanomenon.

- About four years ago, a fimilar accident

awakened my attention, and excited my curiofity
{till
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ftill more : being engaged in an experiment which I
could not leave, in a room heated by an iron ftove,
my dinner, which confifted of a bowl of thick rice-
foup, was brought into the room; and as I hap-
pened to be too much engaged at the time to eat
it, in order that it might not grow cold, I ordered
it to be fet down on the top of the ftove: about an
hour afterwards, as near as I can remember, begin-
ning to grow hungry, and feeing my dinner {tand-
ing on the ftove, I went up to it, and took a {poon+
full of the foup, which I found almoft cold, and
quite thick. Going, by accident, deeper with the
fpoon the fecond time, this fecond fpoon-full burnt’
my mouth *. This accident recalled very forcibly
to my mind the recolleétion of the hot apples and
almonds, with which I had fo often burned my
mouth, a dozen years before, in England; but
even this, though it furprifed me very much, was
not fufficient to open my eyes, and to remove
my prejudices refpecting the conduing power of
water.

Being at NaPLEs, in the beginning of the year
1794, among the many natural curiofities which
attratted my attention, I was much ftruck with
feveral very interefting phanomena which the hot
baths of Baia prefented to my obfervation; and
among them there was one, which quite aftonifhed

* It is probable that the ftove happened to be nearly cold when the bowl
was fet down upon it, and that the foup had grown almoft cold; when,
a frefh quangity of fuel being put into the fove, the Heat had been fuddenly

increaled,
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204 Of the Propagation of Heat

me : ftanding on the fea-fhore, near the baths,
where the hot fteam was iffuing out of every crevice
of the rocks, and even rifing up out of the ground,
I had curiofity to put my hand into the water.
As the waves which came in from the fea fol-
lowed each other without intermiflion, and broke
over the even furface of the beach, I was not fur-
prized to find the water cold ;—but I was more
than furprifed, when, on running the ends of my
fingers through the cold water into the fand, I
found the heat fo intolerable, that I was obliged
inftantly to remove my hand. The fand was per-
fectly wet; and yet, the temperature was fo very
different at the fmall diftance of two or three
inches ! I could not reconcile this with the fuppofed
great conducting power of water.—I even found
that the top of the fand was, to all appearance,
quite as cold as the water which flowed over it;
and this increafed my aftonifhment ftill more. 1
then, for the firlt time, began to doubt of the
conduéting power of water, and refolved to fet
about making experiments to afcertain the faét;
I did not however put this refolution into execus.
tion till about a month ago; and fhould perhaps
never have done it, had not another unexpected
appearance again called my attention to it, and ex~
cited afrefh all my curiofity.

In the courfe of a fet of experiments on the
communication of Heat, in which I had occafion
to ufe thermometers of an uncommon fize,—(their
globular bulbs being above four inches in diame-

ter,)
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ter,)—filled with various kinds of liquids, having
expofed one of them, which was filled with fpirits
of wine, in as great a heat as it was capable of
fupporting, I placed it in a window, where the
fun happened to be fhining, to cool; when, caft-
ing my eye on its tube, which was quite naked,—
(the divifions of its fcale being marked in the glafs
with a diamond,)—1I obferved an appearance which
furprifed me, and at the fame time interefted me
very much indeed. I faw the whole mafs of the
liquid in the tube in a moft rapid motion, running
fwiftly in two oppofite diretions, #p, and down, at
the fame time. The bulb of the thermometer,
which is of copper, had been made two years
before 1 found leifure to begin my experiments ;
and having been left unfilled, without being clofed
with a ftopple, fome fine particles of duft had
found their way into it, and thefe particles, which
were intimately mixed with the Ipirits of wine, on
their being illuminated by the fun’s beams, became
perfetly vifible,—(as the duft in the air of a
darkened room is illuminated and rendered vifible
by the fun-beams which come in through a hole,)—
and by their motion difcovered the violent motions
by which the {pirits of wine in the tube of the
thermometer was agitated.

This tube, which is A% of an inch in diameter
internally, and very thin, is compofed of very
tranfparent, colourlefs glafs, which rendered the
~ appearance clear and diftin&, and exceedingly
beautiful. On examining the motion of the fpirits
of wine with a lens, I found that the afcending

current
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current occupied the axis of the tube, and that it
defcended by the fides of the tube.

On inclining the tube a little, the #ifing current
moved out of the axis, and occupied that fide of
the tube which was uppermoft, while the defzend-
ing current occupied the whole of the lower fide
of it.

When the cooling of the fpirits of wine in the
tube was haftened by wetting the tube with ice-
cold water, the velocities of both the afcending and
the defcending currents were fenfibly accelerated.

The velocity of thefe currents was gradually
leflened, as the thermometer was cooled; and
when it had acquired nearly the temperature of the
air of the room, the motion ceafed entirely.

By wrapping up the bulb of the thermometer in
furs, or any other warm covering, the motion
might be greatly prolonged.

I repeated the experiment with a fimilar thermo-
meter of equal dimenfions, filled with linfeed-oil,
and the appearances, on fetting it in the window to

cool, were juft the fame. The direCtions of the

currents, and the parts they occupied in the tube,
were the fame; and their motions were to all
appearance quite as rapid as thofe in the thermo-
meter which was filled with {pirits of wine.

Having now no longer any doubt with refpe to
the caufe of thefe appearances, being perfuaded
that the motion in thefe liquids was occafioned by
their particles going individually, and in fucceffion,
to give off their Heat to the cold fide of the tul:l-E,
in the fame manner as I have fhown in another

6 place,

|
[N 1
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place, that the particles of air give off their Heat to
other bodies, I was led to conclude that thefe, and
probably all other liquids, are in fa&t non-con-
ductors of Heat; and I went to work immediately
to contrive experiments to put the matter out of
all doubt. 2

On confidering the fubject attentively, it ap-
peared to me, that if liquids were in fa&t non-con-
ductors of Heat, or if it be propagated in them only
in confequence of the internal motions of their
particles ; in that cafe, every thing which tends to
obftruét thofe .motions, ought certainly to retard
the operation, and render the propagation of the
Heat flower, and more difficult. I had found that
this is afually the cafe in refpeét to air; and
though (under the influence of a ftrong and deep-
rooted prejudice) I had, from the refult of one
imperfe&t experiment, too haftily concluded, that it
did not take place in regard to water ; yet I now
found ftrong reafons to call in queftion the refult of
that experiment, and to give the fubje&t a careful
and thorough inveftigation.

Thinking that the beft mode of proceeding, in
this enquiry, would be to adopt a method fimilar
to that I had purfued in my experiments on the
conduéting power of Air, I prepared an apparatus
fuitable to that purpofe. The firft object I had in
view being to difcover whether the propagation of
Heat through water was obftruéted, or not, by
rendering the internal motion among the particles
of the water, occafioned by their change of tem-
perature, embarrafled and difficult, I contrived to

make
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make a certain quantity of Heat pafs through a
certain quantity of pure water, confined in a cer-
tain fpace; and noting the time employed in this
operation, I repeated the experiment again, with

the fame apparatus, with this difference only, that -

in this fecond trial, the water through which the
Heat was made to pafs, inftead of being pure, was
mixed with a fmall quantity of fome fine fubftance,
(fuch as ider-down, for inftance)—which, without
altering any of its chemical properties, or impair-
ing its fluidity, ferved merely to obftruét and em-
barrals the motions of the particles of the water
in tranfporting the Heat, in cafe Heat fhould be
attually tranfported or carried in this manner, and
not fuffered to pafs freely through liquids.

The body which received the Heat, and which
ferved, at the fame time, to meafure the quantity
of it communicated, was a very large cylindri-
cal thermometer. (See Plate I.) The bulb of
this thermometer, which is conftructed of thin
theet-copper, is cylindrical, its two ends being
hemifpheres.

Its dimenfions are as follows :

Dimenfions of {E;;r;f}t:r : : ,:_3; oy

Capacityor contents 13.2099 cubic inches.
External {uperficies 28.834 fuperficial inches.

thermometer.

The thicknefs of the fheet-copper of which it is

-

&

i
w
i
3
E

;

conftruéted, is o.03 of aninch. It weighs, empty, . |

1846 grains ;—and is capable of containing 3344
grains of water, at the temperature of §5° This
copper bulb has a glafs tube, 24 inches long, and

v of
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& of an inch in diameter; which is fitted by
means of a good cork, into a cylindrical tube
or neck of copper, one inch long, and %% of
an inch in diameter, belonging to the metallic
bulb.

This thermometer, being filled with linfeed-oil,
and its fcale graduated, was fixed in the axis of a
hollow cylinder, conftructed of thin fheet-copper,
111 inches long; and 2.343¢ inches in diameter
internally. This cylinder, which is open at one
end, is clofed at the other with a hemifpherical
bottom, with its convex furface outwards. The
cylinder weighs 2261 grains, and the fheet-brafs
of which it is conftructed is, o.0128 of an inch
in thicknefs.

The bulb of the thermometer was placed in the
lower part of this brafs cylindrical tube, and was
confined in the middle, or axis of it, by means of
three pins of wood, about ;% of an inch in diame-
ter, and ¢ of an inch long, which pins are fixed
in tubes of thin fheet brafs, & of an inch in
diameter, and < of an inch in length. Thefe
fhort tubes, which are placed at proper diftances
on the infide of the large brafs tube, at its lower
end, and firmly attached to it by folder, ferve as
fockets into which the ends of the wooden pins,
which, pointing inwards, or towards the axis of
the large cylindrical tube, ferve to confine the
lower end of the bulb of the thermometer in its
proper place. Its upper end is kept in its place ;
or the axis of the thermometer is made to coincide
with the axis of the brafs cylinder, by caufing the
tube of the thermometer to pafs through a hole in

the
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the middle of a cork ftopper which clofes the end
of the cylinder.

The bottom of the bulb of the thermometer does
not repofe on the hemifpherical bottom of the brafs
cylinder, but 1s fupported at the diftance of % of an
inch above it, on the end of a wooden pin, like thofe
juft defcribed ; which pin is fixed in a focket in
the middle of the bottom of the cylindrical tube,
~and projects upwards. The ends of all thefe
wooden pins which projeét beyond the fockets in
which they are fixed, are reduced to a blunt point:
This was done to reduce as much as poflible the
points of contact between the ends of thefe pins
and the bulb of the thermometer. :

The thermometer being in its place, there is on
every {ide a void fpace left between the bulb of the
thermometer and the internal furface of the brafs
cylinder in which it is confined ; the diftance be-
tween the external furface of the bulb of the ther-
mometer and the internal furface of the containing
cylinder being o0.25175 of an inch. This fpace is
defigned to contain the water and other fubftance
through which the Heat is made to pafs into, or out
of, the bulb of the thermometer ; and the quantity
of Heat which has pafled is thewn by the height of
the fluid in the tube of the thermometer. The
quantity of water required to fill this {fpace and to
cover the upper end of the bulb of the thermo-
meter to the height of about } of an inch was
found to weigh 2468 grains. As the thermo-
meter was plunged into this water it was of courfe
in contalt with it by its whole furface, which, as

we have feen, is equal to 28.834 fquare inches.
The
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The bulb of the thermometer being furrounded
by water, or by any other liquid, or mixture, the
conduéting power of which was to be afcertained, a
cylinder of cork fomething lefs in diameter than
the brafs cylinder,—about half an inch long,
with a hole in its centre, in which the tube of the
thermometer pafled freely, was thruft down into
the brafs cylinder, but not quite {o low as to touch
the furface of the water, or other fubftance it con-
tained. This cylinder, or difk, was {upported in
its proper place by three projecting brafs points or
pins which .were fixed with folder to the outfide
of the metallic neck of the bulb of the thermo-
meter. !

As foon as this difk of cork ¥ put into its place,
the upper part of the hollow brals cylindrical tube
is filled with eider-down, and it is clofed above
with its cork ftopper, the tube of the thermometer,
which paffes through a fit hole in the middle of
this ftopper, projetting upwards. As the whole
fcale of the thermometer, from the point of freez-
ing to that of boiling water, is above the upper
furface of this {topper, all the changes of heat to
Which the inftrument is expofed, can be obferved
at all times without deranging any part of the ap-
paratus. -

The thermometer is divided according to the
{cale of Fahrenheit, and its divifions are made to
correfpond with a very accurate mercurial ther-
mometer made by TroucHTON.

The experiments with this inftrument, which;
- for the fake of diftinétion, I fhall call my eylindrical

pafjage
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paffage thermometer, were made in the following
manner : The thermometer being fixed in its
cylindrical brafs tube, in the manner above de-
fcribed, and furrounded by the fubftance the con-
duéting power of which was to be afcertained,
the inftrument was placed in thawing ice, where it
was fuffered to remain till the thermometer fell to
32°. Itwas then taken out of the melting ice, and
immediately plunged into a large veflel of boiling
water, and the conducting power of the fubftance
which was the fubjet of the experiment was efti-
mated by the time employed by the Heat in pafling
through it into the thermometer; the time being
carefully noted when the liquid in the thermo-
meter arrived at the g4oth degree of its feale;
and alfo when it came to every 2oth degree above
.

As the flower Heat moves, or is tranfported, in
any medium, the longer muft of courfe be the time
required for any given quantity of it to pafs through
it; and as the thermometer fhows the changes
which take place in the temperature of the body
which is heated or cooled,—(namely, the liquid with
which the thermometer is filled,)—in cnnfequencé
of the paffage of the Heat through the medium by
which the thermometer is furrounded, the condutt-
ing power of that medium is fhown by the quicknefs
of the alcent or defcent of the thermometer, when,
having been previoufly brought to a certain tempe-
rature, the inftrument is fuddenly removed and
plunged into another medium at any other con-

ftant given temperature, ;
5 Havmg
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Having fill frefh in my memory the accidents I
had fo often met with in eating hot Apple-pies, I
was very impatient, when I had completed this in-
ftrument, to fee if Apples, which, as I well knew, are
compoled almoft entirely of water, really poflefs a
greater power of retaining Heat than that liquid
when it is pure, or unmixed with other bodies. But
before I made the Experiment, in order that its
refult might be the more fatisfatory, I determined,
in the following manner, how much water there
really is in Apples, and what proportion their fi-
brous parts bear to their whole volume.

960 Grains of ftewed Apples (the Apples hav-
ing been carefully pared and freed from their
ftems and feeds before they were ftewed) were
well waflhed in a large quantity of cold {pring
water, and the fibrous parts of the Apples being
fuffered to fubfide to the bottom of the veflel,
the clear part of the liquor was poured off, and the
fibrous remainder being thoroughly dried was care-
fully weighed, and was found to weigh juft 25
grains.

This fibrous remainder of the g96o grains of
ftewed Apples being again wafhed in a frefh quan-
tity of cold {pring water, and afterwards very tho-
roughly dried, by being expofed feveral days on a
china plate placed on the top of a German ftove,
which was kept conftantly hot, was again weighed.
and was found to weigh no more than 18;7%
grains.

From this Experiment it appears that the fibrous

parts of ftewed Apples amount to lefs than ;5 part
VOL. IL Q_ of
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of the whole mafs; and there is abundant reafon
to conclude that the remainder, amounting to 42
of the whole, is little elfe than pure water.

Having furrounded the bulb of my cylindrical
paflage thermometer with a quantity of thefe ftewed
Apples, (the confiltence of the mafs being fuch
that it fhewed no figns of fluidity,) the inftrument
was placed in pounded ice, which was melting,
and when the thermometer indicated that the
whole was cooled down to the temperature of 32°,
the inftrument was taken out of the melting ice,
and plunged into a large veflel of boiling water,
and the water being kept boiling with the utmoft
violence during the whole time the Experiment
lafted, the times taken up in heating the thermo-
meter from 20 to 20 degrees were oblerved and
noted down in a table, which had been previouily
prepared for that purpofe.

This Experiment having been repeated twice,
and varied as often by firflt heating the inftrument
to the temperature of boiling water, and then
plunging it into melting ice, and obferving the
time taken up in the paffage of the heat aut of the
thermometer ; I removed the ftewed Apples which
furrounded the bulb of the thermometer, and filling
the fpace they had occupied with pure water, I
now repeated the Experiments again with that li-
quid. The following Tables fhow the refults of
thefe Experiments.
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In heating the Thermometer
from the temperature of 32°
to that of 40°

from 40° to 60°
6o° to 8o0°
100°

120°

140"

160°

180°

200

Total times in heating frum}

32° to 200°

Times employed in heating the
inftrument 8o degrees, vix.}
from 8o° to 1607

Mean times in heating it From}
80° to 160° -

21§

The reflults of thefe Experiments thow that Heat
pafles with much greater difficulty, or much flower,
in_fewed Apples than in pure Water ; and as ftewed

Apples are little elfe than

water mixed with a very

fmall proportion of fibrous and mucilaginous mat-
ter, this tfhows that the conducting powet of water
with regard to Heat may be impaired.

The refults of the following Experiments will
ferve to confirm this conclufion.

F

Q2

Time the Heat was pafling
_INTo the Thermometer,
Through 1 Through
ftewed Apples.| Water.
Exp. | Exp.' Exp.| Exp.
No, 1.|No. 3.| No. 5.| No. 7.
‘Seconds.|Seconds. Seconds. [Seconds 8
95| 89| 45| 45
X921 361 " a3
61 56 34 31
65 6o | 30 30
15 0ona g |8 ES
90| 82 44| 44
tz1 | 113 63 6o
188 | 170 03 9o
360 | 364 | 226 |.215
1128 | 1057 | -608 | 586
34-91‘! 321-?? I?.!I." I?D"
In ftewed ;
Apples 335" In Water 172

|
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Time the Heat was palling
ouT oF the Thermometer,

Through Through
ftewed Apples. Water.

Exp. | Exp. | Exp. | Exp.
No. z.| No. 4. | No. 6. | No. 8.

Seconds, |Seconds. |Seconds. [Seconds,

In cnnling the Thermometer
from the temperatureof 200° 8o T4 46 37
to that of < 180°

from 180° to 160° 75 72 42 37
160° to 140° 84 83 43 43
120° 107 101 54 51

100 141 | 136 73 "
80| 198 | 190 | 15z | 10§
6o® 321 307 | 200 | zo4
40% | 775 | 733 | 483 | 461

Total time in cooling from .
s -
200° to 40° } 191 | XOgG I FTasE Rt

Times employed in cooling the
inftrument 8o degrees, viz. 5307 | 5107 | 282" | 272
from 160° to 8¢° ¢ :
Mean time in cooling it fmm} In ftewed

”

160" to 80° Apples 5207 In Water 277"

As the heating or cooling of the inftrument goes
on very flowly when it approaches to the tempera-
ture of the medium in which it is placed, while,
on the other hand, this procefs 1s very rapid when,
the temperature of the inftrument being very dif-
ferent from that of the medium, it is firft plunged
into it, both thefe circumitances confpire to render
the obfervations made at the extremities of the
fcale of the thermometer more fubjet to error,
dnd confequently lefs fatisfactory than thofe made
nearer the middle of it: In order that the general

conclufions
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conclufions drawn from the refult of the Experi-
ments might not be vitiated by the effeéts produced
by thefe unavoidable inaccuracies, inftead of efti-
mating the celerity of the paffage of the Heat by the
times elapfed in heating and cooling the thermome-
ter through the whole length of its feale, or between
the point of freezing to that of boiling water, I
have taken the times elapfed in heating and cooling
it 8o degrees in the middle of the fcale, viz. between
80° and 160°% as the meafure of the conduéting
powers of the fubftances through which the Heat
was made to pals.

I have, however, noted the times which elapfled
in heating and cooling the inftrument through a
much Jarger interval, namely, through an interval
of 168 degrees in heating,—or from 32° to 200°,—
and in ceoling through 160 degrees, or from 200°
to 40°.

In refpe to the cooling of the inftrument, it is
neceflary that I fhould inform my reader, that
though I have not in the Tables of the Experiments
mentioned any higher temperature than that of 200°,
yet the inftrument was always heated to the point
of boiling water, which, under the preflure of the
atmofphere at Munich, where the Experiments
were made, was commonly abgut 209! deg, of Fah-
renheit’s fcale. The inftrument being kept in boil-
ing water till its thermometer appeared to be quite
{tationary, was then taken out of the water, and
inftantly plunged into melting ice, and the time was
obferved and carefully noted down when the liquid

Q3 in
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in its thermometer pafled the divifion of its fcale
which indicated 200°, as alfo when it arrived at the
other divifions indicated in the Tables.

With regard to the four laft mentioned Experi-
ments, (No. 2, 4, 6, and 8,) it will be found on
examination that their refults correfpond very ex-
altly with thofe before defcribed; and they cer-
tainly prove in a very decifive manner this impor-
tant fatt :—zhat a fmall proportion of certain fubs
Stances, on being mixed with water, tend very power=
Jully to impair the conducling power of that Fluid in
regard to Heat.

In the Experiments No. 1 and No. 2, whlch
were both made on the fame day, and in the order
in which they are numbered, the Heat was con-
fiderably more obftrutted in its paffage through
the mafs of ftewed Apples which furrounded the
thermometer than in the Experiments No. 3 and
No. 4, which were made on the following day. It
1s probable that this was occafioned by fome change
in the confiftency of this foft mafs of the ftewed
Apples which had taken place while the inftrument
was left to repofe in the interval between the Expe-
riments : but, inftead of ftopping to thow how
this might be explained, I fhall proceed to give an
account of fome Experiments from the refults of
which we fhall derive information that will be
much more fatisfattory than any Ipeculations I
could offer on that fubjett.

Suppofing Heat to be pmpagatﬂd in water in the

fame manner as it is propagated in air and other
elaftic
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elaftic Fluids, namely, that it is fran/fported by its
particles, thefe particles being put in motion by the
change which is produced in their fpecific gravity,
by the change of temperature, and that there is
no communication whatever, or inferchange of their
Heat, among the particles of the fame Iluid,~ in that
cafe, it is evident that the Propagation of Heat in a
Fluid may be obftrutted in two ways, namely, by
diminithing its Fluidity, (which may be done by dif-
folving in it any mucilaginous [ubftance,) or; more
fimply, by merely embarrafling and obftructing the
motion' of its particles in the operation of tranf-
-porting the Heat, which may be effetted by
mixing with the Fluid any folid fubftance,—(it
muft be a non-conductor of Heat however,)—in
imall maffes, or which has a very large furface in
proportion to its folidity. |

In the foregoing Experiments with fZewed Apples,
the paflage of the Heat in the water, (which confti-
tuted by far the greateft part of the mafs,) was
doubtlefs obftrutted in both thefe ways. The
mucilaginous parts of the Apples diminifhed very
much the fluidity of the water, at the fame time
that the fibrous parts ferved to embarrals its inter-
nal motions.

In order to difcover the comparative effets of
thefe two caufes, it was neceffary to feparate them;
or to contrive Experiments, in which only one of
them fhould be permitted to. aft at the fame
time. This I endeavoured to do in the following
manner,

Q4 To
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To afcertain the effefts produced by diminifhing
the fuidity of water, I miked with it a fmall
quantity of /farch, namely, 192 grains in weight to
22%6 grains of water;—and to determine the
effeéts produced by merely embarraffing the water
in its motions, I mixed with it an equal proportion
(by weight) of Eiperpown. The ftarch was
boiled with the water with which it was mixed ;
as was alfo the eiderdown. This laft-mentioned
{ubftance was boiled in the water, in order to free
it from air, which, as is well known, adheres to
it with great obftinacy. '

In order that thefe Experiments might, with
greater facility, be compared with thofe which
were made with_fewed Apples, and with pure Water,

1 fhall place their refults all together, in the follow-
ing Tables.
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‘Time the Heat was in palling 1x10 the
Thermometer,
Through
Throogh iroug
a Mixturg of 2 Mixture of Th I £ :
2276 grains 2276 grains rough | Throug
of Water, | of Water, | STEWED pure
and 192 gr’s. and 192 grs.| APPLES. WATER.
of STaARCH. of IR
i DOWHN.
Experiment| Experiment |L.can of twoMean of twoj
ﬁﬂ I‘Fﬂ It Exp. Exp.
.9» " - NQI&HQS-NQ‘E&NQT.
§ heating th Seconds. Seconds. Seconds. Seconds.
n neatm e
. Thi:rmﬂ%‘ltter } 101 83 o5 o
ﬁin:_nmisz“tm}::& ;
trom 40° to 60° 72 &5 "1 o
'ﬁﬂ"" to Sﬂz 64 49 SS% ; gz*
T 63 52 62% 30
120:1 4 57 69% 36%
Lece L] 67 86 2
lgon 11§ 93 117 611
180° 178 133 199 gt
#e 453 360 362 220%
Total times
in heating the )
inftrumt from 1109 049 10963 597
32° to zo0°
Times employ-
ed in heating
the Thermo- : e : .
meter 8o de- _3‘!“1 209 335 172
grees,viz. from
R to 36e° :
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€34
‘T'ime the Heat was in pafling ouT oF the
i ~ Thermometer,
Through | Through
a Mixture a Mixture of
of 2276 12276 grains | Through | Through
grains of | of Water, | sTEWED pure
[(Water, & and 19z grs.| Arrrrs. | WaTER,
192grs.of| of Eipke-
STARCH.| DOWN.
Exp. v/ |[Experiient Mfan_ef two, Mean of two
No. 10. | No. 12 S i
* |N®2 & N°4:' N°6 & N°8.
fo ol the Seconds. Seconds. Seconds. Seconds. :
Thermometer ‘
from 200° to 69 68 il 41z
1582
from 180 to 160° 66 61 ; '
5 3 73z 39z
foertoitaga il 72 831 43
> 92 ot 104 52z
Faos 119 120 1382 73
gﬂn 173 177 194 108 %
9 283 270 314 202
ouly 672 673 754 472
Total times in }
ﬂl’.‘lﬂliﬂg‘ from 1548 1 1 19 ., 1
2b 0 4o 54 54 749z L3S
"T'imes employ -
ed in cooling
themftrument & ” o
8o degrees, 463 460 520 277"
viz.from 160°
to 8a° -

As the refults of thefe Experiments prove, in the 3
moft decifive manner, that the Propagation of Heat
in water is retarded, not only by thofe things which
diminith its fluidity, but alfo by thofe which, by me-
chanical means, and without forming any combination
with it whatever, merely obftruét its internal motions ;

it appears to me, that this proves, almoft to a
5 demons
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demontftration, that Heat is propagated in water in
confequence of its internal motions ;—or that it is
tranfported or carried by the particles of that
liquid, and that it does not fpread and expand in it
as has generally been imagined.

I have fhewn in another place, and I believe 1
may venture to fay I have proved ¥, that Heat is
actually propagated in air, in the fame manner I here
fuppole it to be propagated in water; and if the
condutting powers of both thefe fluids are found
to be impaired by the fame means, it affords very
{trong grounds to conclude that they both conduét
Heat in the fame manner : but this has been fnund
to be actually the cafe.

Efcff?‘-(fﬂib??, which cannot affe& the {pecifical
qualities of either of thofe fluids, and which cer-
tainly does no more when mixed with them, than
merely to obftruét and embarrafs their internal
motions, has been found to retard very much
the Propagation of Heat in both of them : on com-
paring thefe Experiments with thofe I formerly
made on the condutting power of air, it will even
be found, that the condutting power of water is
nearly, if not quite, as much impaired by a mix-
ture of eider-dowwn as that of air.

In the courfe of my Experiments on the various
fubftances ufed in forming artificial clothing for
confining Heat, I found that the thicknels of a
ftratum of air, which ferved as a barrier to Heat,
remaining the fame, the paffage of Heat thmugh
it was fometimes rendered more difficult by ine

#* See Philofophical Tranfaftions, 1792,

4 creafing
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creafing the quantity of the light fubftance which
was mixed with it to obftruét its internal motion.

To fee if fimilar effeéts would be produced by
the fame means when Heat is made to pafs through
water, I repeated the Experiments with eider-down,
reducing the quantity of it mixed with the water to
48 grains, or one quarter of the quantity ufed in
the Experiments No, 11 and No. 12.

The refults of thefe Experiments, and a com-
parifon of them with thofe before mentioned, may
be feen in the following Tables :

‘Time the Heat was in paffing
inTo the Thermometer,
“Through | Through
e | g

- E #
of its bulk |# of its bulk! (P™¢
of Eiper- | of Eipgr- g

DOWN. DOWH.

| b
: : iMean of two
Experiment | Experiment ""p "

No. 13. | No. 11. NQESENQT*

Yo edtie the T Seconds. Seconds. Seconds.

In heating 1er-
:1;:::1;:5& from 32° 51 83 45

from 40 to 6o® 1

47 55 35%

Botto Bl Va0 49 323

el 40 52 30

By 45 57 36%

i 56 67 44

IDONL aina 93 614

IH‘}“ 118 133 g1y

2Rt 293 360 220%

Total times in heatin
from 32° to mo"g 768 D5 0 597
"Times employed in
heating the inftru-
ment 8o degrees, or 21§
from 80° to 160°

f 269" 172
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Time the Heat was pailing ouT oF
the Thermometer,
Thruugh Through
Water with |Water with Throush
48 grs. or 5192 grs. or mtg
of its bulk | of itsbulk .ﬁf gl
of Eiper- | of Eiper- e
DOWN. DOWN.
Experiment |[Experiment Mtaﬁl;;ftwu
No. 14. No. 12. N° 6 & N9 8.
5 ds. 5 d 5 ds.
In cooling the Ther- - g e T [
mometer from 200° 49 68 AT
to 180"
from 180° to 160° 50 61 30+
160° to 140° 56 72 43
: 11-::: 70 o1 g2%
1co 96 120 73
31:}: 151 177 1081
6o 262 279 202
40° 661 73 472
Total times in cooling
from 200° to 40° 1395 1541 1033
Times employed in
cooling the inftru- o - o
ment8odegrees, viz. 373 460 Ll
from 160° to 8c°

The refults of thefe Experiments are extremely
interefting. They not only make us acquainted
with a new and very curious falt,—namely, that
feathers, and other like fubftances, which, in air,
are known to form very warm covering for con-
fining Heat, not only ferve the fame purpofe in
water, but that their effefts in preventing the
paflage of Heat is even greater in water than

In air.
5

This
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This difcovery, if I do not deceive myfelf,
throws a very broad light over fome of the moft
interefting parts of the economy of Nature, and
gives us much fatisfattory information refpetting
the final caules of many phznomena whieh have
hitherto been little underftood.

As liguid water is the vehicle of Heat and
nourifhment, and confequently of life, in every
living thing ; and as water, left to itfelf, freezes
with a degree of cold much lefs than that which
frequently prevails in cold climates, it is agreeable
to the ideas we have of the wifdom of the Creator
of the world, to expeét that effeCtual meafures
would be taken to preferve a fufficient quantity of
that liquid in its fluid {tate, to maintain life during
the cold feafon: and this we find has actually been
done; for both plants and animals are found to
furvive the longelt and more fevere winters;
but the means which have been employed to pro-
duce this miraculous effet have not been invefti-
gated ;—at lealt not, in as far as they relate to
vegetables.

But as animal and vegetable bodies are effentially
different in many relpects, it is very natural to
fuppofe, that the means would be different which
are employed to preferve them againft the fatal
effetts which would be produced in each by the
congelation of their fluids.

Among organized bodies, which live on the
furface of the earth, and which of courfe are ex-
pofed to the viciffitudes of the feafons, we find

that as the proportion of fluids to folids is greater,
- the
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the greater is the Heat which is required for the
fupport of life and health ; and the lefs are they
able to endure any confiderable change of their
temperature.

The proportion of Fluids to Sclids is much
greater in animals than in vegetables ; and in order
to preferve in them the great quantity of Heat
which is neceflary to the prefervation of life, they
are furnifhed with lungs, and are warmed by a
procefs fimilar to that by which Heat is generated
in the combuftion of inflammable bodies.

Among wegetables, thole which are the moft
fucculent are annual. Not being furnifhed with
lungs to keep the great mafs of liquids warm,
which fill their large and flender veflels, they live
only while the genial influence of the fun warms
them, and animates their feeble powers ; and they
droop and die as foon as they are deprived of his
fupport.

There are many tender plants to be found in cold
countries, which die in the autumn, the roots of
which remain alive during the winter, and fend off
frefh fhoots in the enfuing fpring. In thefe we
fhall conftantly find the roots more compaét and
denfe than the ftalk, or with fmaller veffels, and a
{maller proportion of Fluids.

Among the trees of the foreft, we fhall con-
ftantly find, that thofe which contain a ‘great
proportion of thin watery liquids, not only fhed
their leaves every autumn, but are fometimes
frozen, and atually killed, in fevere frofts,
Many thoufands of the largeft walnut-trees were

killed
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killed by the froft in the Palatinate, during the very
cold winter in the year 1788; and it is well
known that few, if any, of the deciduous plants of
our temperate climate would be able to fupport the
exceffive cold of the frigid zone.

The trees which grow in thofe inhofpitable
climates, and which brave the colds of the feverelt
winters, contain very little watery liquids. The
fap which circulates in their veflels 1s thick and
vifcous, and can hardly be faid to be fluid. Is there
not the ftrongeft reafon to think, that this was fo
contrived for the exprefs purpofe of preventing their
being deprived of all their Heat, and killed by the
cold during the winter?

We have feen by the foregoing Experiments,
how much the Propagation of Heat in a liquid is
retarded by diminithing its fluidity; and who
knows but this may continue to be the cafe,
as long as any degree of fluidity remains ?

As the bodies and branches of trees are not
covered in winter by the fnow which proteéts
their roots from the cold atmofphere, it is evident
that extraordinary meafures were neceflary to pre-
vent their being frozen. The bark of all fuch trees
as are defigned by nature to fupport great degrees
of cold, forms a very warm covering; but this
precaution alone would certainly not have been
fufficient for their protection. The fap, in all trees
which are capable of fupporting a long continuance
of froft, grows thick and vifcous on the approach
the winter. 'What more important purpofe could
this change anfwer, than that here indicated i—

And
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And it would be more than folly to pretend that it
anfwers no ufeful purpofe at all.
. We have feen, by the refults of the foregoing
Experiments, how much the fimple embarraffiment
of liquids in their internal motions tends to retard
the Propagation of Heat in them, and confequently
its paffage out of them ;—and when we confider
the extreme fmallnefs of the veffels in which the
fap moves in vegetables, and particularly in large
trees ;—when we recolleét that the fubftance of
which thefe fmall tubes are formed, is one of the
beft non-conductors of Heat known * ;~—and when
we advert to the additional embarraflments to the
paffage of the Heat, which arife from the increafed-
vifcofity of the fap in winter, and to the almoft
impenetrable covering for confining Heat, which is
formed by the bark, we fhall no longer be at a lofs
to account for the prefervation of trees during the
winter, notwithftanding the long continuation of
_the hard frofts to which they are annually expofed.

* 1 lately, by accident, had occafion to ubferve a very ftriking proof of the
extreme difficulty with which Heat paffes in wood. Eeing prefent ar the
foundery at Munich, when cannons were cafting, [ obferved thar the
founder ufed a wooden inftrument for ftirring the melted metal. It was a
piecc of ocak plank, gresn, or unfcafoned, about ten inches fquare and
two inches thick, with a long wooden handle, which was fitted into a hole
in the middle of it. As this inftrument was frequently uled, and fometimes
remained a confiderable tims in the furnace, in which the Heat was moit
intenfe, I was furprized to find that it was not confumed ; but I .was fhill
more furprifed, on examining the part of the plank which had been
ammeried in the melred metal, to find that the Hear had penetrated it to fo
inconfiderable a depth, that, at the diftance of one-twentieth of an inch
below its furface, the wood did not feem to have been in the leait affelted
by it. The colour of the wood remained unchanged, and it did not appear
to have luft even its moifture.

¥OL.. Ll R, On
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On the fame principles we may, I think, ac-
count, in a fatisfactory manner, for the prefervation
of feveral kinds of fruit,—f{uch as apples and pears
for inftance,—which are known to fupport, without
freezing, a degree of cold, which would foon
reduce an equal volume of pure water to a folid
mafs of ice.

At the fame time that the compaéct fkin of the
fruit effeGtually prevents the evaporation of its fluid
parts, which, as 1s well known, could not take
place witlout occafioning a very great lofs of Heat,
the internal motions of thofe fluids are fo much
obftruted by the thin partitions of the innumerable
fmall cells in which they are confined, that the
communication of their Heat to the air ought, ac-
cording to our hypothefis, to be extremely flow
and difficult.  Thele fruits do, however, freeze at
Jaft, when the cold is very intenfe ; but it muft be
remembered, that they are compofed almoift en-
tirely of liquids, and of fuch liquids as do not grow
vifcous with cold; and moreover, that they were
evidently not defigned to fupport, for a long time,
very fevere frolts.

Parfnips and carrots, and feveral other kinds of
roots, fupport cold without freezing, ftill longer
than apples and pears, but thefe are lefs watery,
and I believe the veflels in which their fluids are
contained, are fmaller; and both thefe circum-
{tances ought, according to our affumed principles,
to render the paffage of their Heat out of them
more difficult, and confequenily to retard their
congelation.

But
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But there is ftill another circumitance, and a
very remarkable one indeed, which, if our conjec-
tures refpeting the manner in which Heat is
propagated in liquids be true, muft act a moft im-
portant part in the prefervation of Heat, and con-
fequently ‘of animal and vegetable life; in cold
climates. But as the probability of all thefe
deductions muft depend, very much, on the evi-
dence which is brought to prove the great funda-
mental faé on which they are eftablifhed ;—that
refpecting the internal motions among the particles
of liquids, which neceffarily take place when they
are heated or cooled ;—before I proceed any
farther in thefe fpeculations, I fhall endeavour to
throw fome more light on that curious and interefts
ing fubject.
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Farther Inveftigations of the internal Motions among
the Particles of Liguids, which neceffarily take
place when they are heated or cooled.—Defeription
of a mechanical Contrivance, by which thefe Mo-
tions in Watcr were rendered wifible.—~—An Account
of warious amufing Experiments, which were
made with this new-invented Inftrument.~T hey
lead to an important Difcovery—Heat cannot be
propagated DOWNWARDS in Ligquids, as long as
they continue to be condenfed by Cold—Ice found,
by Experiment, to melt more than eighty times
Nower, when boiling hot Water f2ood on its Surface,
than when the Ice was fuffered to [fwim on the
Surface of the hot Water.—The melting of Ice by
Water flanding on its Surface can be accounted for,
even on the Suppofition that Water is a perfed?
Non-conductor of Heat.—According to the affumed
Hypothefis, Water only eight Degrees of Fabren-
eif’s Scale above the freezing Point, or at the
Temperature of 40°, ought to melt as much Ice,
in any given Time, when flanding on its Surface,
as an equal Volume of that Fluid, at any bigher
Temperature, even were it boiling hot.—This
remarkable Falt is proved by a great Variety of
decifive Experiments.—Water at the Temperature
of 41° is found to melt even MORE Ice, when fland-
ing on its Surface, than boiling-hot Water.—The
Refults
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Refults of all thefe Experiments tend to prove that
Water is, in facl, a perfedt Non-conducior of Heat ;
or that Heat is propagated in it, merely in confee
quence of the Motions it occafions among the
infulated or folitary Particles of that Fluid, which,
among themfelves, have no Communication or Inter-
courfe whatever in this Operation.- The Difcovery
of this Facl opens to our View one of the grandeft
and mof intergfting Scenes in the Economy of
Nature.

AE the particles of water, as alfo of all other

Fluids, are infinitely too fmall to be feen by
human eyes, their motions muft of courfe be im-
perceptible by us; but we are frequently enabled
to judge, with the utmoft certainty, of the motions
of invifible Fluids, by the motions they occafion in
vifible bodies. Air is an invifible Fluid, but we
acquire very juft notions of the motions in air, by
the duft, and other light bodies which are carried
along with it in its motions. Nobody who has
ever feen a whirlwind {weep over the {urface of a
ploughed field in dry weather, can have any doubt
refpeting the nature of the motions, into which
the air is thrown on thofe occafions ; notwithftand-
ing that they are extremely complicated, and
would be very difficult to deferibe.

It was by the motions of the very fine particles
of duft, which by accident had been mixed with
the fpirits of wine in my large thermometer, and
which, when ftrongly illuminated by the direct
beams of the fun, became vifible, that I firlt dif-

R 3 covered
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covered the internal motions in that Fluid, which
take place when it is cooling ; and, availing myfelf
of this kind hint, I contrived to render the internal
motions of water equally vifible. This, I immedi-
ately faw, could be done with the utmolt facility,
if I could but find any folid body of the fame
{pecific gravity as water, which would be proper to
mix with it ;—that is to fay, that would not be
“liable to be diflolved by it, or to be reduced to fuch
{mall particles as to become itfelf invifible; but
fuch a fubftance was not to be found. On reflec-
tion it occurred to me, that it is very fortunate that
fuch fubftances do not abound; for otherwife we
fhould find great difficulty in procuring water in a
pure ftate.

Not being able to find any folid fubftance fit for
my purpofe, of the fame fpecific gravity as pure wa-
ter, [ was obliged to have recourfe to the follow-
ing ftratagem.

Looking over the tables of fpecific gravities, I
found that the fpecific gravity of tranfparent yellow
amber was but a little greater than that of water,
being 1.078, while that of water is 1.000; and it
occurred to me, that by diffolving a certain quan-
tity of pure alkaline falt, I might augment its
fpecific gravity, or rather bring the fpecific gravity
of the folution to be precifely equal to that of the
amber, without impairing the tranfparency of the
liquid, or changing any of its properties, by which
the manner of its receiving and tran{porting Heat
could be fenfibly affected. L8

This
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This contrivance was put in execution in the
following manner, with complete fuccels. Having
provided mylelf with a number of glafs globes of
various fizes, with long cylindrical necks, I chofe
one which was about two inches in diameter, with
a cylindrical neck % of an inch in diameter, and
twelve inches long ; and putting into it about
half a tea-fpoonful of yellow amber, in the form
of a coarfe powder, (the picces, which were irre-
gular in their forms, and tranfparent, being about
the fize of multard-feeds,) poured about it a
certain quantity of diftilled water, which was at the
temperature of the air in my room,—(about 60°F.)

Finding, as I expeted, that the amber remained
at the bottom of the globe, I now added to the
water as much of a faturated folution of pure vege-
table alkali, as was fufficient to increale the {pecific
gravity of the water, (or rather of the diluted
faline folution,) till the pieces of amber began to
float, and remained apparently motionlefs, in any
part of the liquid where they happened to reft,

As the glafs body was not yet as full as I wifhed,
I continued to add more of the alkaline folution,
and of water, in due proportions, till the globe was
full ; and alfo till its cylindrical tube was filled ta
within about three inches of its end ; and then
clofed it well with a clean cork.

Having fhaken the contents of this glafs body
well together, I placed it, with its cylindrical tube
in a vertical pofition, on a wooden {tand, and left
it to repofe in quiet, in order to fee how long the
folid particles of amber—(which appeared to be very

R 4 equally
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equally difperfed about in the whole mafs of the
liquid)—would remain fufpended:

‘Though the greater number of thefe particles
feemed at firft to have no tendency either to afcend
or to defcend, yet fome of them foon began to move
very flowly upwards, and others to move as flowly
downwards ; and as thefe particles were moving at
the fame time promifcuoufly in all parts of the fame
liquid, and even in the fame part of it in both di-
reftions at the fame time, the afcending and de-
{cending particles frequently pafling each other fo
near as to touch, I faw that thefe motions were in-
dependent of any internal motion of the liquid, and
arofe merely from the difference of the fpecific gra-
vity of the different fmall pieces of the amber, and of
that of the liquid. Some of the pieces of amber
being evidently heavier than the liquid, moved
downward, while other which were lighter, al-
cended to its {urface. -

Finding that there was fo much difference in the
{pecific gravities of the different pieces of amber,
I now added more of this fubflance to the liquid,
and fuffering it to fubfide after I had fhaken it well
together, I gently poured off what had rifen to the
top of the liquid, and retaining only that which had
fettled at the bottom of it, I increafed the {pecific
gravity of the liquid by adding a little of the alka.
line {olution, till the fmall pieces of amber which
remained in the glafs were jult buoyed up and fuf-
pended in the ditferent parts of the Fluid, where
they feemed to have taken their permanent {ta.
tions,

I had
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I had now an inftrument which appeared to me
to be well calculated for the very interefting Ex-
periments I had projetted, and it will eafily be
imagined that I loft no time in making ufe of
1t.

The firft Experiment I made with this inftru.
ment was to plunge it into a tall glafs jar, nearly
filled with water almoft boiling hot. The refult
was jult what I expefted. Two currents, in op-
pofite directions, began at the fame inftant to move
with great celerity in the liquid in the cylindrical
tube, the alcending current occupying the fides of
the tube, while that which moved downwards oc-
cupied its axis. :

As the faline liquor grew warm, the velocity of
thefe currents gradually diminifhed ; and at length,
when the liquor had acquired the temperature of
the furrounding water in the jar, thefe motions
ceafed entirely.

On taking the glafs body out of the hot water,
the internal motions of the liquor recommenced ;
- but the currents had changed their direfions,
that which occupied the axis of the tube being now
the afcending current.

When the cylindrical tube, inftead of being held
in a vertical pofition, was inclined a little, the af-
cending current occupied that fide of it which hap.
pened to be uppermoft, while the under fide of it
was occupied by the current which moved (with
equal velocity) downwards.

When the contents of the glafs body had ac-
quired the temperature of the air of the room,

thele
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thefe motions ceafed, but they immediately re-
commenced on expofing the inftrument to any
change of temperature.

In all cafes where the inftrument rfmrwd Heat,
the current in the axis of its cylindrical tube, when
it was placed in a vertical pofition, (and that which
occupied its upper fide when it was inclined,)
moved downwards.—When it parted with Heat its
motion was in an oppofite direction, that is to fay,
upwards.

A change of temperature amounting only to a
few degrees of Fahrenheit’s fcale, was fufficient to
fet the contents of the inftrument in motion ; and
the motion was more or lefs rapid as the velocity
was greater or lefs with which it acquired or parted
with Heat, and the motion was moit rapid in thofe
parts of the inftrument where the communication
was not rapid.

A partial motion might at any time be produced
in any part of the inftrument by applying to that
part of it any body either hotter or colder than the
inftrument. If the body fo applied were hotter
than the inftrument, the motion of the faline liquor
in it in that part of it immediately in contact with
the hot body, was upwards,—if colder, downwards;
and whenever a hot or cold body produced a cur-
rent upwards or downwards, this current immedi-
ately produced another in fome other part of the
liquid which flowed in an oppofite direction.

On inclining the cylindrical tube of the inftru-
ment an angle of about 45 degrees with the plane of
the horizon, and holding the middle of it over the
: flame
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flame of a candle, at the diftance of three or four
inches above the point of the flame; the motion
of the Fluid in the upper part of the tube became
exceflively rapid, while that in the lower end of it
where it was united to the globe, as well as that
in the globe itfelf, remained almoft perfectly at
relt.

I even found that I could make the Fluid in the
upper part of the tube awally boil, without that
in the lower part of it appearing to the hand to be
fenfibly warmed. But when the flame was direct-
ed againit the lower part of the tube, all the upper
parts of it in contact with the liquid, and efpecially
that fide of it which was uppermoft as it lay in an -
inclined pofition, where the afcending current was
moft rapid, where it impinged againft the glafs,
were very foon heated very hot.

The motions in oppofite dire€tions, in the liquid
in the tube, were exceedingly rapid on this fudden
application of a ftrong Heat, and afforded a very
entertaining fight :—but to a {cientific obferver they
were much more than amufing. They detected
Nature, as it were, in the very act, in one of her
moft hidden operations, and rendered motions vi-
fible in the midft of an invifible medium which
never had been feen before, and which moft pro-
bably had never been fufpected. °

Encouraged by this fuccefs, and confirmed in
my opinions refpecting the interefting faét I had
undertaken to inveftigate, I now proceceded with
confidence to {till more dire&t and decifive Expe-
riments,

It
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It is an opinion which, I believe, is generally
received among philofophers, that water cannot
be heated in contact with ice: reflecting on the
fubjeét, I immediately perceived that either this
muft be a miftake, or all my ideas refpeting the
manner in which Heat is propagated in that Fluid
mult be erroneous. I faw that as long as the ice
floats at the furface of water which is attempted to
be warmed over a fire, (or in any other way,) the
ice-cold water which refults from the meltng of
the ice, muft, according to my own hypothefis,
defcend, and fpreading over the bottom of the con-
taining veflel, and, before it has time to be much
heated, being in its turn forced to give place to
the ice-cold water which, as long as any ice re-
mains, continues to defcend in an uninterrupted
{tream as long as this operation is going on, the
mafs of the water cannot be much heated ; but on
the fuppefition that water is not a conduétor of
Heat, according to the common acceptation of that
term, or that Heat cannot pafs in that Fluid except
when it is carried by its particles, which, being put
in motion by the change it occafions in their fpe-
cific gravity, franfports it from place to place, it
.does not appear how ice, if inftead of being per-
mitted to fwim on water, were confined at the
bottom of it, or at any given diftance below its fur-
face, could in any way affet the temperature of the
fuperincumbent water, or prevent its receiving
Heat from other beodies.

Were water a conduétor of Heat, there is no

doubt but that the influence of the prefence of the
ice
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ice would be propagated in the water in all direc-
tions. :

The metals are all conductors of Heat, and
Profeflor PizTeT found by an ingenious and de-
cifive Experiment *, that in a bar of copper 33
inches in length, placed in a vertical pofition, Heat
pafled downwards as well as upwards, and nearly
with the fame facility in both thefe directions ; and
if it can be thown that Heat cannot defcend in water,
that alone will, I imagine, be thought quite fufficient
to prove that water is not a conduétor of Heat.

When we meditate profoundly on the nature
of Fluidity, it feems to me that we can perceive
fome faint lights which might lead us to fufpeét -
that the caufe, and I may fay the very effence of
Suidity, 1s that property which the particles of
bodies acquire when they become fluid, by which
all farther interchange or communication of Heat
among them is prevented. DBut however this may
be, the refult of the following Experiments will
certainly be confidered as affording indifputable
evidence of one important fact refpeéting the man-
ner in which Heat is propagated in water.

Experiment, No. 13.

Into a cylindrical glafs jar 4.7 inches in- diame-
ter, and 14 inches high, I fitted a circular cake of
ice nearly as large as the internal diameter of the
jar,and g% inches thick, weighing 10} oz.

* Effuis de Phyfique, tome 1, Genéve 1790,

This
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“This cake of ice being ready, I now poured into

the jar 6 Ib. 1} oz. Troy, of boiling-hot water,
and putting the ice gently into it, I found that it
was entirely melted in 2 minutes and 58 feconds.

Having found by this Experiment how long the
ice was in melting at the {urface of the hot water,
I now endeavoured to find out whether it would
not require a longer time to melt at the bottom
of the water.

Experiment, No. 16.

Into the fame jar which was ufed in the fore-

going Experiment, I now put a cake of ice of the
{ame form and dimenfions as that above defcribed,
but inftead of letting it iwim at the furface of the
hot water, I faltened it down on the bottom of the
jar, and poured the water upon it.
_ This cake of ice was faltened down in the jar
by means of two flender and elaftic pieces of deal
about ¥+ of an inch thick, and % of an inch wide,
which being a trifle longer than the internal dia-
meter of the jar, were of courfe a little bent when
they were infroduced into it in an horizontal po-
fition, and on being put dowh upon the ice, at
right angles to each other, ferved to confine the
ice, and prevent its rifing up to the furface when
the water was put into the jar upon it.

To protet the ice while the boiling-hot water

was pouring into the jar, its furface was covered

with a circular piece of ftrong writing paper, which

was afterwards removed as gently as poffible by
means

L
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means of a ftring which was faltened to one fide
of it; and to prevent the glafs jar from being
cracked by the fudden application of the boiling-hot
water, I began by pouring a fmall quantity of cold
water into the jar,—juft enough to fill up the in-
terftices between the ice and the glafs, and to
cover the ice to the height of about % of an inch ;
and in pouring the hot water into the jar, out of
a large tea-kettle in which it had been boiled, I
took care to direct the ftream againft the middle
of the circular piece of paper which covered the
ice.

The jar with the ice and the hot water in it being
placed on a table near a window, I drew away as "
gently as poffible the paper which covered the fur-
face of the ice, and prepared myfelf to obferve at

my eafe the refult of this moft interefting Expe-
Timent.

A very few moments were fuflicient to fhow me
that my expectation with regard to it would not be
difappointed. In the former Experiment a fimilar
cake of ice had been entirely melted in lefs than
three minutes ; but in this, after morethan twice that
time had elapled, the ice did not fhow any apparent
figns of even beginning 1o melt. Its furface remained
fmooth and fhining, and the water immediately
in contact with it appeared to be perfectly. at reft,
though the internal motions of the hot water above
it, which was giving off its Heat to the fides of
the jar and to the air, were very rapid, as I could
diftinétly perceive by means of fome earthy particles

6 or
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or other impurities which this water happened to
contain.

I examined the ice with a very good lens, but
it was a long time before I could perceive any figns
of its melting. The edges of the cake remained
fharp, and the minute particles of duft, which by
degrees -were precipitated by the hot water as it
grew colder, remained motionlefs as foon as they
touched the furface of the ice.

As the hot water had been brought from the
kitchen in a tea-kettle, it was not quite boiling hot
when it was poured into the jar. After it had
been in the jar one minute, [ plunged a thermo-
meter into it, and found its temperature to be at
180°.

After 12 minutes had elapfed, its temperature at
the depth of one inch under the furface was 170°
At the depth of feven inches, or one inch above
the furface of the ice, it was at 169,%; whileat only
3 of an inch lower, or & above the furface of the
ice, its temperature was 40°.

When 20 minutes had elapfed, the Heat in the
water at different depths was found to be as follows:
Immediately above the furface of the ice 40°
At the diftance of £ an inch above it 46°

At 1 inch - - - 130°
At 3 inches - - - 159°
At 7 inches . - - 160°

When 35 minutes had elapfed, the Heat was as
follows :
At the furface of theice - -  40°
% an inch above it “ “ 76°

5 1 inch
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1 inch above it - - 110°
2 inches - - - 144°
Fmehe = » - - 148°
& inches - gt - 148%°
7 inches wh P02 e - 149°

At the end of one hour the Heat was as follows:
At the furface of the ice - Sia i o

1 inch aboveit = - - - 8o°
2 inches - - - 118°
3 inches - - - 128°
4 inches - - - I30°
7 inches . - - £31°

After t hour and 1§ minutes had elapfed, the
Heat was found to be as follows :
At the furface of the ice - m 40"

1 inch above it - - 82°
2 inches - - - 106°
3 inches - - 1272°

The Heat of the water had hitherto been taken
near the fide of the jar ;—in the two following
trials it was meafured in the middle or axis of the
ar.

: When 1 hour and 30 minutes (reckoning al-
ways from the time when the boiling-hot water
was 'pnured into the jar) had elapfed, the Heat of
the water in the middle of the jar was fﬂun& to be
as follows :

At the furface of theice - - 40°

1 inch above it - - 84°
2 inches - . - 115"
3 inches oot . S 116°
7 inches - - - i Gyl

-%0L. il 8 When
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When 2 hours had elapfed, the Heat in the middle:
of the jar was found to be as follows :
At the furface of theice - « 40°

- 1 inch abovye it - - 26°
2 inches - -l R 94°
3 inches - - - 1c6° -
4 inches - . - 108°
6 inches - . . 1081°
=7 inches . - . 1083°

An end being now put to the Experiment, the
hot water was poured off from the ice, and on
weighing that which remained, it was found that
5 oz, 6 grains Troy (=2406 grains) of ice had
been melted.

Taking the mean temperature of the water at
the end of the Experiment at 106° it appears
that the mafs of hot water (which weighed 73+
ounces) was cooled 78 degrees, or from the tem-
perature of 184° to that of 166° during the Ex-
periment. Now, as it is known that one ounce of
ice abforbs jult as much Heat in being changed to
water as one ounce of water lofes in being cooled
140 degrees, it is evident that one ounce of water
which is cooled 78 degrees, gwes off as much Heat
as would be fufficient to melt .2 of an ounce of
ice ; confequently the 73; ounces of hot water,
which in this Experiment were cooled 78 degrees,
atually gave off as much Heat as would have been
fufficient to have melted 73*78=40,% ounces uf
Ta o i b

But the quantity of ice a&uaﬂy melted was
nn}}r about 5 ounces; and hence it appears that

| i
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lefi than one-eighth part of the Heat loff by the water
was communicated to the ice ; the reft being carried
off by the air.

~ As the fame quantity of hot water was ufed in
this Experiment, and in that, No. 15, which im-
mediately preceded it, and as this water was con-
tained by the fame veffel,—(the glafs jar above
defcribed,)—it appears that ice melts more than
eighty times flower at the bottom of a mafs of boil-
ing-hot water, than when it is fuffered to fwim on
its furface: For, as in the Experiment No. 15,
104 0z. of ice were melted in 2 minutes and 58
{feconds, 5 ounces at lealt muft have been melted
in 1 minute and 29 feconds; but in the Ex-
periment No. 16, 2 hours or 120 minutes were
employed in melting 5 ounces.

The ice however was melted, though very flowly,
at the bottom of the hot water, and that circums
{tance alone would have been fufficient to have
overturned my hypothefis refpecting the manner
in which Heat 1s propagated in liquids; had I not
found means to account in a fatisfactory manner
for that fact, without being obliged to abandon my
former opinions.

In about half an hour after the hot water had
been poured into the jar, in the laft Experiment,
examining the furface of the ice I difcovered an
appearance which fixed my attention and excited
all my curiofity : I perceived that the ice had been
melted and diminifhed at its furface, excepting only
where it had been covered, ot as it were fhadped

52 by
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by the flat flips of deal by which the cake of ic#
was faltened down in its place. |

Had the ice been protetted and prevented from
being melted by that piece of the wood only, which,
being undermoft of the two, repofed immediately
on the furface of the ice, I fhould not perhaps have
been much furprifed ; but that part of the furface of
the ice being likewife proteted which was fituated
immediately under the other piece of wood,—that
which, lying acrofs the under piece, and refting on
it, did not touch the ice any where except jut at its
edge, that circumftance attracted my attention, and
I could at firlt fee no way of accounting for thefe
appearances but by fuppofing that the ice had been
melted by the calorific rays which had been emitted
by the hot water ; and that thofe parts of the ice
which had been /fhadowed by the pieces of deal
receiving none of thefe rays, had of courfe not
been melted.

I was fo much ftruck with thefe appearances,
that I immediately made the following Experi-
ments, with a view merely to the elucidation of this
matter.

Experiment, No. 17.

Into a cylindrical glafs jar, 63 inches in diame-
ter, and 8 inches high, I put a circular cake of ice,
as long as could be made to enter the jar, and
about 3L inches thick; and on the flat and even
furface of the ice I placed a circular plate of the
thinneft tin I could procure, near 6; inches in dia-

meter,
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meter, or fufficiently large jult to cover the ice.
This plate of tin (which, to preferve its form, or
keep it quite flat, was ftrengthened by a ftrong
wire, which went round it at its circumference)
had a circular hole in its centre, juft two inches in
diameter, and it was firmly fixed down on the
upper furface of the cake of ice, by means of feve-
ral thin wooden wedges which pafled between its
circumference and the fides of the jar.

A fecond circular plate of tin, with a circular
hole in its centre two inches in diameter, and in
all other refpects exaétly like that already defcribed,
was now placed over the firlt, and parallel to it, at
the diftance of juft one inch, and like the firft was
firmly fixed in its place by wooden wedges.

Thefe perforated circular plates being fixed in
their places, the jar was placed in a room where
Fahrenheit’s thermometer ftood at 34°; and ice-
cold water was poured into it till the water juft
covered the upper plate; and then the jar was
filled to within half an inch of its brim with boil-
ing water ; and being covered over with a board,
was fuffered to remain quite two hours. |

At the end of this time, the water, which was
ftill warm, was poured off, and the circular plate
being removed, the ice was examined.

A circular excavation, juft as large as the hole
in the tin plate which covered the ice, (namely two
inches in diameter,) and correfponding with it,—
perfectly well defined, and about % of an inch
deep in the centre, had been made in the ice.

5 3 This
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This was what I expefted to find; but theré
was fomething more, which I did not expeé&, and
which, for fome time, I was quite at a lofs to
account for. Every part of the furface of the ice
which had been covered by the tin plate, appeared
to be perfed, level, and fmooth, and fhowed no
figns of its having been melted or diminifhed, ex-
cepting only in one place, where a channel, about
an inch wide, and a little more than % of an inch
deep, which fhowed evident marks of having been
formed by a ftream of warm water, led from the
excavation juft mentioned, in the centre of the
upper part of the cake of ice, to its circumference.
As the edge, or vertical fide, of the cake of ice
was evidently worn away where this ftream pafled,
there could be no doubt with refpect to its direc-
tion. It certainly run sur of the circular excava-
tion in the middle of the ice; and though it might
at firlt appear difficult to explain the fact, and to
fhow how this hot water could arrive at that place,
yet it was quite evident that the immediate caufe
of the motion of this ftream of water could be no
other than its fpecific gravity being greater than
that of the reft of the water at the fame depth :
and that this greater fpecific gravity was at the
{ame time accompanied by a higher degree of Heat,
is evident from the deep channel which this ftream
had melted in the ice, while other parts of the
furface of the ice, at the fame level, were not
melted by the water which refted on it. To eluci-
date this gmnt, I made the follc:rwmg Experiment :

6 E#Pe’-
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Lxperiment, No. 18,

Thinking it probable, that if the circular exca-
vation in the ice, which anfwered to the circular
hole in the middle of the tin-plate which covered
the ice, and alfo to that in the fecond plate, which
was placed an inch higher, had been melted by
radiant Heat, (as it has improperly been culled,)
or by the calorific rays from the hot water; that,
in that cafe, as fome of thefe rays muft probably
have been refleCted downwards at the furface of
the water, in attempting to pafs upwards into the
air; I thought that by preventing this part of them
from reaching the ice, which I endeavoured to do
by caufing them to be abforbed by a light black
body, (a circular piece of deal board, covered over
with black filk,) which I caufed to fwim on the
furface of the water, their effeCts in melting the
ice might perhaps be fenfibly diminifhed. Had
this really been the cafe, it would certainly have
afforded ftrong grounds to fufpect that thefe rays .
were in fact the caule of the appearances in quefe
tion; but on making the Experiment with the
greatelt care, I could not perceive that the cover-
ing of the furface of the hot water with a black
body produced any difference whatever in the
refult of the Experiment as it was firfl inade,
(Experiment No. 17,) or when this black covering
was not ulfed.

After fome meditation on the fubjed, it oc-
curred to me that this melting of the ice at its

S 4 Upper
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upper furface could be accounted for, in a manner
which appeared to me to be perfectly fatisfactory ;
without fuppofing either that water is a conduétor
of Heat, or that the effect in queftion was produced
by calorific rays.

Though it is one of the moft general laws of na-
ture with which we are acquainted, that all bodies,
folids as well as fluids, are condenfed by cold;
yet, In regard to water, there appears to be a very

_remarkable exception to this law. Water, like
all other known bodies, is indeed condenfed by
cold at every degree of temperature which is con-
fiderably higher than that of freezing, but its
condenfation, on parting with Heat, does not go
on till it is changed to ice; but when in cooling its
temperature has reached to 40 degrees of Fahren-
heit’s fcale, or eight degrees above freezing, it
ceafes to be farther condenfed; and on being
cooled ftill farther, it aéfually expands, and con-
tinues to expand, as it goes on to lofe more of its

. Heat, till at laft it freezes; and at the moment
when it becomes folid, and even after it has be-
come folid, it expands {till more, on growing
colder. 'This fact, which is noticed by M. e Luc,

1n his excellent treatife on the modifications of the
atmofphere, has fince been farther inveftigated and
put beyond all doubt, by Sir CHARLES BLAGDEN.

See Philofophical Tranfaétions, vol. lxxviii.

Now, as water in contat with melting "ice is
always at the temperature of 32° it is evident that
water at that temperature muft be f{pecifically

lighter than water which is eight degrees warmer,
ar

-
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or at the temperature of 40°; confequently, if two
parcels of water at thefe two temperatures be
contained in the fame veffel, that which is the
coldeft and lighteft, muft neceflarily give place to
that which 1s warmer and heavier, and currents
of the warmer water will deftend in that which is
colder. |

In the two laft Experiments, as the circular tin-
plate which covered the lurface of the ice ferved
to confine the thin fheet of water which was be-
tween the plate and the ice, as this water could
not rife upwards, being hindered by the plate,
and as it had no tendency to defcend, it is pro-
bable that it remained in its place; and as it was
ice-cold, it was not capable of melting the ice on
which it repofed.

But as the tin-plate had a circular hole in its
centre, the furface of the ice in that part was of
courfe naked, and the ice-cold water in contalt
with it being difplaced by the warmer and heavier
water from above, an excavation, in the form of a
fhallow bafin, was formed in the ice by this de-
{cending warm current.

The warm water contained in this bafin over-
flowed its banks as foon as the bafin began to be
formed ; and iffuing out on that fide which hap-
pened to be the lowelt, opened itfelf a paffage
under the tin-plate to the edge of the ice, over
which it was precipitated, and fell down to the
bottom of the jar. The water of this rivulet being
warm, it foon formed for itfelf a deep channel ia
the ice ; and at the end of the Experiment it was

found
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found to be every where degper than the bottom of
the bafin where it took its rife. '

This manner of accounting for the appearances
in queftion, feemed to me to be quite fatisfactory ;
and the more I meditated on the fubject, the more
I was confirmed in my fulpicions that afl liguids
muft neceffarily be perfect non-conduclors of Heat.
~ On thefe principles I was now enabled to ac-
count for the melting of the ice at the bottom of
the hot water in the Experiment No. 16; as alfo
for the flownefls with which that procefls went on ;
—and encouraged by this fuccels, Inow proceeded
with confidence to plan and to execute {lill more de-
cifive Experiments ; from the refults of which, I
may venturé to fay it,—the important facts in quel-
tion have been put beyond all poflibility of doubt.

If water be in fat a perfe&t non-condullor of
Heat,—that is to fay, if there.be no communication
wwhatever of Heat between neighbouring particles
or moiécules of that fiuid, (which 1s what 1 fuppofe,)
then,—as Heat cannot be propagated in it but enly
in confequence of the motions occafioned in the
fluid by the changes in the fpecific gravity of thofe
particles which are occafioned by the changes of
their temperature, it follows that Heat cannot be
propagated downwards in water, as long as that
fluid continues to be condenfed with cold; and
that it is only in that direction, (downwards,) that it
can be propagated after the water has arrived at that
temperature, where it begins to be expanded by
cold ;—which has been found to be at about the
goth degree of Fahrenheit’s fcale.

' Realoning
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Reafoning on thefe principles, we are led to
this remarkable conclufion; namely, that warer
which is only eight degrees above the freezing point,
or at the temperature of 40°, muft be able to melt as
much ice in any given time, WHEN STANDING ON
ITS SURFACE, as an equal volume of water at any
bigher temperature, EVEN THOUGH IT WERE BOIL-
ING HOT.

My philofophical reader will doubtlefs think
that I muft have had no fmall degree of confidence
in the opinion I had formed on this interefting
fubject, to have had the courage to make, ever iz
private, the Experiments which were neceflary to
afcertain that fact.

Experiment, No. 19,

Into a cylindrical glafs jar, 4.7 inches in diame-
ter, and 1 3.8 inches high, I put 43.87 cubic inches,
or 11b. 115 oz. Troy, in weight, of water, and
placing the jar in a freezing mixture, compofed of
pounded ice and common fea-falt, I caufed the
water to freeze into one compact mafs ; which ad-
hered firmly to the bottom and fides of the jar,
and which formed a cylinder of ice juft three inches
high. -

Had the bottom of the jar been quite flat, inftead
of being raifed or vaulted, the cylinder of ice would
have been no more than 2.67 inches high.

As foon as the water in the jar was cumpletelf
frozen, the jar was removed from the freezing:
mixture, and placed in a mixture of pounded ice
and pure water, where it was fuffered to remain

four
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four hours, in order that the cake of ice in the
jar might be brought to the temperature of 32°

The jar ftill ftanding in a fhallow difh in the
pounded ice and water, the furface of which cold
mixture was jult on a level with the furface of the
ice in the jar, I covered the top of the cake of ice
with a circular piece of ftrong paper, and poured
gently into the jar 73: oz. Troy of boiling-hot
water, which filled to the height of eight inches
above the furface of the ice. (See Plate IL.)

I then removed very gently the circular piece
of paper which covered the furface of the ice, and
after leaving the hot water in contaé with the ice
a certain number of minutes, I poured it off, and
~—weighing immediately the jar, and the unmelted
ice which remained in it,—1I afcertained the quantity
of ice which had been melted by the hot water during
the time it had been fuffered to remain in the jar.

This Experiment I repeated four times the fame
day, (16th March 1797,) varying at each repe-
tition of it the time the water was permitted to
remain on the ice. The refults of thefe Experi-
ments were as follows

. Time the [Temperature|Temperature
hot wa- | of the hot| of the water :
Number of ; : . [Quantity }
ter re- | water when| 1 inch below :
the E:I:PQ' thed . AR Orf Ice
et maing 1t was pour-| 1ts lurface at Selted
s on the | ed on the | theendof the :
ice. ice. Experiment,
b | Minutes. Grains.
No. 19 i 186> Not obferved | 1632
" No. 20 g3 185° Not obferved | 1824
No. 21 LS I 170° 1757
No. 22 6o 186° 140° 2573

From
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From the refults of thefe Experiments, it was
plain that a very confiderable portion of the ice
which was melted, was melted in the very begin-
ning of the Experiments, or while the hot water
was actually powring into the jar; which operation
commonly lafted about one minute; and the irre-
gularities in the refults of the Experiments, and
particularly of the three firft, fhowed evidently
that the quantity of ice melted in that opera-
tion was different in different Experiments. I had
indeed forefeen that this would be the cafe; and
on that account it was that I covered the furface
of the ice with a circular piece of ftrong paper,
and always took care to pour the water very gently
into the jar : but I found that all thefe precautions
were not fufficient to prevent very confiderable
anomalies in the refults of the Experiments; and
as I found reafon to fulpett that the motion in the
mafs of the hot water, which was unaveidably oc-
cafioned by removing the circular piece of paper
which covered the ice, was the principal caufe of
thefe inaccuracies, I had recourfe to another, and
a better contrivance.

Having procured a flat, fhallow difh, of light
wood ; half an inch deep, 4% inches in diameter,
(or fomething lefs than the internal diameter of the
jar,)—and about X of an inch thick at its bottom,
I bored a great number of very fmall holes through
its bottom, which gave it the appearance of a
fieve. This perforated wooden difh having been
previoufly made ice-cold, was placed on the furface
of the ice in the jar; and the hot water being

5 gently
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gently poured into the difh through a long wooden
tube ; as this perforated difh floated and remained
conftantly at the furface of the water, and as the
warter pafling through fuch a great number (many
hundreds) of fmall holes, was not projeéted down-
wards with force, it is evident that by this fimple
contrivance thofe violent motions in the mafls of
water in the jar, which before took place when
the hot water was poured in the ice, and when the
paper which covered the ice was removed, were,
in a great meafure, prevented.

In order that the water which was poured
through the wooden tube (the bore of which was
about half an inch in diameter) might impinge
perpendicularly and with force againit the bottom
of the difh, the lower end of the tube was clofed
by a fit cork ftopple, and the water was made to
ifflue horizontally through a number of fmall holes
in the fides of this tube, at its lower end.

As foon as the operation of pouring the hot
water into the jar was finifhed, the perforated dith
was carefuli}r removed, and the jar was covered
with 2 circular wooden cover, from the centre of
which a fmall mercurial thermometer was ful-
pended. '

The effetts produced by this new arrangement of
the machinery will appear by comparing the refults

of the two following Experiments with thofe juft.

mentioned.
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- : | Temperature of the|

Number IE} ltm;;i j hot water, Quantity
ofthe Ex-|' = . 4 of ice
periment. | -3 | Atthebe-| At the | melted.

onthelce.| ™ . .
ginning. | end.
Minutes. Grains.

No. 23 I 1669 196° 423

| No. 24 3 1go® 188° 703

In order flill more effeftually to prevent the in-
accuracies arifing from the internal motions in the
mafs of hot water which were occafioned in pour-
ing the water into the jar, (and which could not
fail to affet, more or lefs, the refults of the Exs
perlment) I had recourfe to the following con-
trivance.

I filled a fmall phial containing 81 cubic inches
with ice-cold water, and then emptying the phial
in the jar, I covered the furface of the ice with
this ice-cold water to the height of 6.478 of an
inch.

On the furface of this ice-cold water, inftead of
that of the ice, I now placed the perforated wooden
dith previouily made ice-cold, and pr:rurt:d the h{:-l:
water upon it.

The refults of the following Expeurnenrs fhnw
that this contrivance tended much to diminith thr:
appatent irregularities of the Experiments.-

The air of the room in which thefe Expenments
were made was of the tmperature of 41%
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Temperature of the
Time the 'hot water one inch Beintity
1 ater- : Q‘f .
1o of the 10t water below its furface, <

ice

Exp:riment.:;::s: gntue At the [ At the melted.
beginning| end.

Minutes. . Grains.

No. z5 10 1g2° 182° 580

No. 26 30 150" 165° 914

|_No. 27 | 180 190° 95° 1 3200

From the refults of thefe laft three Experiments,
we can now determine with a very confiderable
degree of certainty how much ice was melted in
the alt of pouring the water into the jar, and con-
fequently the rate at which it was melted in the
ordinary courfe of the Experiment;—fuppofing
equal quantities to be melted in equal times.

As in the 27th Experiment 3200 grains were
melted in 180 minutes, and in the 2j5th Expe.
riment 580 grains were melted in 10 minutes,
we may fafely conclude that the fame quantity
muft have been melted in the fame time (1o
minutes) in the 27th Experiment; if, therefore,
from 3200 grains,—the quantity melted in 180
minutes in this laft Experiment,—we deduét 580
grains for the quantity melted during the firft 10
minutes, there will remain 2620 grains for the
quantity melted in the fucceeding 17c minutes,
when the mctions occafioned in the water on its
being poured into the jar having fubfided, we may -
fuppofe the procefs of melting the ice to have gone
on regularly.

But if in the regular courfe of the Experiment,
no more thai 2620 grains were melted in 170

minutes,
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minutes, it is evident that not more than 1 §4 grains
could have been melted in the ordinary courfe of-
the procefs in 10 minutes ; for 170 minutes : 2620
grains : : 10 minutes : 154 grains.—If, therefore,
from 580 grains, the quantity of ice actually melt.
ed in 10 minutes in the 2 5th Experiment, we de-
dué 154 grains, there remains 426 for the quan-
tity melted in pouring the water into the jar.

Let us fee now how far this agrees with the re-
fult of the 26th Experiment. In this Experiment
914 graing of ice were melted in 30 minutes.
If from this quantity we deduct 426 grains, the
quantity which according to the foregoing com-
putation muft have been melted in pouring the hot
water into the jar, there will remain 478 grains
for the quantity melted in the ordinary courfe
of the procefs in 30 minutes; which gives 159
grains for the quantity melted in 1o minutes ;
which differs very little from the refult of the
foregoing computation, by which it appeared to
be=154 grains. This difference however, {mall
as it is, is fufhicient to prove an important falt,
namely, that the effets produced by the motion
into which the hot ‘water had been thrown in
being poured into the jar had not ceafed entirely
in 10 minutes, or when an end was put to the sth
Experiment. We fhall therefore come nearer the
truth, if, in our endeavours to difcover the quantity
of ice melted in any given time in the ordinary
courfe of the Experiments, we found our com-
putation on the refults of the two Experiments
No. 26 and No. 27%.

VoL, II. T In
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In the latter of thefe Experiments 3200 grams
of ice were melted in £80 minutes, and in the
former 914 grains were melted in 30 minutes. If,
therefore, from 3200 grains, the quantity melted
in 180 minutes, we take the quantity melted in
the firlt 30 minutes,—914 grains, there will re-.
main 2286 grains for the quantity melted in the
fucceeding 150 minutes, and this gives 152 grains
for the quantity melted in 10 minutes. By the
former computation it turned out to be 154
grains. "

But if 152 grains of ice is the quantity melted
in 1o minutes, in the ordinary courfe of the
procefs, three times that quantity, or 456 grains
only, could have been melted in 15 manner in the
3o minutes during which the 26th Experiment
fafted ; and dedu&ing this quantity from gi4
grains, the quantity atually melted in that Expe-
riment, the remainder, 458 grains, fhows how
much muft have been meclted in the pouring the
hot water on the ice, or in confequence of the
motions into which the water was thrown in the
performance of that cperation. By the preced-
ing computation this quantity turned out to be
426 grains,

From the refult of thefe computations I think
we may fafely conclude, that in the ordinary courfe
of the Experiments not more than 152 grains of
ice were melted by the hot water in 10 minutes.

I fhall now proceed to give an account of feveral
Experiments in which the water. employed to melt
the ice was at a much lower temperature.

' ' Having

[had
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Having removed a fmall quantity of ice which
remained unmelted in the bottom of the jar, I put
a frefh’ quantity of water into it, and placing the
jar in a freezing mixture, caufed this water, which
filled the jar to the height of four inches, to freeze
into one folid mafs of ice. I then placed the jar
in a fhallow earthen difh, and furrounded it to the
height of the level of the top of the ice with a.
mixture of fnow and water (fee Plate IL.); and
placing it in a room in which there had been no
fire made for many months, and in which the
temperature of the air was at 41° I let it remain
quiet two hours, in order that the ice might acquire
the temperature of 32°.

This being done, I took the jar out of the
earthen difh, and wiping the outfide of it dry with
a cold napkin, 1 weighed the jar with the ice in it
very exaltly, and then replaced it in the earthen
difh, and furrounded it as before with fhow and
- water, to the height of the level of the furface of
the ice.

I then poured 73+ ounces Troy(=15,160 grains)
of water, at the temperature of 41° into the jar,
which covered the ice to the fame height to which
it had been covered in the former Experiments,—
namely, to about 8 inches, and fuffering it to
ftand on the ice a certain number of minutes, I
then poured it off, and wiping the outfide of the
jar, weighed it, in order to afcertain how much
ice had been melted.

In putting this cold water into the jar the fame
precautigns were ufed (by pouring it through the

T 2 wooden
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wooden tube into the perforated wooden difh, &c.)
as were ufed when the Experiment was made with-
boiling .the water.

The following Table fhows the refults of fix
Experiments made the fame day, (the 1gth March

1797,) in the order in which they are numbered,
and which were all made with the utmoft care:

ﬁ'cmpcr&tnrc of the
water in the jar

Number | t inch below its Time the 5

of the furface, ELETE‘Z{ water re- QE?-“;:;}'
Experi- i . |mained on

mc:I:tt. Atthebe-] At the the air. the ice. melted. |

ginning of | end of
the Exp. | the Exp.

Minutes. Cirains.,

No. 28 | 41° 40" 419 10 203
No. z9 | 41° 40° 41° 10 220
No. 30| 41° 40° 41° 10 z37
No. 31 41° 407 41° 10 228
No. 32 | 41° 38° 41° 30 617
' No. 33 | 41° 38° 41° 30 585

The agreement in the refults of thefe Experi-
ments is not much lefs extraordinary than the fur-
prifing fa&t which is proved by them,—namely,
that boiling-hot water does not thaw more ice in
any given time when fanding quietly on its furfate
than water at the temperature of 41°—or nine
degrees only above the point of freezing !

There is reafon to conclude that it does not cven
thaw fo much;—and this {till more remarkable-
circumitance may, I think, be accounted for in a
[atisfaCtory manner, on the fuppofition (which,
however, I imagine will no longer be confidered as

a bare

W
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a bare fuppofition) that water is a non-conducor
of Heat.

It appeared from the refults of the Experiments
made with hot water, that the quantity of ice melt-
ed in 10 minutes in the ordinary courfe of that
procels amounted to no more than 152 grains ;—
but in thefe Experiments with cold water, the
quantity melted in that time was never lels than
203 grains, and taking the mean of four Experi-
ments, it amounted to 222 grains.

There is one circumftance, however, relpecting
thefe Experiments with cold water, which it is ne-
ceffary to inveltigate before their refults can be
admitted as complete proof in the important cafe
in queftion,

In the Experiments which were made with hot
water, it was found that a confiderable part of the
ice which was melted, was melted in confequence.
of the motions into which the water was thrown
upon being poured into the jar, and that the effe@®
of thefe motions continued to be fenfible for a
longer time than molt of thefe Experiments with
cold water lafted. Is it not poffible that the refults
of thefe Experiments with cold water may alfo
have been affefted by the fame caufe ? This is what
I fhall endeavour to find out.

In the 32d Experiment 617 grains of ice were
melted in 30 minutes, and in the 33d Experiment
585 grains were melted in the fame time; and
taking the mean of thefe two Experiments it ap-
pears that 6or grains were melted In 30 minutes.
If now from this quantity we deduct that which,

o according
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according to the mean refult of the four preced-
ing Experiments, muft have been melted in 10
minutes, namely, 222 grains, there will remain 379
grains for the quantity melted in the laft 20 mi-
nutes in thefe two Experiments; confequently,
half this quantity, or 18¢% grains, is what muft
have been melted in 10 minutes in the ordinary
courfe of the procefs. ;

But this quantity, (189! grains,) though lefs
than what was actually melted in the Experiments
which lafted only 1o minutes, is ftill confiderably

greater than 52 grains, the quantity which was

found to have been melted in the fame time in
the ordinary courfe of the procefls in thofe Expe-
riments in which hot water was ufed; confe-
quently the great queftion for the decifion of which
thefe Experiments were contrived is,—I believe 1
may venture to fay,—decided.

But, however conclufive the reflult of thefe Ex-
periments appeared to me to be, I felt myfelf too
much interefted in the fubject to reft my inquiries
here. :

Having found, as well from the refults of the
Experiments made with cold water as from thofe
made with hot water, that a confiderable quantity
of ice was melted in the at of pouring the water
into the jar, and in confequence of thofe undulatory
motions into which the water was thrown in that
operation, notwith{tanding all the pains I had taken
to diminifh thofe motions and prevent their effeéts,
I now doubled my precautions in guarding againft
thofe fources of error and uncertainty.

Before



in Fluids. 267

Before I poured the water into the jar I covered
the furface of the ice to the height 0.956 of an
inch with ice-cold water, and this I did when water
at the temperature of 41° was ufed, as well as in
thofe Experiments in which boiling-hot water was
employed. In the former Experiments I had covered
the furface of the ice with ice-cold water only in
thofe Experiments in which hot water was ufed,
and even in thofe I ufed only half as much ice-
cold water as I now employed for that purpofe.

I alfo now poured the water into the jar in a
{maller {tream, employing no lefs than three mi-
nutes in filling it up to the height of eight inches
above the furface of the ice; and I endeavoured
to afcertain how far the refults of the Experiments
were influenced by the temperature of the air, and
alfo by wrapping up the jar in warm covering.

The fame jar was ufed in all the Experiments,
and it was always placed in the fame earthen difh,
and furrounded, to the level of the top of the ice,
with melting fnow. This jar is very regular in its
form, being very nearly a perfet cylinder, and is
on that account peculiarly well calculated for the
ufe for which I felected it.

In each of the three firft Experiments, which
are entered in the following Table, the jar was well
covered up with a very warm covering of cotton
wool. This covering (which was above an inch
thick) reached from the furface of the melting
fnow in which the jar {tood, quite to the top of the
jar. The mouth of the jar was firlt covered with
a round wooden cover, (from the centre of which a

T 4 thermo-
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thermometer, the bulb of which reached one inch
below the furface of the water, was fufpended,) and
on the top of this wooden cover there was put a
thick covering of cotton.

In all the Experiments in the following Table,
except the three firft, the jar was expofed naked to
the air, except the lower part of it, which, as I
have already more than once obferved, was always
covered, as high as the ice in the jar reached, with
melting fnow, or with pounded ice and water.

In the two Experiments No. 37 and No. 38,
which are marked with aiterifks, the furface of the
ice was covered with ice-cold water to the depth
of 0.478 of an inch only ;—in all the other Expe-
riments it was covered to the depth of o.956 of
an inch,



in Fluids. 269

Temperature of the
I water in the jar
3 . a h .
Number | 1 iach below 1ts Tempen: Time the Quantity

f the | furface water re-
= r ? ture of

Experi- | ———~ of Ul inad on | oL Lee
m::l';:t. In the be-| At the the air. the 1ce. melted.
ginning of | end of
the Exp. | the Exp.
Minutes. Grains.
No. 34 | 188 179° 41° 30 634
No. 35 18g° 130° 41° 30 747
No. 36 | 190° | 147> | 41° | 180 | 3963
How ST en) 420 1 41° 30 592 %
No. 380" 4t 43° 61° 30 676 %
No. 39 | 186> | 157° 61° 30 559
No. 40 | 188 156° 61° 30 575
No. 41 190" 156° 61° 30 342
NU‘- 42 41'31 43‘3 61° 3'3 5?3
No. 43 | 42° | 44° | 61° | 30 575
D 35° 61° 120 2151

The refults of thefe Experiments afford matter for
much curious fpeculation, but I fhall content myfelf
for the prefent with making only two or three obler-
vations refpecting them. And in the firlt place, it
is remarkable, that although in the Experiments
No. 34 and No. 35, of 30 minutes each, confider-
ably lefs ice was melted than in that No. 26, which
lafted the fame time; yet, in that No. 36, of 180
minutes, more was melted than in that No, 27, of
the fame duration. This difference in the two
laft-mentioned Experiments will be accounted for
hereafter.

With regard to the difference in the refults of
the Experiments of 30 minutes, there is no doubt
but that it arofe from the precautions which had

been
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been taken in this laft fet of Experiments to pre-
vent the effelt of the violent motions into which
the hot water was thrown in being poured into the
jar, that lefs ice was melted in the Experiments
No. 34 and No. 35, than in that No. 26.

Secondly, It appears that more ice was melted in
the fame time, in the Experiments in which the jar
was covered up with warm covering, than in thofe
in which it was left naked and expofed to the air
of the room.

The difference is even confiderable. The quan-
tity melted in 30 minutes when the jar was covered,
at a mean of two Experiments, (No. 34 and
No. 35,) was 69o} grains ;—but when the jar was
naked, the quantity at a mean of three Experiments
(No. 39, No. 40, and No. 41) was only 558%
grains.

Thirdly, The quantity of ice melted under fimilar
circumftances,—that is to fay, when the jar was
naked,—was fenfibly greater when the water was
at the temperature of about 21°, than when it wag
nearly beiling hot. In the Experiment No. 41,
when the water which was poured on the ice was at
the temperature of 1go deg. 542 grains only of ice
were melted in 30 minutes; whereas, in the next
Experiment, (No. 42,) when the water was at 41°,
or 149 degrees colder, 573 grains were melted in
the fame time.

Finding that covering up the jar with a thick and
warm covering of cotton caufed more ice to be
melted by the hot water, I was curious to {ee what
effefts would be produced by keeping the jar

plunged
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plunged quite up to its brim in a mixture of fnow
and water, inftead of merely furrounding that part
of it which was occupied by the cake of ice by this
cold mixture.

I was likewife defirous of finding out,—and if
poflible at the fame time,—whether water, at a
temperature fomething above that at which that
Fluid ceafes to be condenfed with cold, would not
melt more ice in any given time than an equal
quantity of that Fluid, either colder or much hotter.
The refult of the 43d Experiment had thewn me,
—what indeed a very fimple computation would
have pointed out,—namely, that when the tempe-
rature of the water is but a few degrees above the
point of freezing, if its quantity or depth is not
very confiderable, it will foon be fo much cooled
~ as very fenfibly to retard the procefs of melting the
ice : and with refpe&t to hot water, the increafed
quantity of ice which was melted by it when the
jar was covered up with a warm covering, con-
vinced me that the real caufe which prevented the
hot water from melting as much ice as the cold
water in my Experiments, was the embarrafiments
in the procefs of melting the ice, which were
occafioned by the defcending currents formed in
the hot water on its being cooled by the air at its
furface, and by the fides of the jar.

Thefle deflcending currents meeting in the re-
gion of the conftant temperature of 40° with thofe
cold currents which afcended from the furface of
the ice, it feems very probable that the afcending

currents,
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currents, on the motion of which the melting of ice
depends, were checked by this collifion. -

By retarding the cooling of the hot water above,
by wrapping up the jar in a warm covering, the
velocity of the defcending currents was of courfe
diminithed ; but when this was done, the refults of
the Experiment thowed that the melting of the ice
was accelerated.

When the jar being naked, the cooling of the
hot water, and confequently the motions of the
defcending currents, were rapid, no more than
about 542 grains, or at moit 575 grains, were
melted in 3o minutes; but when the jar was
covered with a warm covering, 634 grains, and in
one Experiment (that No. 35) 747 grains, were
melted in the fame time.

As plunging the jar in a cold mixture of fnow
and water could not fail to accelerate the cooling of
the hot water in the jar, and confequently to
increafe the rapidity of the defcending currents in
it, ought not this to embarrafs, in an extraordinary
degree, the afcending currents of ice-cold water
from the furface of the ice, and to diminith the
quantity of ice melted ?—This is what the follow-
ing Experiments, compared with the refults of
thofe No. 39, No. 40, and No. 41, will fhow,
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[ Temperature of .thﬂTempcraturt
water m the jar s (U
Number | 1 inch below its | 2. €% 1T9me the i
of the | furface, MIXHWIE I | vater re- QE—,,? R
e ;whmh the sl 0T
P ras kept . melted.
ment. | In the be-| At the _-Fa]r was SPY the ice.
e o e unged to
ginnﬂ]g O 0 its h]’lm.
the Exp. |the Exp.
Minutes. Grains:
No. 45 1887 68° 22° 10 4006
No. 46 186° 67° qas 30 440
No. 47 189° 682 32+ 30 432
No. 48 | 187° 67° 32° 30 355
No. 49 188° 68° 328 30 364
Quantity of ice melted in thefe § Experiments, 1997
Mean quantity melted by hot water when the jar was Grains.
kept plunged to its brim in melting ice and water, - 399}
Mean quantity melted by hot water in 30 minutes, in
the two Experiments, No. 26 and No. 27, when the
part of the jar occupied by the water was {furrounded
by air, at the temperature of 419, - - 456
Mean quantity melted by hot water in 30 minutes, in
the three Experiments, Ne. 39, No. g0, and No. 41,
when the part of the jar occupied by the water was
furrounded by air, at the temperature of 619, - 5583
Mean quantity melted by hot water in 3o minutes, in
the two Experiments, No. 34 and No. 35, when the
part of the jar occupied by the water was kept covered
up by a thick and warm covering of cotton, - - 6go}

As all the Experiments were made in the fame
manner, and with equal care, and differed only in
refpect to the manner in which the outfide of the
jar, above the furface of the ice in it, was covered,
their refults fhow the effefts produced by thofe

differences.

6
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I fhould perhaps have fufpeéted that the greater
quantity of ice which was melted when the heat of
the water in the jar was confined for the longeft
time had been occafioned, at leaft in part, by the
Heat communicated downwards by the medium of -
the glafs; but that this could not have been the
cafe was evident, not only from the manner in
which the ice was always found to have been
melted, but alfo from the refults of fimilar Expe-
riments made with much colder water. _

Had it been melted by Heat communicated by
the glafs, it would undoubtedly have been moft
melted in thofe parts of its furface where it was in
contact with the glafs, but this I never once foun
to be the cafe. '

The refults of the following Experiments will
fhow,—what indeed might eafily have been fore-
feen,—that the temperature of the medium by
which the upper part of the jar was furrounded
does not always affet the refult of the Experiment
in the fame degree,~nor even always in the fame
manner,—in different Experiments in which the
temperature of the water in the jar i1s very
different.

To facilitate the comparifon of thefe Experi-
ments, and that of the foregoing, which are
fimilar to them, I fhall here place them together.
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Temperature of the | Tempera-
water in the jar | ture of the

3 : : Time the
N | 11t o | by | | Qi
UE}: P;i i e mained | of ice
TIeTls
ment. In the be-| At the | of the jar of;:{::he melted. |
ginninguf endofthel was fur- £

the Exp. | Exp. rounded.

Crains. Minutes.

No. 50 | 41° 36° qat SMAL 1) 542
No. 37 | 41° 38° 41° 30 502
No. 42 | 417 43° 61° 30 76

It is certainly very remarkable indeed that fo
much more ice fhould be melted by water at the
temperature of 41°, when the jar which contained
it was furrounded by a cold mixture of pounded ice
and water, than by an equal quantity of boiling-
hot water in the fame circumf{tances. In the Expe-
riment No. 50, the quantity melted by the cold
water was §42 grains, while that melted by the
boiling-hot water, taking the mean of five Experi-
ments, (thofe No. 45, 46, 47, 48, and 49,) was
no more than 3993 grains. But the refuits of the
four following Experiments are, if poffible, ftiil
more furprifing.

Thefe Experiments were made with water at the
temperature of 61° the temperature of the air of
the room being at the fame time 61°; in the two
firft of thefe Experiments the jar was kept plunged
to its brim in a mixture of fnow and water,—in
the two laft its lower part only, namely, as high
as the level of the furface of the ice, was furrounded

i oy
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by this cold mixture, its upper part being naked,
and furrounded by the air of the room.

In each of the Experiments, (as in thole which
preceded them,) before the water was poured into
the jar the furface of the ice was covered to the
height of 0.956 of an inch with ice-cold water, in
order more effeCtually to defend it againft the ef-
fets of the temporary motions into which the
water employed to melt the ice was unavoidably
thrown in the performance of this operation ; and
the fame quantity of water was always ufed, name-
ly, 73 % ounces Troy, or as much as was fufficient to
fill the jar to the height of 8 inches. :

[ Temperature of the | Tempera-
water in the jar [tureofthe
Number | 1 inch below 1ts | medium |Time the} :
of the | furface, by which | water re- QEFHEUEY
Experi- the upper|mained on :u:lt:d
ment. |Inthe be-] At the |partofthe| the ice. ;
gmning of] end of |jarwasfur-
the Exp. | the Exp. | rounded.
Minutes. Grains.
No. g1 61° 49° 32° 30 660
No. 52 617 50® 327 30 66z
No. 53 61° 6o® 61 30 642
No. g4 | 61 6io? 61° 30 650

Thefe Experiments are remarkable, not only on
account of the very fmall difference in the quan-
tities of ice melted which refulted from the cooling
of the fides of the jar, but alfo, and more efpecially,
as that difference was direCtly contrary to the ef-
fefls produced by the fame means in the Experi-
ments with hot water. More ice was melted when

the
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the outfide of the jar was kept ice-cold than when
it was furrounded by air at the temperature of
61°.

All thefe appearances might, I think, be ac-
counted for in a fatisfattory manner on the prin-
ciples we have aflumed refpetting the manner in
which Heat is propagated in liquids ; but without
engaging ourflelves at prefent too far in thele ab-
ftrufe fpeculations, let us take a retrofpeétive view
of all our Experiments, and fee what general re-
fults, may with certainty be drawn from them.

One of the Experiments in which the greateft
quantity of ice was melted by hbot water is that
No. 36, in which 3963 grains were melted in three
hours, or 180 minutes. If now from this quantity
we deduct that which, according to the refults of
the two preceding Experiments, muft have been
melted in the firlt 30 minutes, namely, 6g9o > grains,
there will remain 3272% grains for the quantity
melted in the laft 150 minutes, which gives 654%
grains for the quantity melted in 30 minutes in
the ordinary courfe of the Experiment.

This quantity, 654+ grains, deducted from that
which at a mean of two Experiments (thofe No. 34
and No. 35) was found to be aftually melted in 30
minutes, namely, 6go¥ grains, leaves 36 grains for
the quantity which in thefe two Experiments was
melted in confequence of the temporary motions
into which the hot water was thrown in the opera-
tion "of pouring it into the jar. The difference

| between thefe two quantities (=36 grains) is very
voL. II. U incon-
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inconfiderable, and fhows that the means ufed for
diminifhing the effets produced by thofe motions
had been very efhcacious.

As the refults of the three Experiments No. 34,
No. 35, and No. 36, were exceedingly regular
and fatisfactory,—as the Heat of the water appears
- to have been fo completely confined by the warm
covering which furrounded the jar, and as the
procels of melting the ice went on regularly or
equally for fo great a length of time (three hours)
in the 36th Experiment, we may venture to con-
clude that more ice could not poflibly have been
melted by boiling-hot water—/Zanding on it—than
was melted in thefe Experiments.

This quantity was found to be at the rate of
654+ grains In 30 minutes.

But as in thefe three Experiments extraordinary’
means were ufed, by which an uncommonly large

quantity of ice was melted, they cannot be con.

fidered as fimilar to thofe which were made with
cold water, and confequently cannot with propriety
be compared with them.

When the Experiments were fimilar, the mean

refults of thofe which were made with water as
different temperatures were as follows :
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In the Experiments in
which the part of the jar
which was occupied h}r
the water was txpoﬁ.d
uncovered to the air at
the temperature of 61°

In the Experiments in
which the part of the jar
which was occupied by
the water was {urrounded <
by pounded iceand water,
and confequently was at
the temperature of 32°

r With boiling-hot water,

[ With boiling-hot water
( Experiments No. 39,
40, and 41)

With water at the tem-
perature of 619 (Ex-
{T} tments No. §3 and

0. 54)

With water at the tem-
perature of 41° (Ex-
ﬁfr.-'mmf.r No. 42 and
No. 43)

|
}
}

=

[:Ex_pfnmmr.r No. 45,
40, 47, 48, and 49)
With water at the tem-
perature of 61° (Ex-
Pcnmmm Na. 51 aned
No. 52)

With water at the t&m-

perature of 41°

Ice

melted
in k1el
[minutes

Grains.

558%

646

574

3995
661

542

5

| P;‘nmrﬂf No. 50)

From the refults of all thefe Experiments we
may certainly venture to conclude that boiling-hot
water is not capable of melting more ice when
Sanding on its furface, than an equal quantity of
water at the temperature of 41°% or when it is only
nine degrees above the temperature of freezing !

This fact will, I flatter myfelf, be confidered

as affording

the moft unqueftionable proof that

could well be imagined, that water is a perfe&t non-
conductor of Heat, and that Heat is propagated in
it only in confequence of the motions which the

u

Heat
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Heat occafions in the infulated and [olitary particles
of that fluid *.

The difcovery of this fact opens to our view one
of the moft intereflting fcenes in the economy of
Nature :—but in order to prepare our minds for
the contemplation of it, it will be not amifs to re-
frelh our memory by recapitulating what has al-
ready been faid on the Propagation of Heat in
Fluids, and particularly in water; and adding fuch
occafional obfervations as may tend to elucidate
that abftrufe fubject.

Thofe who enter into the fpirit of thele invefti-
gations will not confider thele repetitions and illuf-
trations as either fuperfluous or tirefome.

#* The infight which this difcovery gives us in regard to the natare of the
mechanical procefs which takes place in chemical folutions is too evident to
require illuftration ;—and it appears to me thar it will enable us to account
in afatisfactory manner for all the various phznomena of chemical affinities
and vegetation. Perhaps all the motions among inanimate bodies on the
{furface of the globe may be traced to the fame caufe,—namely, to the nen-
conduéting power of Fluids with regard to Hear.
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Recapitulation, and farther Inveftigation of the Sub-
ject.—All Bodies are condenfed by Cold without
Limitation, WATER ONLY EXCEPTED.— Won-
derful Effeéls produced in the World in confequence
of the particular Law which obtains in the Con-
denfation of Water.— This Exception to one of the
mgft general Laws of Nature, a ftriking Proof of
Contrivance in the Arrangement of the Univerfe ;—
a Proof achich comes home to the Feelings of every
ingenuous and grateful Mind.—This particular
Law does not obtain in the Condenfation of SALT-
WaTer.—Iinal Caufe of the Saltnefs of the Sea
—T e Ocean probably defigned by the Creator to
Sferve as an Equalizer of Heat—Could not have
anfwered that Purpofe bad its Waters been frefb.—
Final Caufe of the Frefbnefs of Lakes and inland
Seas in bigh Latitudes.—Ufefulnefs of thefe Spe-
culations.

s the immediate caufe of the motions in a liquid,
which take place on its undergoing a change

of temperature, is evidently the change in the
fpecific gravity of thofe particles of the liquid
which become either hotter or colder than the reft
of the mafs ; and as the fpecific gravities of fome
liquids are much more changed by any given
change of temperature than that of others, ought
U 3 not

e L
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not this circumftance (independent of the more or
lefs perfe& fluidity of the liquid) to make a fenfible
difference in the conducting power of liquids?

The more a liquid is expanded by any given
change of temperature, the more rapid will be the
afcent of the particles which firft receive the Heat ;
and as thefe are immediately replaced by other
colder particles, which, in their turns, come to
be heated, this muft of courfe produce. a rapid
communication of Heat from the hot body of the
liquid.

But when, on the other hand, the fpecific gra-
vity of a liquid is but little changed by any given
change of temperature, the motions among the
particles of the liquid occafioned by this change
muft be very fluggith, and the communication of
Heat of courle very flow.

Let us f{top here for one moment juft to afk
ourfelves a very interefting queltion. Suppofe that
in the general arrangement of things it had been
neceflary to contrive matters fo that water fhould
not freeze in winter,—or that it thould not freeze
but with the greateft difficulty ;—very flowly ;—and
in the finallgf quantity poffible ;—How could this
have been moft readily effeGted ?—

Thofe who are acquainted with the law of the
condenfation of Water on parting with its Heat
have already anticipated me in thefe fpeculations ;
and it does not appear to me that there is any
thing which human fagacity carr fathom, within
the wide-extended bounds of the vifible creation,
which affords a more ftriking or more palpable

proof
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proof of the wifldom of the Creator, and of the
fpecial care he has taken in the general arrange-
ment of the univerfe to preferve animal life, than
this wonderful contrivance :—for though the
extenfivenels and immutability of the general
laws of Nature imprefs our minds with awe and
reverence for the Creator of the univerfe, yet
exceptions to thefe laws, or particular modifications
of them, from which we are able to trace effeéts
evidently Jfelutary or advantageous to ourfelves
and our fellow-creatures, afford {till more ftriking
proofs of contrivance, and ought certainly to
awaken in us the moft lively fentiments of admira-
tion, love, and gratitude,

Though in temperatures above blood-heat the
expanfion of water with Heat is very confiderable,
yet in the neighbourhood of the freezing point it is
almoft nothing. And what is {till more remarkable,
as it is an exception to one of the moft general
laws of Nature with which we are acquainted,
when in cooling it comes within eight or nine de-
grees of Fahrenheit’s fcale of the freezing point,
inftead of going on to be farther condenfed as it
lofes more of its Heat, it affually expands as it
grows colder, and continues to expand more and
more as it is more cooled.

If the whole amount of the condenfation of
any given quantity of boiling-hot water, on being
cooled to the point of freezing, be divided into any
given number of equal parts, the condenfations
correlponding to equal changes of temperature will
be very unequal in different temperatures,

U 4 In
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In cooling 221 degrees of Fahrenheit’s fcale,
(or one-eighth part of the interval between the
boiling and the freezing points,) the condenfation
will be,

Condenfation.
In cooling 221° viz. from 212° to 189}® - 18 parts.

1893° — 167° - 16.z
167° — 144:° - 138
1443° — 122° = 11.5
122° == OObRis 100
g5 = O el
770 == SEEER
545% ~' 228 sldcg

Hence it appears that the condenfation of water,
or increafe of its {pecific gravity in being cooled
222 degrees of Fahrenheit’s fcale, is at leaft ninety
times greater when the water Is boiling-hot, than
when it is at the mean temperature of the at-
mofphere in England ( 54:°), or within 221 degrees
of freezing—(for 18 is to 0.2 as go to 1).

All liquids, it is true, in cooling, are more con-
denfed by any given change of temperature when
they are very hot, than when they are colder ; but
thele differences are nothing compared to thofe we
oblerve in water.

The ratio of the condenfation in moling from
212° to 189! to that in cooling from 54:° to 32°
in each of the unﬁer-mentmned fluids, has been
fhown, by the Experiments of M. pE Luc, to be
- as follows :

Olive ol - - as I;5%5 to 1
Strong {pirits of wine - as 1% to 1

A {'aturated foluticn of fea—}
as I

18
falt in water o

Tow

The

=

e

ol o

. Bee ol
= Py
-

s

e, e

!
|




in Fluids. 285

The difference between the laws of the con-
denfation of pure water, and of the fame fluid when
it holds in folution a portion of falt, is ftriking ;
but when we trace the effeéls which are produced
in the world by that arrangement, we {hall be loit
in wonder and admiration,

Let me beg the attention of my reader while I
endeavour to inveftigate this molt interefting fub-
je&t, and let me at the fame time befpeak his
candour and indulgence. I feel the danger to
which a mortal expofes himfelf who has the
temerity to undertake to explain the defigns of
Infinite Wildom.-——The enterprife is adventurous,
but it cannot furely be improper.

The wonderful fimplicity of the means employed
by the Creator of the world to produce the changes
of the feafons, with all the mnumerable advantages
to the inhabitants of the earth which flow from
them, cannot fail to make a very deep and a
Jafting impreflion on every human being whofe
mind is not degraded and quite callous to every
ingenuous and noble fentiment : but the farther
we purfue our inquiries refpelting the conftitution
of the univerfe, and the more attentively we exa-
mine the effets produced by the various modifi-
cations of the ative powers which we perceive,
the more we fhall be difpoled to admire, adore,
and love that great Firft Caufe which brought all
things into exiftence.

‘Though winter and fummer, fpring and au-
tumn, and all the variety of the feafons, are pro-
duced in a manner at the fame time the moft

3 fimple
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fimple and the moft ftupendous (by the inclina.
tion of the axis of the earth to the plane of the
ecliptic) ; yet this mechanical contrivance alone
would not have been fufficient (as I fhall endea-
vour to fhow) to produce that gradual change
of temperature in the various climates which we
find to exift, and which doubtlefs is indifpenfably
neceffary to the prefervation of animal and vege-
table life. |

Though change of temperature feems neceflary
to the growth and perfettion of moft vegetables,
yet thefe changes muft be within certain limits.
Some plants can fupport greater changes of tem-
perature than others, but the extremes of Heat
and of Cold are alike fatal to all.

As the rays of the fun are the immediate caufe
of the Heat on the furface of the globe, and as
the length of the days in high latitudes is fo very
different in fummer and in winter, it is evident
that, in order to render thofe regions habitable,
fome contrivance was neceflary to prevent the
confequences which this great inequality of the
Heat generated by the fun in fummer and in winter
would naturallly tend to produce; er, in other
words, to equalize the Heat, and moderate its
extremes in thefe two feafons. -

Let us fee how far Water is concerned in this
operation, and then let us examine how far
the remarkable law which has been found to ob-
fain in its condenfation with cold tends to ren-

der it well adapted to anfwer that moft important.

purpofe.
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The valt extent of the ocean, and its great
depth,—but ftill more its numerous currents, and
the power of water to abforb a vaft quantity of
Heat, render it peculiarly well adapted to ferve as
an equalizer of Heat.

On the retreat of the fun after the folftice, it is
clofely followed by the cold winds from the regions
of eternal frolt, which are continually endeavour-
ing to prefs in towards the equator. As the
power of the fun to warm the furface of the earth
.and the air diminithes very faft in high lati-
' tudes on the days growing fhorter, it foon be-
comes too weak to keep back the denfe atmolphere
which prefles on from the polar regions, and the
cold increafes very faft.

‘There is, however, a circumitance by which thele
rapid advances of winter are in fome meafure mo-
derated. The earth, but more elpecially the water,
having imbibed a vaft quantity of Heat during the
long fummer days, while they received the influ-
ence of the fun’s vivifying beams ; this Heat, being
given off to the cold air which rufhes in from the
polar region, ferves to warm it and foften it, and
confequently to diminifh the impetuofity of its
motion, and take off the keennefs of its blaft.
But as the cold air ftill continues to flow in as the
{un retires, the accumulated Heat of fummer isfoon
exhaufted ; and. all folid and fluid bodies are re-
duced to the temperature of freezing water. In
this ftage the cold in the atmofphere increafes very
faft, and would probably increafe ftill fafter, were
it not for the vaft quantity of Heat which is com-

municated
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municated to the air by the watery vapours which
are firft condenfed, and then ‘congealed, in the
atmofphere, and which afterwards fall upon the
earth in the form of fnow; and by that flill larger
quantity which is given off by the water in the rivers
and lakes, and in the ground upon its being frozen.

But in very cold countries, the ground is frozen
and covered with fnow, and all the lakes and rivers
are frozen over in the very beginning of winter.
"The cold then firft begins to be extreme, and there
appears to be no fource of Heat left, which is [uf-
ficient to moderate it in any fenfible degree. &

Yet us fee what muft have happened if things
had been left to what might be called their natural
courfe ;—if the condenfation of water on being
deprived of 1ts Heat had followed the law which
we find obtains in other fluids, and even in water
itfef in fome cafes, namely, when it is mixed
with certain bodies.

Had not Providence interfered on this occafion
in 2 manner which may well be confidered as mi-
raculous,—all the frefh water within the polar
circle muft inevitably have been frozen to a very

great depth in one winter, and every plant and

tree deltroyed ; and it is more than probable that
the regions of eternal froft would have fpread on
every fide from the poles, and, advancing towards =
the equator, would have extended its dreary and foli- =

tary reign over a great part of what are now the moft

" fertile and molt inhabited climates of the world!
In latitudes where now the return of fpring is
hailed by the voice of gladnefs,—where the earthh =
“decks
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decks herfelf in her gayelt attire; and millions of
living beings pour forth their fongs of joy and
gladnefs, nothing would have been heard but the
whiftling of the rude winds,—and nothing feen
but ice and fnow, and flying clouds charged with
wintry tempelts.

Let us, with becoming difidence and awe, en-
deavour to fee what the imeans are which have
been employed by an almighty and benevolent
God to protett his fair creation.

As nourifhment and life are conveyed to all
living creatures through the medium of water;
—liguid,—living water ;—to preferve life, it was
abfolutely neceffary to preferve a great quantity of
water in a fluid {tate, in winter as well as m
fummer.

But in cold climates the temperature of the
atmofphere, during many months in the year, is fo
much below the freezing point, that, had not mea-
fures been taken to prevent fo fatal an accident, all
the water muft inevitably have been changed to ice,
which would infallibly have caufed the deftruction
of every living thing.

Extraordinary meafures were therefore neceflary
for preferving in a liquid ftate as much of the water
exifting in thofe climates as is indifpenfably neceffary
for the prefervation of vegetable and animal lite; and
this could only be done by contriving matters fo as
to prevent this water from parting with its Heat to
the cold atmofphere.

It has been fhown,—I believe I may venture to
fay proved,—in the moft fatisfaCtory manner,—

that
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that liquids part with their Heat onLY In con-
fequence of their internal motions j—and that
the more rapid thefe motions are, the more rapid
is the communication of the Heat ;—that thefe
motions are produced by the change in the
fpecific gravity of the liquid, occafioned by the
change of temperature,—and of courfe that they
are more rapid, as rthe fpecific gravity of the
liquid is the more changed by any given change
of temperature.

But it has been fhown that the change in the
fpecific gravity of water is extremely fmall, which
takes place in any given change of temperature,
below the mean temperature of the atmofphere ; and
particularly when the temperature of the water is
very near the freezing point ; and hence it follows,
that water muft give oft its Heat very flowly when
it is near freezing.

But this is not all.  There is a {till more extra-
ordinary, and in its confequences more wonderful,
circumftance which remains to be noticed. "When
water is cooled to within eight or nine degrees of
the freezing point, it not only ceafes to be farther
condenfed, but is atually expanded by farther
diminutions of its Heat; and this expanfion goes
on as the Heat is diminithed, as long as the water
can be kept fluid ; and when it is changed to ice,
it expands even {till more, and the ice floats on the
furface of the uncongealed part of the Fluid.

Let us fee how very powerfully this wonderful
contrivance tends to retard the cooling of water
when it is expofed in a cold atmofphere.

' 2 It
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It is well known that there is no communication
of Heat between two bodies as long as they are
both at the fame temperature; and it is likewile
known that the tendency of Heat to pafs from a
hot body into one which is colder, with which it is
in contadt, is greater, as the difference is greater in
the temperatures of the two bodies.

Suppofe now that a mafs of very cold air repofes
on the quiet furface of a large lake of frefh water,
at the temperature of §5° of Fahrenheit’s ther-
mometer. The particles of water at the furface
on giving off a part of their Heat to the cold air
with which they are in conta&, and in conflequence
of this lofs of Heat becoming fpecifically heavier
than thofe hotter particles on which they repofe,
muft of courfe defcend. This defcent of the parti-
cles which have been cooled neceflarily forces other
hotter particles to the furface, and thefe being
cooled in their turns bend their courfe downwards ;
and the whole mals of water is put into motion,
and continues in motion as long as the procefs of
cooling goes on.

Before I proceed to trace this operation through
all its various ftages, I muft endeavour te remove
an objeftion which may perhaps be made to my
explanation of this phaenomenon. As I have fup-
pofed the mafs of air which refts on the furface of
the water to be wvery cold, and as I have taken it
for granted that there is no communication what-
ever of Heat between the particles of water in
contact with this very cold air, and the neighbour-
ing warmer particles of water, it may be afked,

how
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how it happens that thefe particles at the furfice are
not fo much cooled as to be immediately changed
toice? To this I anfwer, that there are two caules
which confpire to prevent the immediate formation
of ice at the furface of the water : Firf, the fpe-
cific gravity of the particle of water at the furface
being increafed at the fame moment when it parts
with Heat, 1t begins to defcend as foon as it begins
to be cooled ; and before the air has had time to
rob it of all its Heat, it efcapes and gets out of its
reach : And fecondly, air being a bad conduéor of
Heat, it cannot receive and tranfmit or sranfport it
with {ufficient celerity to cool the furface of water
fo fuddenly as to embarrafs the motions of the
particles of that liquid in the operation of giving
it off. ar

But to return to our lake : As foon as the water
in cooling has arrived at the temperature of about
40", as at that temperature it ceafes to be farther
condenfed, its internal motion ceafes, and thole of
its particles which happen to be at its furface remain
there ; and after being cooled down to the freezing
point, they give oft their latent Heat, and ice
begins to be formed.

As foon as the furface of the water is covered with
ice, the communication of Heat from the water
to thz atmofphere is rendered extremely flow and
difficuli ; for ice being @ bad conduélor of Heat forms
a very warm covering to- the water,—and more-
over it prevents the water from being agitated by the
wind. [Farther, as the temperature of the ice at
its lower [urface is always very nearly the fame as

that
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that of the particles of liquid water with which it is
in conta&, (the warmer particles of this Fluid, in
confequence of their greater {pecific gravity, taking
their places below,) the communication of Heat
between the water and the ice is neceffarily very
flow on that account.

As foon as the upper furface of the ice is covered
with fnow, (which commonly happens foon after
the ice is formed,) this is an additional and very
powerful obftacle to prevent the efcape of the
Heat out of the water; and though the moft
intenfe cold may reign in the atmolphere, the
increale of the thicknefs of the ice will be very flow.

During this time, the mafs of water which
remains unfrozen will lofe o part of its Heat; on
the contrary, it will continually be receiving Heat
from the ground. This Heat, which is accumu-
lated in the earth during the fummer, will not only
ferve, in fome meafure, to replace that which is
communicated to the atmofphere through the ice,
and prevent its being furnithed at the expence of
the latent Heat of the water in contalt with its
furface, but when the temperature of the air is not
much below that of freezing, this fupply of Heat
from below will be quite fuff: -:imt to replace that
which the air carries off ; and the thicknels of the
ice will not increafe. .

Whenever the temperature of the air is not
attually colder than freezing water, the Heat which
rifes from the bottom of the lake will be all em-
ployed in melting the ice at its under furface, and
diminifhing its thicknefs.

VOL. II. X It
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It will indeed frequently happen, when the ice is
very thick, and efpecially when its upper furface is
covered with deep fnow, that the melting of the
ice at its under furface will be going on, when the
temperature of the atmofphere is confiderably
below the freezing point. :

As the particles of water which, receiving Heat
from the ground at the bottom of the lake, acquire
a higher temperature than that of 40° and being
expended, and becoming fpecifically lighter by this

additional Heat, rife up to the upper furface of the

fluid water, and give oft their fenfible Heat to the

under furface of the ice, never return to the

bottom, this communication of the fHeat which
exhales from the earth produces very little motion
in the mafs of the water ; and this circumftance is,
no doubt, very favourable to the prefervation of the
Heat of the water.

When a ftrong wind prevails, and the furface of
the water is much agitated, ice is not formed,
even though the whole mafs of water fhould, by a
long continuance of cold weather, have been pre-
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vioufly cooled down to that point to which it is

neceflary that it thould be brought, in order that
its internal motions may ceale, and it may be dif-
pofed to congeal ; for though the particles at and
near the furface may no longer have any tendency
{o defcend, on being farther cooled, yet, as they
have fo confiderable a quantity of fenfible Heat
(eight or ten degrees) to difpofe of, after their
condenfation with cold ceafes, and as the agitation
into which the water is thrown by the wind does

not
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not permit dny particle to remain long enough in
contact with the cold air to give off all its Heat at
once, there is a continual fucceflion of frefh parti-
cles at the furface, all of which give off Heat
to the air; but none of them have time to be
cooled fufliciently to be difpofed to form ice. The
water will lofe a vaft quantity of Heat, and as foon
as the wind ceafes, if the cold fhould continue, ice
will be formed very rapidly.

But it is not merely the agitation of the water
which renders the communication of the Heat very
rapid, the agitation of the wind alfo tends to pro=
duce the fame effeét.

On the return of fpring, the fnow melting
before the fun as he advances and his rays become
more. powerful, all the Heat which the earth
exhales is employed in diffolving the ice at its
under furface, while the fun on the other fide
alts ftill more powerfully to produce the fame
effect.

Though ice is tranfparent, yet it is not perfeétly
fo, and as the light which is ftopped in its paflage
~ through it cannot fail to generate Heat when and
where it is ftopped, or abforbed, it is by no means
furprifing that fnow fhould be found to melt when
expofed in the fun’s rays, even when the tempera-
ture of the air in the fhade is confiderably below
the point of freezing. Snow expofed to the fun
melts long before the even furface of ice begins to
be fenfibly foftened by its beams, and it is not till
fome time after all the hills are bare that the ice

on the lakes and rivers breaks up.
X2 The
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The rays which penetrate a bank of fnow being
often reflected and refracted, defcend deep into it,
and the Heat is depofited in a place where it is not
expofed to be carried off by the cold air of the at-
mofphere ; but the rays which fall upon the hori-
zontal and {mooth furface of ice, are moltly re-
flected upwards into the atmofphere; and if any
part of them are ftopped at the furface of the ice,
the Heat generated by them #here is inftantane-
oufly carried off by the cold air, and a particle of
water is no fooner made fluid than it is again
frozen.

Hence we fee that the fnow which in cold
countries covers the ice that is formed on the fur-
face of frefh water, not only prevents the Heat of
the water from being carried off by the air, during
the winter, but alfo aflifts very powerfully in thaw-
ing the ice early in the Ipring.

Let us now fee what the confequences would
have been had the condenfation of water with cold
followed the law which obtains in regard to all
other Fluids.

As the internal motion of the water could not
have failed to continue as long as its fpecific gravity
continued to be increaled by parting with Heat,
ice would not have begun to be formed till the
whole mafs of water had arrived at the tempera-
ture of 32° of Fahrenheit’s thermometer.

To fee what an enormous quantity of Heat would
be loft when the water is deep in confequence of
its whole mafs being cooled in this manner, we
have only to compute how much ice this Heat
' B would
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would melt, or how much water it would heat
from the point of freezing to that of boiling.

It has been fhown by experiment, that any given
quantity of ice requires as much Heat to melt it
as an equal quantity of fluid water lofes in cool-
ing 140 degrees, confequently the quantity of ice
which might be melted by the Heat given off by
any given quantity of water in cooling any given
number of degrees, is to the given quantity of
water, as the number of degrees which it is cooled,
to 140 degrees.

Hence it follows that- when the temperature of
the water is 8 degrees above the freezing point, it
gives off in cooling down to that temperature as
much Heat as would melt .2, or % of its weight
of ice ; the water, therefore, which is cooled from
thé temperature of 40° to that of 32°, if it be
35 feet deep, will give off as much Heat in being
fo cooled as would melt a covering of ice 2
feet thick.

But this even is not all, for as the particles of
water on being cooled at the furface would in con-
fequence of the increafe of their fpecific gravity,
on parting with a portion of their Heat, immedi-
ately defcend to the bottom, the greatelt part of
the Heat accumulated during the fummer in the
earth on which the water repofes would be carried
off and loft, before the water began to freeze ; and
when ice was once formed, its thicknels would
increafe with great rapidity, and would continue
increafing during the whole winter ; and it feems
very probable that in climates which are now tem-
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perate, the water in the large lakes would be frozen
to fuch a depth in the courfe of a fevere winter
that the Heat of the enfuing fummer would not be
fufficient to thaw them ; and fhould this once hap-
pen, the following winter could hardly fail to
change the whole mafs of its waters to one {olid
body of ice, which never more could recover its
liquid form, but muft remain immovable till the
end of time.

In the month of February, after a froft which
had lafted a month, the temperature of the air being
28°, M. pe Saussure found the temperature of
the water of the Lake of Geneva, at the furface, at
41°,—and at the depth of 1000 feet, at 40°
Had the froft continued but a little longer, ice
would have been formed ; but had the conititu-
tion of water been fuch that the whole mafs of
that Fluid in the Lake muft have been cooled down
to the temperature of 32° before ice could have
been formed, this event could not have happened
till the water had given off as much Heat as would
be fufficient to melt a covering of ice above §7 feet
thick |—

This quantity of Heat would be fufficient to heat,
to the point of boiling, a quantity of ice-cold water
as large as the Lake, and 49 feet deep.

We cannot fufficiently admire the fimplicity of
the contrivance by which all this Heat is faved. It
well deferves to be compared with that by which
the feafons are produced ; and I muft think that
every candid inquirer, who will begin by divefting
himfelf of all unreafonable prejudices, will agree
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with me in attributing them both To TEE saME
AUTHOR.

When we trace ftill farther the aftonithing effeéts
which are produced in the world by the operations
of that fimple law which has been found to obtain
in the condenfation of water on its being deprived
of Heat, we fhall find more and more reafon to
admire the wif{dom of the contrivance.

That high latitudes might be habitable, it was
neceflary that vegetables thould be proteéted from
the efletts of the chilling frofts of a long and
fevere winter : but if it be true that watery liquids
do not part with their Heat but in confequence of
their internal motions ; and if thefe motions are
occafioned merely by the change produced in the
Ipecific gravity of thofe particles of the liquid which
receive Heat, or which part with it, who does not
fee how very powerfully the fudden diminution
-and final ceffation of the condenfation of water in
cooling, as foon as its temperature approaches to
the freezing point, operates to prevent the fap in
vegetables from being frozen ?

But if, for the purpofes of life and vegetation,
it be neceflary that the ground, the rivers, the
lakes, and the trees be defended from the cold
winds from the poles, it may be afked how this
innundation of cold air is to be warmed ?—I an-
fwer by the waters of the ocean, which there is
the greateft reafon to think were not only defigned
principaily for that ufe, but particularly prepared
for it.
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Sea water contains a large proportion of falt
in folution, and we have feen that the condenfa-
tion of a faline folution, on its being cooled, fol-
lows a law which is extremely different from that
obferved in regard to pure water ; and which (as
may eafily be fhown) renders it peculiarly well
adapted for communicating Heat to the cold winds
which blow over its furface,

As fea water continues to be condenfed as it°

goes on to cool, even after it has pafled the point
at which frefh water freezes, the particles at the
furface, inftead of remaining there, after the mafs
of the water had been cooled to about 40° and pre-
venting the other warmer particles below from com.
ing in their turns and giving off their Heat to the cold
air, (as we have feen always happens when frefh
or pure water is fo cooled,) thefe cooled particles
of falt water delcend as foon as they have parted
with their Heat, and in moving downward force
other warmer particles to move upwards; and
in confequence of this continual fucceflion of
warm particles which come to the furface of the
fea, a valt deal of Heat is communicated to the
air ;—incomparably more than could poffibly be
communicated to it by an equal quantity of frefh
water at the fame temperature, as will appear by
the following computation.

Without taking into the account that very great
advantage which fea water poflefles over frefh

water, confidered as an equalizer of the tempera.

ture of the atmofphere, which arifes from the com-
parative lownefs of the point of its congelation ;—fup-
pofing
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pofing even fea water to freeze at as high a tem-
perature as frefh water, namely, at 32°; and fup-
pofing (what is ftri€tly true) that as foon as either
fea water or frefh water is frozen at its furface,
- and this ice covered with fnow, that the commu-
nication of Heat from the water to the atmofphere
ceafes almolt entirely;~we will endeavour to deter-
mine how much more Heat would, even on this
fuppofition, be communicated to the air by falt
water than by frefh water, after both have arrived
at the temperature of 40°.

When freth water, in cooling, has arrived at this
temperature, it ceafes to be farther condenfed with
cold, and its internal motions (which, as we have
already more than once obferved, are caufed folely by
thechanges produced in the fpecific gravity of its par-
ticles) ceafe of courfe, and ice immediately begins
to be formed on its furface; but as the condenfation
of falt water goes on as its Heat goes on to be di-
munithed, its internal motions will continue ; and
it is evidently impoflible for ice to be formed at
its furface till the whole mals of the water has be-
come ice-cold, or ull its temperature is brought
down to 32°. It would therefore give off a quan-
tity of Heat equal to 8 degrees, at leaft, of Fahren-
heit’s thermometer, more than the frefb water would
part with before ice could be formed on its fur-
face.

To be able to form an idea of this enormous
quantity of Heat, we have only to recolle& what
has already been faid, and we fhall find reafon to
conclude that it would be fufficient to melt a cover-
ing of ice equal in thicknefs to % of the depth }t:f

the



302 Of the Propagation of Heat

the fea.—It would therefore be fufficient in that
part of the North Sea (lat. 67°) where Lord Mul-
grave founded at the depth of 4680 feet, to melt a
cake of ice 265 feet thick!

But the Heat evolved in the formation of each
fuperficial foot of ice would be fufficient to raife the
temperature of a ftratum of incumbent air 2220
times as thick as the ice, (confequently in the cafe
in queftion 265x2220 feet, or 869 miles thick,)
28 degrees, or from the temperature of freezing
water, to that of 5o° of Fahrenheit’s thermometer,
or to the mean annual temperature of the northern
parts of Germany !

The Heat given off to the air by each fuperficial
foot of water in cooling one degree is fufficient to
heat an incumbent f{tratum of air 44 times as thick
as the depth of the water, 10 degrees. Hence we
{ee how very powerfully the water of the ocean,
which is never frozen over, except in very high
latitudes, muft contribute to warm the cold air
which flows in from the polar regions.

But the ocean is not more ufeful in moderating
the extreme cold of the polar regions, than it is in
tempering the exceffive heats of the torrid zone;—
and what 1s very remarkable, the fitnefs of the fea
water to ferve this laft important purpofe is owing
to the very fame caufe which renders it {fo pecu-
liarly well adapted for communicating Heat to the
cold atmofphere in high latitudes, namely, #2 #he
Jfalt which it bolds in folution. |

As the condenfation of falt water with cold con-
tinues to go on even long after it has been cooled to

the temperature at which frefh water freezes, thole
particles
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particles at the furface which are cooled by an
immediate contaé with the cold winds muft de-
fcend, and take their places at the bottom of the
fea, where they muft remain, till, by acquiring an
additional quantity of Heat, their fpecific gravity
1s again diminithed. But this Heat they never can
regain in the polar regions, for innumerable expe-
riments have proved beyond all poffibility of doubt,
that there is no principle of Heat in the interior parts
of the globe, which, by exhaling through the bottom
of the ocean, could communicate Heat to the water
which reits upon it.

It has been found that the temperature of the
earth at great depth under the furface is different
in different latitudes, and there is no doubt but
this is alfo the cafe with refpeét to the temperature
at the bottom of the fea, in as far as it is not influ-
enced by the currents which flow over it; and this
proves to a demonftration that the Heat which we
find to exift, without any fenfible change during
fummer and winter, at great depths, is owing to the
action of the fun, and not to central fires, as fome
have too haftily concluded.

But if the water of the ocean, which, on being
deprived of a great part of its Heat by cold winds,
defcends to the bottom of the fea, cannot be
warmed where it defeends, as its {fpecific gravity is
greater than that of water at the fame depth in
warmer latitudes, it will immediately begin to
fpread on the bottom of the fea, and to flow to-
wards the equator, and this muft neceflarily pro-
duce a current at the furface in an oppofite direc-

tion;
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tion; and there are the moft indubitable proofs
of the exiftence of both thefe currents.

The proof of the exiftence of one of them
would indeed have been quite fufficient to have
proved the exiftence of both, for one of them
could not poflibly exift without the other; but
there are feveral diret proofs of the exiftence of
each of them.

What has been called the gulph ftream, in the
Atlantic Ocean, is no other than one of thefe cur-
rents that at the furface which moves from the
equator towards the north pole, modified by the
trade winds, and by the form of the continent of
North America; and the progrefs of the lower
current may be confidered as proved direftly by
the cold which has been found to exilt in the fea
at great depths in warm latitudes ;—a degree of
temperature much below the mean annual tempe-
rature of the earth in the latitudes where it has
been found, and which of courfe muft have been
brought from colder latitudes.

The mean annual temperature in the latitude of
6%° has been determined by Mr. Kirwan, in his
excellent treatife on the temperature of different
latitudes, to be 39°; but Lord Mulgrave found on
the 20th of June, when the temperature of the
air was 48%°, that the temperature of the fea at the
depth of 4680 feet was 6 degrees below freezing,
or 26° of Fahrenheit’s thermometer.

On the 31t of Auguft, in the latitude of 692,
where the annual temperature is about 38°, the

temperature of the fea at the depth of 4038 feet
was
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was 32°; the temperature of the atmofphere (and
probably that of the water at the furface of the fea)
being at the fame time at 59%°.

But a f{till more ftriking, and I might, I believe,
fay an incontrovertible proof of the exiftence of
currents of cold water at the bottom of the fea,
fetting from the poles towards the equator, is the
very remarkable difference that has been found
- to {ubfift between the temperature of the fea at
the furface and at great depth, at the tropic,—-
though the temperature of the atmolphere there is
fo conitant that the greatelt changes produced in
it by the feafons feldom amounts to more than five
or fix degrees; yet the difference between the Heat
of the water at the furface of the fea, and that at
the depth of 3600 feet, has been found to amount
to no lefs than 31 degrees; the temperature above
or at the furface being 84°, and at the given depth
below no more than §3°*.

It appears to me to be extremely difficult, if
not quite impofiible, to account for this degree of
cold at the bottom of the fea in the torrid zone,
on any other fuppofition than that of cold currents
from the poles; and the utility of thefe currents
in tempering the exceflive heats of thofe climates
is too evident to require any illuftration.

Thefe currents are produced, as we have already
feen, in confequence of the difference in the fpeci-
fic gravity of the fea water at different tempera-
tures; their velocities muft therefore be in pro-

® Phil. Tranfa®tions 1752.
pottion
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portion to the change produced in the fpecific gra
vity of water by any given change of temperature ;
and hence we fee how much greater they muft be
in falt water tham they could poflibly have been
had the ocean been compofed of frefh water.

It 13 not a little remarkable that the water of
all great lakes is frefh, and nearly fo in all inland
feas (like the Baltic) in cold climates, and which
communicate with the ocean by narrow channels.
We fhall find reafon to conclude that this did not
happen without defign, when we confider what
confequences would probably enfue fhould the
waters of a large lake in an inland fituation, in a
cold country, (fuch as the lake Superior, for in-
ftance, in North America,) become as falt as the
fea.

Though the cold winds which blow over the lake
in the beginning of winter would be more warmed,
and the temperature of the air on the {ide of the lake
oppofite to the quarter from whence thefe winds
arrive, would be rendered {fomewhat milder than
it now is; yet, as the water of the lake would give
off an immenfe quantity of Heat before a covering
of ice could be formed on its furface for its pro-
tection, it would, on the return of {pring, be found
to be extremely cold; and as it would require a long
time to regain from the influence of the returning
fun the enormous quantity of Heat loft during the
winter, it would remain very cold during the
fpring, and probably during the greateft part of
the fummer ; and this could not fail to chill the
atmofphere, and check vegetation in the furround-

ll'lg
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Ing country to a very confiderable diftance. And
though a large lake of falt waterin a cold country
would tend to render the winter fomewhat milder
on one fide of it, namely, on the fide oppofite to
the quarter from whence the cold winds came;
yet this advantage would not only be confined toa
fmall traét of country, but would not any where be
very important, and would by no means counter-
balance the extenfive and fatal confequences which
would be produced in fummer by fo large a col-
lection of very cold water.

When the winter is once fairly fet in,—when the
earth is well covered with fnow, and the rivers and
lakes with ice, and more efpecially when the ice
as well as the land is covered with that warm
winter garment, a few degrees more of cold in the
air cannot produce any lafting bad confequences.
It may oblige the inhabitants to ule additional pre-
cautions to guard themfelves, their domeftic ani-
mals, and their provifions, from the uncommon fe-
verity of the weather ; but it can have very little
influence in the temperature of the enfuing fum-
mer ; and even it is probable, if it influences it at
all, that it tends rather to make it warmer than
colder. Lakes of falt water could therefore be of
no real ufe in winter in cold countries, and in fum-
mer they could not fail to be very hurtful; while
frefh lakes, as they are frozen over almoft as foon
as the winter fets in, and long before the whole
mals of their water is cooled down to the tempera-
ture of freezing, they preferve the greater part of

their
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their Heat through the winter, and if they are of
no ufe during the cold feafon, they probably do
little or no harm in fummer.

But I muft take care not to tire my reader by
“purfuing thefe fpeculations too far. If I have per-
{ifted in them,—if I have dwelt on them with pe-
culiar fatisfaction and complacency,—it is becaufe I
think them uncommonly interefting,—and alfo
becaufe I conceived that they might be of real ufe
in this age of refinement and feepticifin.

If, among barbarous nations, the fear of 2
God, and the pratice of religious duties, tend to
{often favage difpofitions, and to prepare the mind
for all thofe fweet enjoyments which refult from
peace, order, induftry, and friendly intercourfe,—
a belief in the exiftence of @ Supreme Intelligence, who
rules and groverns the univerfe with wifdom and
goodnefs, is not lefs effential to the happinels of
thofe who, by cultivating their mental powers,
HAVE LEARNED TO KNOW HOW LITTLE CAN BE

ENOWN.

DESCRIP.
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DESCRIPTION or Tug PLATES.

PLATE. L

H1s Plate reprefents the cylindrical Paflfage
Thermometer ufed in the Experiments, on the
condudting power of liquids with regard to Heat.

Fig 1. a, b, is a fection of the brafs tube in
which the Thermometer ¢, with an oblong copper

bulb, is placed.

e, f, is the glafs tube of the Thermometer, which,
for want of room in the Plate, is reprefented as
broken off at f.

g, is a ftopple of cork by which the end of the
brafls tube, a, 4, is clofed; and

b, isa circular difk of the fame fubftance.

The fpace in the brafs tube below this difk 5, fur-
rounding the bulb of the Thermometer, was occu-
pied by the liquid whole condutting power was
determined. = The {pace between the difk and
the cork ftopper g, was filled with eider-down.

Between the infide of the brafs tube and the
lower part of the bulb of the Thermometer are
feen the wooden pins which ferved to confine the
Thermometer in its place.

Fig. 2. This is an horizontal {ection of the brafs
tube, and a bird’s-eye view of the Thermometer 1n
its place.

VOL. 1L X FLATE
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P L AT 1

Fig. 3. This Figure thows the manner in which
the Experiments were made, in which a cake of ice
at the bottom of a tall glafs jar was thawed by hot
water ftanding on its furface.

@, is an earthen bowl filled with pounded ice:
and water, in which the glafs jar, &, was placed.

¢, dy 1s the level of the upper furface of the ice
in the jar.

e, /5 is the level of the furface of the water
itanding on the ice in the jar.

FND OF THE SEVENTH ESSAV.
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INTRODUCTION.

THIE Effay contains nothing that will be new
to philofophical readers; for it is little more
than the fubftance of two Papers which have
already appeared in the Philofophical Tranfactions
of the Royal Society of London; one in the year
1786 ; and the other (for which the Author had
the honour te receive from the Society the Copleian
Annual Medal) in the year 1792.

As reference has frequently been made to thefe
Papers in feveral of the preceding Effays; and as
many of the Experiments of which an account is
given in them are not only interefting in themfelves,
but are neceflary to be known in all their details
in order to judge of feveral important conclufions
that have been founded on their refults, the Author
has thought that it would not be improper to
republifh them under the prefent form. He was
alfo defirous of adding the fubftance of thofe
Papers to his Sixth and Seventh Effays, in order
that all that he has written on the Science of Heat
might be brought together in one volume.

The Effays which are deftined to compofe the
next volume (many of which are already in great
forwardnefs) are all on practical fubjeéts of a po-
pular nature, and of general utility ; and on that

EE 2 account
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account it was judged beft to keep them feparate
from thofe contained in this volume, which par-
take more of the nature of abftrufe philofophical
inveftigations.

Various unforefeen events have contributed to
retard the publication of the promifed Effays on
Kitchen Fire-places—on Cottage Fire-places—and
on Clothing; but the Author has well-founded
hopes of being able to bring them forward in the;
courfe of a few months.
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Br:§i8a A YUV

Of the PRorAcATION of HEAT in various
Subftances.

e T T b
" CHAP 1

An Account of the Inflruments that were prepared
for making the propofed Experiments.—A Thera
mometer is confiructed whofe Bulb is furrounded
by a TorricELLIAN VacUUuM.—Heat is found

2o pafs in a Torricellian Vacuum with greater Diffi-
culty than in Air.—Relative condulting Powers of
a Torricellian Vacuum and of Air with regard to
Heat determined by Experiment.— Relative condud?-
ing Powers of dry Air and of moift Air.— Relative
conduéting Powers of Air of different Degrees of

- Denfity.— Relative conducting Powers of MER-
CuRYj; WATER; AIR; and a TORRICELLIAN
Vacuum.

[Read before the Rovar SocieTy, March 9, 1786.]

Exammmc the conduting power of air, and of
various other fluid and folid bodies, with re-
gard to Heat, I'was led to examine the conduéting
power of the Torricellian wvacuum. From the ftrik-
ing analogy between the elettric fluid and Heat
relpetting their conductors and non-conduétors,

EE 3 (having
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(having found that bodies, in general, which are
conductors of the elettric fluid, are likewife good
conduétors of Heat, and, on the contrary, that
eleftric bodies, or fuch as are bad conduétors of
the elettric fluid, are likewile bad conduétors of
Heat,) I was led to imagine that the Torricellian
vacuum, which is known to afford fo ready a
paflage to the eletric fluid, would alfo have
afforded a ready paflage to Heat.

The common experiments of heating and cool-
ing bodies under the receiver of an air-pump I con-
ceived to be inadequate to determining this queftion;
not only on account of the impofiibility of making
a perfect void of air by means of the pump; but
alfo on account of the moift vapour, which exhaling
from the wet leather and the oil ufed in the ma-
chine, expands under the receiver, and fills it with
a watery fluid, which, though extremely rare, is
yet capable of conduéting a great deal of Heat: I
had recourfe therefore to other contrivances.

I took a thermometer, unfilled, the diameter of
whofe bulb (which was globular) was juft half an
inch, Paris meafure, and fixed it in the centre of a
hollow glafs ball of the diameter of 13 Paris inch,
in fuch a manner, that the fhort neck or opening
of the ball being foldered faft to the tube of the
thermometer 72 lines above its bulb, the bulb of
the thermometer remained fixed in the centre of
the ball, and confequently was cut off from all
communication with the external air. In the bot-
tom of the glafs ball was fixed a fmall hollow tube

or point, which projeéting outwards was foldered
. to
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to the end of 4 common barometer tube about 32
inches in length, and by means of this opening the
fpace between the internal furface of the glafs ball
and the bulb of the thermometer was filled with
hot mercury, which had been previoufly freed of
air and moifture by boiling. The ball, and alfo
the barometrical tube attached to it, being filled
with mercury, the tube was carefully inverted, and
its open end placed in a bowl in which there was a
quantity of mercury. The inftrument now be-
came a barometer, and the mercury defcending
from the ball (which was now uppermoft) left the
ipace furrounding the bulb of the thermometer free
of air. The mercury having totally quitted the
glafs ball, and having funk in the tube to the height
of 28 inches, (being the height of the mercury in
the common barometer at that time) with a lamp
and a blow-pipe I melted the tube together, or
fealed it hermetically, about three-quarters of an
inch below the ball, and cutting it at this place
with a fine file, I feparated the ball from the long
barometrical tube. The thermometer being after-
wards filled with mercury in the common way, I
now poflefled a thermometer whofe bulb was con-
fined in the centre of a Torricellian vacuum, and
which ferved at the fame time as the body to be
heated, and as the inftrument for meafuring the
Heat communicated.

Experiment, N° 1.

With this inftrument (fee Fig. 1.) I made the
following Experiment. Having plunged it into a
EE 4 veflel
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veflel filled with water, warm to the 18th degree.
of REaumur’s fcale, and fuffered it to remain
there till it had acquired the temperature of the
water, that is to fay, till the mercury in the in-
clofed thermometer ftood at 18° I took it out of
this veflel and plunged it fuddenly into a veffel of
boiling water, and holding it in the water (which.
was kept conftantly boiling) by the end of the tube,
'in fuch a manner that the glafs ball, in the centre:
of which was the bulb of the thermometer, was.
juft fubmerged, I obferved the number of degrees
to which the mercury in the thermometer had
arifen at different periods of time, counted from
the moment of its immerfion. Thus, after it had
remained in the boiling water 1 min. 3o fec. Ifound
the mercury had rifen from 18° to 27°. After.
4 minutes had elapfed, it had rifen to 44°:% 3 and
at the end of 5 minutesit had rifen to 48°7%.

Experiment, N° 2.

Taking it now out of the boiling water I fuffered
it to cool gradually in the air, and after it had ac-
quired the temperature of the atmofphere, which’
was that of 15°R. (the weather being perfectly -
fine) I broke off a little piece from the point of
the fmall tube which remained at the bottom of the
glafs ball, where it had been hermetically fealed, -
and of courfe the atmofpheric air rufhed imme--
diately into the ball. The ball furrounding the
bulb of the thermometer being now filled with air,
(inftead of being emptied of air, as it was in the

before-mentioned Experiment,) I refealed the end
of
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of the fmall tube at the bottom of the glafs ball
hermetically, and by that means cut off all com-
munication between the air confined in the ball and
the external air ; and with the inftrument fo pre-
pared I repeated the Experiment before-mentioned ;
that is to fay, I put it into water warmed to 189,
and when it had acquired the temperature of the
water, I plunged it into boiling water, and obferved
the times of the afcent of the mercury in the
thermometer. They were as follows :

Time Heae
#lapfn:d. ncquirf_-d.
Heat at the moment of being plunged into -
the boiling water, = z . _} 18° R,
M. &

After having remained in the boiling water o .4; :z‘;'r

I ©  344s

210 44,5

2 40 483

4 © 565

L 6oy%
From the rufult of thefe Experiments it appears
evidently, that the Torricellian vacuum, which
affords fo ready a paffage to the eleétric fluid, fo far
from being a good conduétor of Heat, is a much
worle conduétor of it than common air, which of
itfelf is reckoned among the worft: for in the laft
Experiment, when the bulb of the thermometer was
{urrounded with air, and the inftrument was
plunged into boiling water, the mercury rofe from
18°to 27° in 45 feconds ; but in the former Ex-
periment, when it was furrounded by a Torricellian
vacuum, it required to remain in the boiling water &
: minute
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minute 3o feconds = 9o feconds, fo acquire that
degree of heat. In the vacuum it required §
minutes to rife to 48°,% ; but in air it rofe to that
height in 2 minutes 40 feconds ; and the propor-
tion of the times in the other obfervations is nearly
the fame, as will appear by the following Table.

The bulb of the thermometer placed in the
centre of the glafs ball, and

F —_—
furrcunded by a
Torricellian vacuume. furrounded by air.

(Exp. N° 1.) (Exp. N°2.)

Time Heat Time Heat
elapfed. acquired.  elapfed, acquired,
Upon being plunged into 180 §8°
boiling water - E
M. S. a M, 8. =4
After remaining in it I 30 27 0 4% 27
I © 307%
4 © 447 2 10 4475
5 0 4845 2 40 485;
4 o 565y
L 60+

Thefe Experiments were made at Manheim,
upon the firlt day of July 1785, in the prefence of
ProfeffTor Hemmer, of the Eletoral Academy of
Sciences of Manheim, and Charles Artaria, me-
teorological inftrument maker to the academy, by
whom I was aflifted in making them.

Finding the conftruction of the inftrument made
ufe of in thefe Experiments attended with much
trouble and rifk, on account of the difficulty of
foldering the glafs ball to the tube of the thermo-
meter without at the fame time either clofing up,

or otherwife injuring, the bore of the tube, ;
' ha
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bad recourfe to another contrivance much more
 commodious, and much eafier in the execu-
tion.

At the end of a glafs tube or cylinder about
eleven inches in length, and near three quarters of
an inch in diameter internally, I caufed a hollow
globe to be blown 1; inch in diameter, with an
opening in the bottom of it correfponding with the
bore of the tube, and equal to it in diameter,
leaving to the opening a neck or thort tube, about
an inch in length. Having a thermometer prepared,
whofe bulb was juft half an inch in diameter, and
whofe freezing point fell at about 2% inches above
its bulb, I graduated its tube according to Reaumur’s
fcale, beginning at o°, and marking that point, and
alfo every tenth degree above it to 80°, with threads
of fine filk bound round it, which being moiftened
with lac varnifh adhered firmly to the tube. This
thermometer Iintroduced into the glafs cylinder and
globe jult defcribed, by the opening in the bottom
of the globe, having firft choaked the cylinder at
about 2 inches from its junétion with the globe by
heating it, and crowding its fides inwards towards
its axis, leaving only an opening fufficient to admit
the tube of the thermometer. The thermometer
being introduced into the cylinder in fuch a man-
ner that the centre of its bulb coincided with
the centre of the globe, I marked a place in the
cylinder, about three-quarters of an inch above the
8oth degree or boiling point upon the tube of the
inclofed thermometer, and taking out the thermo-
meter, I choaked the cylinder again in this place.

Intro.
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Introducing now the thermometer for the laft
time, I clofed the opening at the bottom of the
globe at the lamp, taking care before I brought it
to the fire, to turn the cylinder upfide down, and
to let the bulb of the thermometer fall into the
cylinder till it refted upon the lower choak in the
cylinder. By this means the bulb of the thermo-
meter was removed more than 3 inches from the
flame of the lamp. The opening at the bottom of
the globe being now clofed, and the bulb of the
thermometer being {fuffered to return into the
globe, the end of the cylinder was cut off to within
about half an inch of the upper choak. This being
done, it is plain, that the tube of the thermometer
projected beyond the end of the cylinder. Taking
hold of the end of the tube, I placed the bulb of
the thermometer as nearly as poffible in the centre
of the globe, and obferving and marking a point in
the tube immediately above the upper choak of the
cylinder, I turned the cylinder upfide down, and
fuffering the bulb of the thermometer to enter the
cylinder, and reft upon the firft or lower choak, (by
which means the end of the tube of the thermo-
meter came further out of the cylinder) the end of
the tube was cut off at the mark juft mentioned,
(care having firlt been taken to melt the internal
cavity or bore of the tube together at that place)
and a fmall folid ball of glafs, a little larger than
the internal diameter or opening of the choak,
was foldered to the end of the tube, forming a
little button or knob, which refting upon the upper
choak of the cylinder ferved to fulpend the thermo-

: meter
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meter in fuch a manner that the centre of its bulb
coincided with the centre of the globe in which it
was fhut up. The end of the cylinder above the
upper choak being now heated and drawn out to
a point, or rather being formed into the figure of
the frultum of a hollow cone, the end of it was
foldered to the end of a barometrical tube, by the
help of which the cavity of the cylinder and globe
containing the thermometer was completely voided
of air with mercury ; when, the end of the cylinder
being bermetically fealed, the barometrical tube
was detached from it with a file, and the thermo-
meter was left completely fhut up in a Torricellian
vacuum, the centre of the bulb of the thermome-
ter being confined in the centre of the glafs globe,
without touching it in any part, by means of the
- two choaks in the cylinder, and the button upon
the end of the tube. (See Fig. 2.)

Of thefe inftruments I provided myfelf with two,
as nearly as poffible of the fame dimenfions; the
one, which I fhall call N’ 1. being voided of air,
in the manner above defcribed ; the other, N 2.
being filled with air, and hermetically fealed.

With thele two inftruments (fee Fig. 2.) I made
the following Experiments upon the rith of July
laft at Manheim, between the hours of ten and
twelve, the weather being very fine and clear, the
mercury in the barometer ftanding at 27 inches 11
lines, Reaumur’s thermometer at 15°, and the
quill hygrometer of the academy of Manheim
at 47°

' Experiments,
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Experiments, N° 3, 4, 5, and 6.

Putting both the inflruments into a mixture of
pounded ice and water, I let them remain there till
the mercury in the inclofed thermometers refted at
the point o°, that is to fay, till they had acquired
exadlly the temperature of the cold mixture ; and
then taking them out of it I plunged them fud.
denly into a large veffel of boiling water, and ob-
ferved the time required for the mercury to rife in
the thermometers from ten degrees to ten degrees,
from o° to 8¢° taking care to keep the water
conftantly boiling during the whole of this time,
and taking care alfo to keep the inftruments im-.
merfed to the fame depth, that is to fay, juft fo
deep that the point o° of the inclofed thermometer
was even with the furface of the water.

Thele Experiments I repeated twice with the ut-
molt care ; and the following Table gives the refult
of them.
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T hermometer N° 1.
Its bulb half an inch in dia-

|diameter, woid of air, and her-
metically fealed.
Taken out of freeming awater,

and plunged into boiling ewater.

meter, fhut up in the centre of|meter, fhut up in the centre off
a hollow glafs globe, 11 inch inja hollow glafs globe, 11 inch in

T hermameicr N° 2. '
Its bulb half an inch in dia-

diameter, filled with air, and her-
metically lealed.

Taken out of freeming waler,
and plunged into boiling water.

Time elapied. Heat

Time elapled.

of henting from o° to 80°.

Total time from 0" to 70°:
M. 8.

InExp. N°g.=11 3

In Exp. N°4.=10 34

—_

Medium—=10 48%

Heat

Exp. N 3. Exp.Nog. acquired; Exp. Nog. Exp. No g, acquired.
D‘q 1 Qﬂ‘
M. S M. S. ° M. S. M. S, -
© 51 o 51 10 030 030 10
© 59 © 59 20 o 3§ 0 37 20
7 S | i 2 30 O 4l O 41 30
1 18 1 22 40 0 49 © 53 40
134 1 23 50 I £ Q@ 59 50
2 O 151 6o 1 24 1 20 6o
33 3 6 70 2.6 Li2aeg 70
11 4I 10 27 do g 10 9 33 S0

22 44 21 1 =totaltime] 16 55 17 3 = total time

of heating from o° to 80°%
Total time from o° to 70°:

e N M. S.

n Exp. N®g.—=7 45

In Exp. N*6.=7 25

——

Medium=+ 35

It appears from thefe Experiments that the con-
du&ting power of air to that of the Torricellian va-
cuum, under the circumftances defcribed, is as 723
to1 0%3' inverlely, or as 1000 to 702 nearly ; for the

quantities of Heat communicated being equal, the
intenfity of the communication is as the times

i!‘lverfel}r.

In thefe Experiments the Heat paffed through the

furrounding medium Jnfo

the bulb of the thermo-
meter
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meter : in order to reverfe the Experiment, and
make the Heat pafs out of the thermometer, I put
the inftruments into boiling water, and let them
remain therein till they had acquired the tempera-
ture of the water; that is to fay, till the mercury
in the inclofed thermometers {tood at 80°; and
then, taking them out of the boiling water, I
plunged them fuddenly into a mixture of water
and pounded ice, and moving them about conti.
nually in this mixture, I obferved the times em-

ployed in cooling as follows :

r T hermometer N° 1. ' T bermometer N° 2.
Surrounded by a Torricellian Surrounded by airs
vACUum.
Taken out of boiling water, and Taken out of boiling water, 54
pPlunged into freezing awater. plunged into freezing water.
Time elapled. Timeeclapfed.
Heat loft. [ Heat loft.
Exp. No7 Exp. N<3. Exp. N2g. Exp.N=jo.
8o0° 8ce
M. S. M. 5. o M. §. M. s, 8
r 2 054 70 © 33 a:33 70
o 58 1 2 6o o 39 B SR -
¥ 17 1 18 50 O 44 0 44 50
I 46 1 37 40 S 55 o5y 40
Z.-1 i 2 16 30 I 17 I 13 30
25 peelY 350 5 20 157 1§57 20
5 42 5 59 10 44 3 40 10
Not oblerved. Not obferved. o 40 10 Not oblerved. o

Total time of cooling from 8c° Total time of cooling from 807

to 10 to 10°%
M. S, M. S.
In Exp. N°7.=16 4 In Exp. N° 9.=9 49
In Exp. N°8.=16 16 In Exp. N° 10.=9 41
Medium=16 10 Medium=g 45 |

By
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By thefe Experiments it appears, that the con-
duting power of air is to that of the Torricellian
vacuum as 9:% to 16%% inverlely, or as 1000 to
603.

To determine whether the fame law would hold
good when the heated thermoneters, inftead of be-
ing plunged into freezing water, were [uffered to
cool in the open air, I made the following Experi-
ments. The thermometers N” 1 and N° 2 being
again heated in boiling water, as in the laft Experi-
ments, I took them out of the water, and fulpend-
ed them in the middle of a large room, where the
air (which appeared to be perfeétly at reft, the win-
dows and doors being all fhut) was warm to the -
16th degree of REaumur’s thermometer, and the
times of cooling were obferved as follows :

$Exp. Nerr.) SExp. N”12.)
T bermometer N* 1. T hermometer N° 2,
Surrounded by a Torricellian g Bl h
vacuum. MEEMIEE S o &t
Heated to 80°, and [ufpended in Heated to 80°, and fufpended in|
the open air ewarm to 16°. the open air warm to 16°.
Time elapfed. Heat loft. Time elapfed. Heart loft.
e EQ“ — EO’T-‘
M. S. o M. s. %
. Not obferved. 70 Not obferved. 70
X 24 6o c 5t 6o
1 44 50 Eone 50
2 28 40 1 54 40
4 16 30 2 41 30
10 12 = total time em- 6 11 = total time em-

ployed in cooling from70°to 30°\ployed in cooling from 70°to 36°.

Here the difference in the conduting powers of
air and of the Torricellian vacuum appears to be
VOL. 1. FF - nearly
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nearly the fame as in the foregoing Experimefits,
being as 6} to 1o inverlely, or as 1000 to 605,
I could not obferve the time of cooling from 80°
to 70° being at that time bufied in fufpending the
inflruments. .

As it might poflibly be objeéted to the conclus
fions drawn from thefe Experiments that, notwith-
ftanding all the care that was taken in the con-
ftruéting of the two inftruments made ufe of that
they fhould be perfeétly alike, yet they might in
teality be f{o far different either in fhape or fize, as
to occafion a very fenfible error in the refult of the
Experiments ; to remove thefe doubts I made the
following Experiments : j

In the morning towards eleven o’clock, the wea-
ther being remarkably fine, the mercury in the ba-
rometer ftanding at 27 inches 11 lines, REAuMUR’s
thermometer at 15°, and the hygrometer at 47°, I
repeated the Experiment N° 3. (of heating the ther-
mometer N° 1 in boiling water, &c.) and imme-
diately afterwards opened the cylinder containing
the thermometer at its upper end, where it had

been fealed, and letting the air into it, Tre-fealed
it hermetically, and repeated the Experiment again.

with the fame inftrument, the thermometer being
now {urrounded with air, like the thermometer

Ne 2.

The refult of thefe Experiments, which may be
feen in the following Table, fhews evidently, that

the error arifing from the difference of the fhapes
‘or dimenfions of the two infiruments in queftion
was inconfiderable, if ‘not totally imperceptible.

15 i
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(Exp. N° 13.)

T hermometer N° 1.
Its bulb half an inch in dia-
meter fhut up in the centre of
a glafs globe 1! inch in dia-
meter, woided of air, and her-
metically {ealed.

T aken out of freezing water,
and plunged into boiling water.

(Exp. N° 14.)
The fam: T hermometer (N° 1.)

The glafs globe, containing
the bulb of the thermometer,
being now filled awith air, and
hermetically fealed.

Taken out of freezing water,
and plunged into boiling water.

Time clapfed. Heat acquired.
)

—— o
M. s. o
o 5% 10
o 5% 20
I 7 30
115 40
1 129 50
23 6o
3 21 70
13 44 do.

24 48 = total time of
heating from o® to 8o".
Total time from o° to 70° =

Time elapfed. Heat acquired,

Dﬂ-
M. 5. o
o 32 10
c 32 20
© 43 3o
© 50 40
I I 50
I 24 6o
z 38 70
1o 2§ 8o

18 5 —total time of
‘heating from o to 80°.
Total time from o° to 50° =

I I If 4}'.'-

7 40"

It appears, therefore, from thefe Experiments,
that the conducting power of common atmofpheric
air is to that of the Torricellian vacuum as 742 to
112 inverfely, or as 1000 to 602 ; which differs
but very little from the refulc of all the foregoing
Experiments.

Notwithftanding that it appeared, from the re-
fult of thefe laft Experiments, that any difference
there might poffibly have been in the forms or
dimenfions of the inftruments N°1 and N°2
could hardly have produced any {fenfible error
in the refult of the Experiments in queftion ; I
was willing, however, to fee how far any con-

FF2 fiderable
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fiderable alterations of fize in the inftrument
would affect the Experiment : I therefore provided
myfelf with another inftrument which I fhall call

Thermometer N° 3. different from thofe already de- .

{cribed in fize, and a little different in its con-
ftruction.

The bulb of the thermometer was of the fame
form and fize as in the inftruments N° 1 and N° 2.
that 1s to fay, it was globular, and half an inch
in diameter ; but the glafs globe, in the centre of
which 1t was confined, was much lafger, being

7 inches 7% lines in diameter ; and the bore of

the tube of the thermometer was much finer,
and confequently its length, and the divifions of
its {cale, were greater. T'he divifions were marked
upon the tube with threads of filk of different
colours at every temnth degree, from o° to 80°
as in the before-mentioned inftruments. The
tube or cylinder belonging to the glafs globe was
8 lines in diameter, a little longer than the tube
of the thermometer, and perfetly cylindrical from
its upper end to its junction with the globe, being
without any choak ; the thermometer being con-
fined in the centre of the globe by a different con-
trivance, which was as follows. To the opening
of the cylinder was fitted a {topple of dry wood,
covered with a coating of hard varnifh, through
the centre or axis of which pafled the end of the
tube of the thermometer : this ftopple confined the
tube in the axis of the cylinder at its upper end.
To confine it at its lower end, there was fitted to it
a fmall fteel fpring, a little below the point 0%
which, being faftened to the tube of the thermo-

. meter,

= e Wl el i
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meéter, had three elaftic points projetting outwards,
which, prefling againft the infide of the cylinder,
confined the thermometer in its place. The total
length of this inftrument, from the bottom of the
globe to the upper end of the cylinder, was 18
inches,and the freezing point upon the thermometer
fell about 3 inches above the bulb; confequently
this point lay about 14 inch above the junétion of
the cylinder with the globe, when the thermometer
was confined in its place, the centre of its bulb
coinciding with the centre of the globe. Through
the ftopple which clofed the end of the cylinder
pafled two fmall glafs tubes, about a line in di-
ameter, which being about a line longer than the
{topple were clofed occafionally with fmall ftopples
fitted to their bores. Thele tubes (which were
fitted exaétly in the holes bored in the great {topple
of the cylinder to receive them, and fixed in their
places with cement) ferved to convey air, or any
- other fluid, into the glafs ball, without its being
neceffary to remove the ftopple clofing the end of
the cylinder; which ftopple, in order to prevent
the pofition of the thermometer from being eafily
deranged, was cemented in its place,

I have been the more particular in the defcription
of thefe inftruments, as I conceive it to be ab-
folutely neceflary to have a perfet idea of them
in order to judge of the Experiments made with.
them, and of their refults.

With the inftrument laflt defcribed (which I have

called Thermomeicr N° 3.) 1 made the following
FF3 Expen-
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Experiment. It was upon the 18th of July 1783,
in the afternoon, the weather variable, alternate
clouds and fun-fhine; wind ftrong at S. E. with
now and then a {prinkling of rain; barometer
at 27 inches 10! lines, thermometer at 18°:, and
hygrometer variable from 44° to extreme moifture.

In order to compare the refult of the Ex-
periment made with this inftrument with thofe
made with the thermometer N° 2. 1 have placed
together in the fame Table the different Experi-
ments made with them,

{Exp. No 1g.) (Exp. No4 and N® 5.)
Thermemeter WO 3- T hermometer WO 2,

Its bulb half an inch in dia- Its bulb half an inch in diameter, fhut
meter, fhut up in the centre of | up in the centre of a glafs globe, 1% inch
a glafs tube, 3 inches 7% lines |in diameter, and furrounded by air-
in diameter, and furrounded by | Taten out of frecming woter, and plunged inte
air. boiling avater.

Taken it :y‘"ﬁfmr#g Toater, ang | ———————
plunged ints boiling wwater. T;ma elapfed. Heéat
acquired.
Time elapfed, Heat acquired. | Exp. No 4. Exp. N 5. Medium.
(el —_ —_— —— =)
M. 5. o M. S. M. 5. M-8 A
o 13 10 c 10 o 10 o 30 10
c 38 20 6 1§ © 17 o 36 20
o 54 30 0 41 O 41 o 41 30
o §I 40 o 49 o 53 o 51 40
B £o Gl o 59 I o 50
1 28 o 1 24 1 20 122 6o
z 28 70 z 45 2 25 2 35 70
9 © 8o g 10 g 33 g 24 %o
16 g9 =total timeof heat-| 16 53 17 16 o = total
ing from o® to 8o°. time of heating {from o® to 802.
Time from o to 70°=17' 55". Time from o® to yot=—7" 15".

If the agreement of thefe Experiments with the

thermometers N°2 and N° 3 furprifed me, I was
not lefs furprifed with their dlfagreement in the
Experiment which follows :

Experi-
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Lxperiment, N° 16.

Taking the thermometer N° 3. out of the boiling
water, I immediately fufpended it in the middle
of a large room, where the air, which was quiet,
was at the temperature of 18°¢ R. and obferved
the times of cooling as follows :

Time elapfed. Heat loft.

s 80°
M. S. o
E 55 7©
0 12 6o
© 33 50
TN E 40
4 © 30

9 55=total time of cooling from 80° to 70°.

Time from 70° to 30°=8’ 0"} but in the Experi-
ment No. 12. with the thermometer N” 2. the
time employed In cooling from #%0° to 30° was
only 6’ 11”. In this Experiment, with the ther-
mometer N° 3. the time employed in cooling from
60° to 30° was 7' 48”; but in the above-mentioned
Experiment, with the thermometer N°2. it was
only 5 20" It is true, the air of the room
was fomewhat cooler when the former Experiment
was made, than when this latter was made, with
the thermometer N° 3 ; but this difference of tem-
perature, which was only 2°%, (in the former cafe
the thermometer in the room ftanding at 16°,
and 1n the latter at 18°},) certainly could not have
FF 4 0CCas
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occafioned the whole of the apparent difference in
the refults of the Experiments,

Does air receive Heat more readily than it parts
with it? This is a queftion highly deferving of
further inveftigation, and I hope to be able to give
it a full examination in the courfe of my projeéted
inquiries ; but leaving it for the prefent, I fhall pro-
ceed to give an account of the Experiments which I
have already made. Conceiving it ta be a ftep of
confiderable importance towards coming at 2
further knowledge of the nature of Heat, to
alcertain, by indifputable evidence, its paffage
through the Torricellian vacuum, and to deter-
mine, with as much precifion as poflible, the law
of its motions in that medium; and being appre-
henfive that doubts might arife' with refpett to the
Experiments before defcribed, on account of the
contaét of the tubes of the inclofed thermometers in
the inftruments made ufe of with the containing
glals globes, or rather with therr cylinders: by
means of which (it might be fufpected) that a cer-
tain quantity, if not all the Heat acquired, might
poflibly be communicated ; to put this matter
beyond all doubt, I made the following Experi.
ment.

In the middle of a glafs body, of a pear-like
form, about 8 inches long, and 2! inches in its
greateft diameter, I fufpended a fmall mercurial
thermometer, 5% inches long, by a fine thread of
filk, in fuch a manner that neither the bulb of the
thermometer, nor its tube, touched the contain-
ing glafs body in any part. The tube of the ther-

mometer
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mometer was graduated, and marked with fine
threads of filk of different colours, bound round
it, ‘as in the thermometers belonging to the other.
inftruments already defcribed ; and the thermome-
ter was [ufpended in its place by means of a fmall
fteel {pring, to which the end of the thread of filk
which held the thermometer being attached, it
(the Ipring) was forced into a fmall globular pro-
tuberance or cavity, blown in the upper extremity
of the glafs body, about half an inch in diameter,
where the {pring remaining, the thermometer ne-
ceffarily remained fufpended in the axis of the glafs
body. There was an opening at the bottom of
the glafs body, through which the thermometer
was Introduced; and a barometrical tube being
foldered to this opening, the infide of the glafs
body was voided of air by means of mercury;
and this opening being afterwards fealed herme-
tically, and the barometrical tube being taken away,
the thermometer was left fulpended in a Tor.
ricellian vacuum.

In this inftrument, as the inclofed thermometer
did not touch the containing glafs body in any part,
on the contrary, being diftant from its internal
furface an inch or more in every part, it is clear,
that whatever Heat pafled info or out of the ther-
mometer mult have pafled #hrough the furrounding
Torricellian vacuum : for 1t cannot be fuppofed,
that the fine thread of filk, by which the ther-
mometer was fufpended, was capable of conduét-
ing any Heat at all, or at lealt any fenfible quantity.
{ therefore flattered mylelf with hopes of being

able,
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able, with the affiftance of this inftrument, to
determine pofitively with regard to the paffage
of Heat in the Torricellian vacuum: and this, I
think, I have done, notwithftanding an unfortu-
nate accident that put it out of my power to purfue
the Experiments fo far as I intended.

This inftrument being fitted to a finall ftand or
foot of wood, in fuch a manner that the glafs body
remained in a perpendicular fituation, I placed it in
my room, by the fide of another inclofed ther-
mometer (N°2.), which was furrounded by air,
and obferved the effeéts produced on it by the
variation of Heat in the atmofphere. I {oon dif-
covered, by the motion of the mercury in the in-
clofed thermometer, that the Heat paffed through
the Torricellian vacuum; but it appeared plainly
from the fluggithnefs, or great infenfibility of
the thermometer, that the Heat paffed with much
greater difficulty in this medium than in common
air. I now plunged both the thermometers into a
bucket of cold water; and I obferved that the
mercury in the thermometer furrounded by air
defeended much fafter than that in the thermome-
ter furrounded by the Torricellian vacuum. I took
them out of the cold water, and plunged them
into a veflel of hot water (having no conveniencies
at hand to repeat the Experiment in due form with
the freezing and with the boiling water); and the
thermometer furrounded by the Torricellian va«

cuum appeared {till to be much more infenfible or
fluggith than that furrounded by air.

Thefe
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Thefe trials were quite fufficient to convince
me of the paffage.of Heat in the Torricellian
vacuum, and alfo of the greater difficulty of its
'paﬁ'age in that medium than in common air ; but,
not fatisfied to reft my inquiries here, I took the
firft opportunity that offered, and fet mylfelf to
repeat the Experiments which I had before made
with the inftruments N° 1 and N°2. I plunged
this inftrument into a mixture of pounded ice and
water, where I let it remain till the mercury in the
inclofed thermometer had delcended to o°; when,
taking it out of this cold mixture, I plunged it
fuddenly into a veflel of boiling water, and pre-
pared myfelf to obferve the alcent of the mercury
in the inclofed thermometer, as in the foregoing
Experiments; but unfortunately the moment the end
of the glafs body touched the boiling water, it
cracked with the Heat at the point where it had
been hermetically fealed, and the water rufhing into
the body, fpoiled the Experiment : and I have not
fince had an opportunity of providing mylelf with
another inftrument to repeat it.

It having been my intention from the beginning
to examine the conducting powers of the artificial
airs or gaffes, the thermometer N° 3. was con-
firuéted with a view to thofe Experiments ; and
having now provided myfelf with a {tock of thofe
different kinds of airs, I began with fixed air, with
which, by means of water, I filled the globe and
cylinder containing the thermometer; and {topping
up the two holes in the great ftopple clofing the
end of the cylinder, 1 expofed the inftrument in

| freezing
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freezing water till the mercury in the inclofed
thermometer had defcended to o°; when, taking
it out of the freezing water, I plunged it into a
large veflcl of boiling water, and prepared myfelf
to obferve the times of heating, as in the former
cafes; but an accident happened, which fuddenly
put a ftop to the Experiment. Immediately upon
plunging the inftrument into the boiling water, the
mercury began to rife in the thermometer with
fuch uncommon celerity, that it had paffed the firfk
divifion upon the tube (which marked the 1oth
degree, according to REauMUR’s fcale) before I
was aware of its being yet in motion ; and having
thus mifled the opportunity of obferving the time
elapled when the mercury arrived at that point, T
was preparing to oblerve its paflfage of the next,
when all of a fudden the ftopple clofing the end of
the cylinder was blown up the chimney with a
great explofion, and the thermometer, whizh, be-
ing cemented to it by its tube, was taken along
with it, and was broken to pieces, and deftroyed
in its fall.

This unfortunate Experiment, though it put a
ftop for the time to the inquiries propofed, opened
the way to other refearches not lefs interefting.
Sufpetting that the explofion was occafioned by the
rarcfadtion of the water which remained attached
to the infide of the globe and cylinder after the
operation of filling them with fixed air; and
thinking it more than probable, that the uncom-
mon celerity with which the mercury rofe in the

thermometer was principally owing to the fame
caule,
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caufe, T was led to examine the condulling
power of moi/ air, or air faturated with water.

For this Experiment I provided myfelf with a
new thermometer N°® 4. the bulb of which, being
of the fame form as thofe already defcribed (wiz.
globular ) was alfo of the fame fize, or half an inch
in diameter. To receive this thermometer a glafs
cylinder was provided, 8 lines in diameter, and
about 14 inches long, and terminated at one end
byla globe 1! inch in diameter. In the centre of
this globe the bulb of the thermometer was con-
fined, by means of the ftopple which clofed the
end of the cylinder; which flopple, being near
2 inches long, received the end of the tube of
the thermometer into a hole bored through its
centre or axis, and confined the thermometer in its
place, without the afliftance of any other appara-
tus. Through this ftopple two other fmall holes
were bored, and lined with thin glafs tubes, as in
the thermometer N° 3. opening a paffage into the
cylinder, which holes were occafionally ftopped up
with ftopples of cork ; but to prevent accidents,
fuch as I have before experienced from an ex-
plofion, great care was taken not to prefs thefe
{topples into their places with any confiderable force,
that they might the more eafily be blown out by any
confiderable effort of the confined air, or vapour.

Though in this inftrument the thermometer
was not altogether {o fteady in its place as in the
thermometers N° 1, N° 2, and N° 3. the elafticity
of the tube, and the weight of the mercury in the
bulb of the thermometer,” occafioning a f{mall

vibration
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vibration or trembling of the thermometer upom
any fudden motion or jar; yet I preferred this
method to the others, on account of the lower part
of this thermometer being entirely free, or fuf-
pended in fuch a manner as not to touch, or have
any communication with, the lower part of the
eylinder or the globe : for though the quantity of
Heat received by the tube of the thermometer at
its contact with the cylinder at its choaks, in the
inftruments N° 1 and N° 2. or with the branches
of the fteel [pring in N° 3. and from thence com-
municated to the bulb, mult have been exceedingly
fmall; yet I was defirous to prevent even that, and
every other poflible caufe of error or inaccuracy.

Does humidity augment the condutting power
of air?

To determine this queftion I made the following
Experiments, the weather being clear and fine, the
mercury in the barometer ftanding at 27 inches 8
lines, the thermometer at 19°, and the hygrometer

at 44°.

=
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(Exp. N° 17.) (Exp. N* 18.)
T hermometer N° 4. The fame Thermometer (N® 4.)
Surrounded by air dry to| Surrounded by air rendered
the 44th degree of the quill | as moiff as poffible by wettin
hygrometer of the Manheim | the infide of the cylinder an
ﬁ.caderﬂ}r. i g‘tube with water.
Taken out of freexing awater, | Taken out of freexing water,
and plunged into boiling water. | and plunged into boiling wwater.

Time elapied. Heart acquired. 'TI‘_ime elapfed. Heat acquired.
— 802 A o°
M. s. - M. S. o
o 34 o o 6 10
o 39 20 o 4 20
O 44 30 B 30
o §I 40 o 9 40
F R 50 o 18 50
1 3% Go o 26 6o
2 40 70 o 43 70
not obferved. 8o 7 4% 8o
., 8 9 =total time of I 51 = total time of|,
heating from o° to 70% heating from o° to 70°.

From thele Experiments it appears, that the con-
du&ting power of air is very much increafed by hu-
midity. To fee if the fame refult would obtain
when the Experiment was reverfed, I now took the
thermometer with the moj/2 air out of the boiling
water, and plunged it into freezing water; and
moving it about continually from place to place in
the freezing water, I obferved the times of cooling,
as fet down in the following Table. N. B. To com-
pare the refult of this Experiment with thofe made
with dry air, 1 have placed on one fide in the fol-
lowing Table the Experiment in queftion, and on
the other fide the Experiment N° 19. made with

the thermometer N° 2,
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(Exp. N° 19.) (Exp. N° 10.)
Thermometer N° 4. Thermometer N° z.
Surrounded by moif air. Surrounded by dry air.
Taken out of boiling water,| Taken out of boiling awater,
and plunged into freezing water. | and plunged into freezing awater.
Time elapfed. Heat loft. Time elapled. Hear loit.
fio® 8or
M. 5. < M. S. ,,
Chisat 70 Q5% 79
o 14 6o o 34 6o
o 31 50 o 44 50
o5 40 £ 55 48
1 22 30 I 18 30
Zi 3 20 I 57 20
& 2 1o i 3 40 IO
8 = total time of g 1z = total time of
cooling from 8o” to 10" cooling from 80° to 10°.

Though the difference of the whole times of
cooling from 86° to 10° in thefe two Experiments
appears to have been very fmall, yet the difference
of the times taken up by the firlt twenty or thirty
degrees from the boiling point is very remarkable,
and fhows with how much greater facility Hear
pafles in moift air than in dry air. Even the flow-
nefs with which the mercury in the thermometer
N° 4. defcended in this Experiment from the 3oth
to the 2oth, and from the 2oth to the 1oth degree,
I attribute in {ome meafure to the great conducting
power of the moift air with which it was fur-
rounded ; for the cylinder containing the thermo-
meter and the moilt air, being not wholly fubmerged
in the freezing water, that part of it which remained
cut of the water was neceflarily furrounded by the

S air
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air of the atmofphere ; which being much warmer
than the water, communicated of its Heat to the
glafs ; which, pafling from thence into the con-
tained moift air as foon as that air became colder
than the external air, was, through that medium,
communicated to the bulb of the inclofed thermo-
meter, which prevented its cooling fo faft as it
would otherwife have done. But when the weather
becomes cold, I propofe to repeat this Experiment
with variations, in fuch a manner as to put the mat-
ter beyond all doubt. In the mean time I cannot
help obferving, with what infinite wif{dom and good-
nefs Divine Providence appears to have guarded us
againft the evil effelts of exceffive Heat and Cold
in the atmofphere; for if it were pofiible for the
air to be equally damp during the fevere cold of the
winter months as it {fometimes is in fummer, its
conduting power, and confequently its apparent
coldnefs, when applied to our bodies, would be fo
much increafed, by fuch an additional degree of
moifture, that it would become quite intolerable ;
but, happily for us, its power to hold water in fo-
lution is diminifhed, and with it its power to rob us
of our animal heat, in proportion as its coldnefs
is increafed. Every body knows how very dif-
agreeable a very moderate degree of cold is when
the air is very damp; and from hence it appears,
why the thermometer is not always a juft meafure
of the apparent or fenfible Heat of the atmofphere.
If colds or catarrhs are occafioned by our bodies
being robbed of our animal heat, the reafon is
plain why thofe diforders prevail moft during the
 VOL. IL G G cold
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cold autumnal rains, and upon the breaking up of
the froft in the fpring. It is likewife plain from
whence it is that fleeping in damp beds, and in-
habiting damp houfes, is fo very dangerous; and
why the evening air is fo pernicious in fummer and
in autumn, and why it is not fo during the hard
frofts of winter. It has puzzled many very able
philofophers and phyficians to account for the
manner in which the extraordinary degree or rather
quantity of Heat is generated which an animal body
1s fuppofed to lofe, when expofed to the cold of
winter, above what it communicates to the fur-
rounding atmofphere in warm fummer weather ;
but is it not more than probable, that the difference
of the quantities of Heat, atually loft or commu-
nicated, is infinitely lefs than what they have ima-
gined ? Thefe inquiries are certainly very intereft-
ing ; and they are undoubtedly within the reach
of well contrived and well conduéted Experiments.
But taking my leave for the prefent of this curious
{fubject of inveftigation, I haften to the fequel of my
Experiments. '

Finding fo great a difference in the conducting
powers of common air and of the Torricellian va-
cuum, I was led to examine the conduéting powers
of common air of different degrees of denfity.
For this Experiment I prepared the thermometer
N°® 4. by {tepping up one of the fmall glafs tubes
pafling through the ftopple, and opening a paflage
into the cylinder, and by fitting a valve to the ex-
ternal overture of the other. The inftrument,

thus prepared, being put under the receiver of an
air~

el
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air-purhp, the air paffed freely out of the globe and
cylinder upon working the machine, but the valve
above defcribed prevented its return upon letting
air into the receiver. The gage of the air-pump
thowed the degree of rarity of the air under the re-
ceiver, and confequently of that filling the globe and
cylinder, and immediately furrounding the ther-
mometer.

With this inftrument, the weather being clear
and - fine, the mercury in the barometer {tanding
at 27 inches g lines, the thermometer at 15°, and
the hygrometer at 47°, I made the following Ex»
periments.

{Exp. N® 20.)
Thermameter NO 4.
Surrounded by com-
mon  air,  barometer
ftanding at z7 inches
g lines.

Taken out of freeming
water, and plunged into

[Exp. N9 z1.)
Thermonerer N° 4.
Surrounded by air ra-

refied by pumpingtill the
barometer-gage ftood at
6 inches 11} lines.
Taken out of freesming
watery and plunged into

{Exp. No 22.)
Thermameter N© g
Surrounded by air ra-
refied bypumping till the
barometer-gage ftood at
t inch 2 lines.

Taken cut of freesing

twater, and plunged into

T e ——

7 36 = total time
of heatng from o° to
L'j"{:l':'.

7 37 = total time
of heating from o° to
70°%.

beiling avarer. boiling water. boiling wwarer.
Time Heat Time Heat Time Heat
elapfed. acquired, elapfed. acquired. elapfed. acquired.
oo —— ao s Pl
M. 8. o M. 5. ° M. S. o
- 03I 10 O 31 1 = 14] 19
o 40 20 o 18 20 o 36 20
O 41 30 o 44 30 © 49 30
o 47 40 o 51 40 R 40
I 4 50 L7 50 AT 50
I 25 6o 119 6o 124 6o
2 23 70 2 27 20 241 ° 7o
10 I7 8o Io 21 o not obferved. Beo

7 §1 = total time
of heating from o% to
Tgb.

The refult of thele Experiments, I confefs, fur-
priled me not a little; but the difcovery of truth

GG 2
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being the fole object of my inquiries (having no
favourite theory to defend) it brings ne difappoint.
ment along with it, under whatever unexpetted
fhape it may appear. I hope that further Experi-
ments may lead to the difcovery of the caufe why
there is {o little difference in the conduéting powers
of air of fuch very different degrees of rarity, while
there is fo great a difference in the conducting
powers of air, and of the Torricellian vacuum. At
prefent, I fhall not venture any conjetures upon
the fubject; but in the mean time I dare to affert,
that the Experiments I have made may be de-
pended on.

_The time of my ftay at Manheim being expired
(having had the honour to attend thither his moft
Serene Highnefs the Elettor Palatine, reigning
Duke of Bavaria, in his late journey), I was pre-
vented from purfuing thefe inquiries further at
that time ; but I fhall not fail to recommence them
the firft leifure moment I can find, which I fancy
will be about the beginning of the month of No-
vember. In the mean time, to enable myfelf to
purfue them with effect, 1 am fparing neither la-
bour nor expence to provide a complete apparatus
neceflary for my purpofe; and his Electoral High-
nefs has been gracioufly plealed to order M. Ar-
TaRIA (who is in his fervice) to come to Munich
to aflift me. With fuch a Patron as his moft Se-
.rene Highnefs, and with fuch an afliftant as Ar-
TARIA, I fhall go on in my purfuits with chearful-

nefs,  Would to God that my labours might be

cds
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as ufeful to others as they will be pleafant to
me !

I fhall conclude this chapter with a fhort account.
of fome Experiments I have made to determine
the conduéting powers of water and of mercury 3
and with a table, {howing at one view the conduét-
ing powers of all the different mediums which I
have examined.

Having filled the glafs globe inclofing the bulb
of the thermometer N° 4, firft with water, and then
with mercury, I made the following Experiments,
to alcertain the conduéting powers of thofe two
Fluids.

(Exp. N® 23.) (Bxp. N® 24, 25, and 26.)
Thermonreter W 4. Thermomerer W° 4.
Surrounded by wwarer. Surrounded by merenry.
Taker: out of freeming water, and| Taken out of freeming wwatery and plunged into
plunged into beiling wwarer. beiling qwarer.
Time clapfed.
Time clapfed. Heat acquired. g ci;:li;?rtm‘..
Ex, N®24. Ex. N%a25. Ex. N°26.
——— -D‘n‘ n'}
M. 5. o M. 5. M. 5. M. 5.
o 1g 10 a g o 3 o 5 1c”
o B 20 (- . o z o 5 20
o 9 30 o 2 o 2 o 4 30
o i1 40 o 4 o 5 o 5 40
013 £0 o 4 ° 4 o = 50
o 21 6o G 0 & o 3 6o
o 14 7o 015 © 9 o1 70
2 13 Ho Notohferved.o 58 Not obferved. Bo
1 57 = total time of hzat- D 4l 0 31 o 43 = total
ing from o° to 70°. times of heating irom o® to 70°.

The total times of heating from o° to #0° in the
three Experiments with mercury being 41 feconds,
GG 3 31 feconds,
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31 feconds, and 48 feconds, the mean of thele
times is 36+ feconds; and as in the Experiment
with water the time employed in acquiring the
fame degree of Heat was 1° 57" = 117 feconds, it
appears from thefe Experiments, that the conduét-
ing power of mercury to that of water, under the
circumfitances defcribed, is as 363 to 117 inverfely,
or as 1000 to 313. And hence it is plain, why
mercury appears {fo much hotter, and fo much
colder, to the touch than water, when in faét it is
of the fame temperature : for the force or violence
of the fenfation of what appears bt or cold depends
not entirely upon the temperature of the body ex-
citing in us thofe fenfations, or upon the degree of
Heat it actually poffefles, but upon the guantity of
Heat it is capable of communicating to us, or re-
ceiving from us, in any given fhort period of time,
or as the intenfity of the communication ; and this

depends in a great meafure upon the conduéting

powers of the bodies in queftion,

The fenfation excited in us when we touch any
thing that appears to us to be hot 1s the entrance
of Heat into our bodies; that of cold 1s its exit;
and whatever contributes to facilitate or accelerate
this communication adds to the violence of the
fenfation. And this is another proof that the ther-
mometer cannot be a juft meafure of the intenfity
of the fenfible Heat, or Cold, exilting in bodies ; or
rather, that the touch does not afford us a jult n-
dication of their rea/ temperatures.

5 b
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- A TABLE of the conpucTing PoweRrs of the under-
mentioned MEDIUMS as determined by the jfore-
going Experiments.

Thermometer N 4.

——

e E——

Taken out of freezing awater, and plunged into beiling water.

Time cr}apf;ﬂd.

LES - s — ::- — = — s
| " i " oy =
e = n{i e “_u"". o o T =
i i e e B R
SXE | 822 |Ez% 42| =2 | 22 | 222 (%
u = ., b = R (85, & - = s o2 @ o
Eet | BEL|585 555 =5 ) "5 | 3558
i B ) s i - U= = e
| —— - ——— e — n‘J
M. 5. M.S M. 8. M.S. M. 5. M. 5. M. o
© L2 (i | o 3t Lozg o B o 1y (- 16
o 58 o 40 o 38 o 36 o 4 o 3 o 33|20
Iz o 4t o 44 ° 49 | e 5 o g o z2%}| 30
1 1% o 47 0 g1 R | o g o 11 e 43| 40
T 2% I 4 r 7 5 (A | o 13 o I o g 50
1 53 T E I Ig 123 o 26 o 21 o 6 bo
7 19 z 23 2 27 2 3x o 43 o 34 o 12 70
L 57 10 17 12 21 7 4% 2 i3 o ¢4 | 3o
I

10 23 7 36 7 37 7 51 1 53 L 47 o 36§=total
times of heatinz from o2 to 700,

In determining the relative conduéting powers
of thefe mediums, 1 have compared the times
of the heating of the thermometers from o° to 70°
inftead of taking the whole times from o° to 80°,
and this I have done on account of the fmall vari-
ation in the Heat of the boiling water arifing from
the variation of the weight of the atmofphere, and
alfo on account of the very flow motion of the
mercury between the 7oth and the 8oth degrees,
and the difficulty of determining the precile mo-

G 4 ment
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ment when the mercury arrives at the S8oth
degree.

Taking now the conducting power of mercury
= 1000, the condutting powers of the other me-
~ diums, as determined by thefe Experiments, will
be as follows, wiz.

Mercury - - - 1000
Moift air - - - 330
Water . - - 233
Common air, denfity=1 80:%%
Rarefied air, denfity = £ 80+%'s
Rarefied air, denfity =% 28
The Torricellian vacuum 55

-~

And in thefe proportions are the quantities of Heat
which thefe different mediums are capable of tran{-

mitting in any given time ; and confequently thefe

numbers exprefs the relative fenfible temperatures
of the mediums, as well as their condutting
powers. How far thefe decifions will hold good
under a variation of circumftances experiment
only can determine. This is certainly a fubje&
of inveftigation not lefs curious in itfelf than it
is interefting to mankind ; and I wifh that what I
have done may induce others to turn their atten-
tion to this long neglefted field of experimental
inquiry. For my own part, I am determined not
to quit it,

In the future profecution of thefe inquiries, I do
not mean to confine mylelf folely to the determin-

ing
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ing of the conduting powers of Fluids; on the

contrary, folids, and particularly fuch bodies as.

are made ufe of for cloathing, will be principal
fubjetts of my future Experiments. I have indeed
already begun thefe refearches, and have made fome
progrefs in them; but I forbear to anticipate a
matter which will be the fubjett of a future com-
munication.



[ 428 ]

CHAF SE

The relative Warmth of wvarious Subffances ufed
i making artificial Cloathing, determined by Ex-
periment.— Relative Warmth of Coverings of the
Jame Thicknefs, and formed of the fame Subfance,
but of diffcrent Denfities.—Relative Warmth of
Coverings formed of equal Quantities of the fame
Subftance, difpsfed in different Ways.—Experi-
ments made with a View to determining how far the
Power which certain Bodies poffefs of eonfining
Heat depends on their chemical Properties.—Ex-
periments with Charcoal —gith Lampblack—with
Woodathes—Striking Experiments with Semen
Lycopodii.—Al thefe Experiments indicate that the
Air awhich occupies the Interflices of Subflances
zfed in forming Coverings for confining Heat, acls a 1
wvery important Part in that Operation.~Thofe Sub-
Pances appear to prevent the Air from condulting
the Heat.—An Inquiry concerning the Manner in
which this is effeéted.—This Inquiry leads to a

_ decifive Experiment from the Refult of which it
appears that Air is a perfect Non-conduétor of
Heat.—This Difcovery affords the Means of ex-
plairing a Variety of intergfting Phenomena in the
(Economy of Nature.

fRead before the RovaL SocieTy, January 19, 1792.]
a-]— HE confining and directing of Heat are objects

of fuch vaft importance in the ceconomy of

human life, that I have been induced to confine my
refearches




Of the Propagation of Heat, &c. 429

refzarches chiefly to thofe points, conceiving that
very great advantages to mankind could not fail to
be derived from the difcovery of any new falts re-
lative to thefe operations.

If the laws of the communication of HEIU: from
one body to another were known, meafures might
be taken with certainty, in all cafes, for confining

it, and dire&ing its operations, and this would not .

only be produétive of great ceconomy in the articles
of fuel and clothing, but would likewile greatly
increafe the comforts and conveniencies of life;
objeéts of which the philofopher fhould never lofe
fight.

The route which I have followed in this inquiry
is that which I thought bid faireft to lead to ufeful
difcoveries. Without embarrafling myfelf with any
particular theory, I have formed to myfelf a plan of
experimental inveftigation, which I conceived would
condu& me to the knowledge of certain fadls, of
which we are now ignorant, or very imperfeétly in-
formed, and with which it is of confequence that
we fhould be made acquainted.

The firft great object which I had in view in this
enquiry was to afcertain, if poflible, the caufe of the
warmth of certain bodies ; or the circumftances
upon which their power of confining Heat depends.
This, in other words, is no other than to determine
the caufe of the conducling and non.conduéting
power of bodies, with regard to Heat.

To this end I began by determining by aftual
#xperiment the relative condutting powers of va-

1ious
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rious bodies of very different natures, both fluids
and folids, of fome of which Experiments I have
already given an account in the Paper above men-
tioned, which is publithed in the Tranfa&ions of
the Royal Society for the year 1786; I thall now,
taking up the matter where I left it, give the con-
tinuation of the hiftory of my refearches.

Having difcovered that the Torricellian vacuum
is a much worle conductor of Heat than common
air, and having afcertained the relative conduéting
powers of air, of water, and of mercury, under dif-
ferent circumitances, I proceeded to examine the
condudting powers of various folid bodies, and par-
ticularly of fuch fubftances as are commonly made
ufe of for clothing.

The method of making thefe Experiments was as
follows : a mercurial thermometer, (fee Fig. 4,)
whofe bulb was about %3 of an inch in diameter,
and its tube, about 10 inches in length, was fuf-
pended in the axis of a cylindrical glafs tube, about
4 of an inch in diameter, ending with a globe 1.5%
mch 1n diameter, in {fuch a manner that the centre
of the bulb of the thermometer occupied the centre
of the globe; and the fpace between the internal
furface of the globe and the furface of the bulb of
the thermometer being filled with the fubftance
whofe conducting power was to be determined, the
inftrument was heated in boiling water, and after-
wards being plunged into a freezing mixture of
pounded ice and water, the times of cooling werée
obferved, and noted down.

1
F
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The tube of the thermometer was divided at

every tenth degree from o°, or the point of freezing,

to 80°% that of boiling water, and thefe divifions
being marked upon the tube with the point of a
diamond, and the cylindrical tube being left empty,
the height of the mercury in the tube of the ther-
mometer was feen through it.

The thermometer was confined in its place by
means of a ftopple of cork, about 1% inch long,
fitted to the mouth of the cylindrical tube, through
the centre of which ftopple the end of the tube of
the thermometer pafled, and in which it was ce-
mented. '

The operation of introducing into the globe the
fubftances whofe conductting powers are to be de-
termined, is performed in the following manner;
the thermometer being taken out of the cylindrn-
cal tube, about two-thirds of the {ubflance which 1s
to be the fubjeét of the Experiment are introduced

into the globe; after which, the bulb of the ther-

mometer is introduced a few inches into the cylin-
der; and, after it, the remainder of the fubftance
being placed round about the tube of the thermo-
meter; and laltly, the thermometer being intro-
duced farther into the tube, and Leing brought into
its proper place, that part of the fubftance which,
being introduced laft, remains in the cylindrical
tube above the bulb of the thermometer, is puthed
down into the globe, and placed equally round
the bulb of the thermometer by means of a
brafs wire which is paffed through holes made for

16 that
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that purpofe in the ftopple clofing the end of the
cylindrical tube.

As this inftrument is calculated merely for mea-
furing the paflage of Heat in the fubftance whofe
condutting power is examined, I fhall give it the
name of paffage-thermometer, and I fhall apply the
fame appellation to all other inftruments conftruéted
upon the fame principles, and for the fame ufe,
which I may in future have occafion to mention ;
and as this inftrument has been fo particularly de-
fcribed, both here, and in my former Paper upon
the fubject of Heat, in peaking of any others of the
fame kind in future it will not be neceflary to enter
into fuch minute details. 1 fhall, therefore, only
mention their fizes, or the diameters of their bulbs,
the diameters of their globes, the diameters of their
cylinders, and the lengths and divifions of their
tubes, taking it for granted that this will be quite
fufficient to give a clear idea of the inftrument.

In moft of my former Experiments, in order to
afcertain the conduéting power of any body, the
body being introduced into the globe of the paffage-
thermometer, the inftrument was cooled to the
temperature of freezing water, after which, being
taken out of the ice water, it was plunged fuddenly
into boiling water, and the times of heating from
ten to ten degrees were obferved and noted; and I
faid  that thefe times were as the conducting power
of the body inverfely ; but in the Experiments of
which I am now about to give an account, I have

in general reverfed the operation; that is to fay,
inftead
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inftead of obferving the times of heating, I have
firft heated the body in boiling water, and then
plunging it into a mixture of pounded ice and ice-
coldwater,] have noted the times taken up incooling.

I have preferred this laft method to the former,
not only on account of the greater eafe and conveni-
ence with which a thermometer, plunged into a mix-
ture of water, may be obferved, than when placed in
a veflel of boiling water, and furrounded by hot
fteam, but alfo on account of the greater accuracy
of the Experiment, the heat of boiling water va-
- rying with the variations of the preflure of the at-
mofphere: confequently the Experiments made
upon different days will have different refults, and
of courfe, {trictly fpeaking, cannot be compared
together ; but the temperature of pounded ice and
water is ever the fame, and of courfe the refults of
the Experiments are uniform.

In heating the thermometer, I did not in general
bring it to the temperature of the boiling water, as
this temperature, as [ have juft obferved, is variable ;
but when the mercury had attained the 75° of its
fcale, I immediately took it out of the boiling
water, and plunged it into the ice and water;
or, which I take to be ftill more accurate, fuifering
the mercury to rife a degree or two above 75°, and
then taking it out of the boiling water, I held it
over the veflel containing the pounded ice and
water, ready to plunge it into that mixture the mo-
ment the mercury, defcending, paffes the 75°.

Having a watch at my ear which beat half fe-
conds (which I counted), I noted the time of the

paflage
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paffage of the mercury over the divifions of the
thermometer, marking 70° and every tenth degree
from it, defcending to 10° of the fcale. I continued L
the cooling to o°, or the temperature of the ice and ]
water, in very few inftances, as this took up much
time, and was attended with no particular ad- g
vantage, the determination of the times taken up in 4'
cooling 60 degrees of Reaumur’s feale, that is to
fay, from 70° to 10° being quite fufficient to afcer-
tain the condutting power of any body whatever.

During the time of cooling in ice and water, the
thermometer was conftantly moved about in this
mixture from one place to another ; and there was
always fo much pounded ice mixed with the water,
that the ice appeared above the furface of the water;
the veflel, which was a large earthen jar, being firft
quite filled with pounded ice, and the water being
afterwards poured upon it, and frefh quantities of
pounded ice being added as the occafion required. )

[aving defcribed the apparatus made ufe of im '
thefe Fxperiments, and the manner of perf:}rming
the different operations, I fhall now proceed to give
an account of the Experiments themfelves.

My firft attempt was to difcover the relative con-
duéing powers of fuch fubftances as are commonly
made ufe for clothing; accordingly, having pro-
cured a quantity of raw filk, as {pun by the worm,
Sheep’s wool, cotton wool, linen in the form of the
fineft lint, being the fcrapings of very fine Infh
linen, the fineft part of the fur of the beaver fepa-
rated from the fkin, and from the long hair, the
finelt part of the fur of a white Ruffian bare, and

. Eider |
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Eider down ; 1 introduced fucceflively 16 grains in
weight of each of thefe fubftances into the globe of
the paffage-thermometer, and placing it carefully
and equally round the bulb of the thermometer, I
heated the thermometer in boiling water, as before
defcribed, and taking it out of the boiling water,
plunged it into pounded ice and water, and ob-
ferved the times of cooling.

But as the interftices of thefe bodies thus placed
in the globe were filled with air, I firft made the
Experiment with air alone, and took the refult of
that Experiment, as a ftandard by which to com-
pare all the others; the refults of three Experis
ments with air were as follows :

The bulb of the thermometer furrounded by air.
Exp. No, :-?Exp. No. 2. Exp. No. 3.
- Heat
Heat loit. :
i Time Time | 26quired. §  Time
elapfed. | elapfed. elapfed.
70% — — 10° —
EDQ SSH 3 SH 20.; 39.”
50° 46 46 30° 43
40 59 59 40° 53
30° 8o 79 §o° 67
20° 122 122 60° g6
10° 231 | 230 70° 175
Total times, 516 574 t - 473 |
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The following Table fhows the refults of the
Experiments, with the various fubftances therein
mentioned :

2 R - Bt - W 0 - el -
g Salse el 2e]ge | a8 SelEs
b : = % :3’ & L ==
Exp. :.iE:rp. 4+ Exp. 5.|Exp. 6.]Exp. 7. E:fp. 8. Exp. g.|EX. 10,
Taﬂ‘ — !I b — — — — — — e
ﬁf}n 33” g4." ?9" E!” EQ" 99;; g?n 9.&_"
50° 46 | 110 95 95 93| mée | 117| 116
40° 50 133 | 118 ] 117 3351 153 | 144 | 146
30° S0 | 18g 162 152 150 185 [ 1Ig3 Tgz
20 123 | 273 | 238 | =221 | 218) 265| 270 | =268
10° 23% | 439 ] 426 | 378 | 3761 478 | 494 | 485
iTomI times.| g76 | 1284 | 1113 | 1046 | 1032 | 1296 | X315 | Ijo0g

Now the warmth of abody, or its power to con-
fine Heat, being as its power of refifting the paffage
of Heat through it, (which I fhall call its #on-conduct-
ing power,) and the time taken up by any body in
cooling, which is furrounded byany medium through
which the Heat is obliged to palfs, being, ceteris pa-
ribus, as the refiftance which the medium oppofes
to the paffage of the Heat, it appears that the warmth
of the bodies mentioned in the foregoing Table
are as the times of cooling ; the conducting powers
being inverfely as thofe times, as I have formerly
fhown.

From the refults of the foregoing Experiments
it appears, that of the feven different fubftances
made ufle of, hares fur and Eider down were the

warmeft ;

.g-:.ﬂ'-’-ﬂ



"in various Subfances. 437

warmell ; after thefe came beavers fur; raw filk ;
fheep’s wool; cotton wool ; and laftly, lint, or the
fcrapings of fine linen ; but I acknowledge that the
differences in the warmth of thefe fubftances were
much lefs than I expeted to have found them,

Sufpecting that this might arife from the vo-
lumes or folid contents of the fubftances being
different, (though their weights were the fame,)
arifing from the difference of their fpecific gravities 3
and as it was not eafy to determine the fpecific gra-
vities of thefe fubftances with accuracy, in order to
fee how far any known difference in the volume
or quantity of the fame fubftance, confined always
in the fame fpace, would add to or diminith the
time of cooling, or the apparent warmth of the
covering, I made the three following Experi-
ments.

In the firft, the bulb of the thermometer was fur-
rounded by 16 grains of Eider down; in the fe-
cond by 32 grains ; and in the third by 64 grains ;
and in all thefe Experiments the fubftance was
made to occupy exactly the fame fpace, viz. the
whole internal capacity of the glafs globe, in the
centre of which the bulb of the thermometer was
placed ; confequently the thicknefs of the covering
of the thermometer remained the fame, while its
denfity was varied in proportion to the numbers
Y2, and 4.

The refults of thefe Experiments were as follow :

HH 2
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The bulb of the thermometer being furrounded
by Eider down.

Heat loft. 16 grains. 32 grains. 64 grains.

(Exp. No. 11.)|(Exp. No. 12.) (Exp. No. 13.)

{]u — ——_— ———

6o° 97" 11 1127
50° 117 128 130
40° 145 157 165
30° 192 207 224
20° 267 304 326
1o? 486 565 658

Total times. 1304 1472 1615

- o

Without {topping at prefent to draw any par-
ticular conclufions from the refults of thefe Ex-
periments, I fhall proceed to give an account of
fome others, which will afford us a little further
infight into the nature of fome of the circumitances
upon which the warmth of covering depends.

Finding, by the laft Experiments, that the denfity
of the covering added fo confiderably to the
warmth of it, its thicknefs remaining the fame,
I was now defirous of difcovering how far the inter-
nal {ftruture of it contributed to render it more or
lefs pervious to Heat, its thicknefs and quantity
of matter remaining the fame. By internal ftruc-
ture, I mean the difpofition of the parts of the
fubftance which forms the covering; thus they
may be extremely divided, or very fine, as raw

filk

ik,
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filk as fpun by the worms, and they may be
equally diftributed through the whole fpace they
occupy; or they may be coarfer, or in larger
mafles, with larger interftices, as the ravelings of
cloth, or cuttings of threads.

If Heat pafled #hrough the {ubftances made ufe
of for covering, and if the warmth of the covering
depended folely upon the difliculty which the Heat
meets with in its paffage through the fubftances, or
Jolid parts, of which they are compofed; in that
cale, the warmth of covering would be always,
ceteris paribus, as the quantity of materials of
of which it is compoled ; but that this is not the
cafe, the following, as well as the foregoing Expe-
riments clearly evince.

Having, in the Experiment N° 4, alcertained
the warmth of 16 grains of raw filk, I now re-
peated the Experiment with the fame quantity,
or weight, of the ravelings of white taffety, and
afterwards with a like quantity of common fewing
filk, cut into lengths of about two inches.

The following Table fhows the refults of thefe

three Experiments :

HH 3



440 Of the Propagation of Heat

[ s = o
& ¢ g e
k= 5 s g2d
= = i we 2
& 5 &0
~
Exp. 4. | Exp. 14. | Exp. 15,
70" 17 = 75
ﬁng 94!.1 goﬁi 67’#
£0° 110 106 79
40° 133 128 99
30° 185 172 135
30% | 0BTk el o T
10° 489 427 342
Total times.| 1284 1169 917

Here, notwithftanding that the quantities of the
filk were the fame in the three Experiments, and
though in each of them it was made to occupy the
fame {pace, yet the warmth of the coverings which
were formed were very different, owing to the dif-
ferent difpofition of the material.

The raw filk was very fine, and was very equally
diftributed through the fpace it occupied, :md it
formed a warm covering,

The ravelings of taffety were alfo fine, but not
fo fine as the raw filk, and of courfe the interftices
between its threads were greater, and it was lefs
warm ; but the cuttings of fewing filk were very
coarfe, and -conlequently it was very unequally dii-
tributed in the fpace in which it was confined ; and
it made a very bad covering for confining Heat.

It
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It is clear from the refults of the five laft Experi-
ments, that the air which occupies the interftices
of bodies, made ufe of for covering, atts a very
important part in the operation of confining Heat ;
yet I fhall poftpone the examination of that circum-
ftance till I fhall have given an account of feveral
other Experiments, which, I think, will throw ftill
more light upon that fubject.

But, before I go any further, I will give an ac-
count of three Experiments which I made, or ra-
ther the fame Experiment which I repeated three
times the fame day, in order to fec how far they
may be depended on, as being regular in their re-
{ults.

The glals globe of the paffage-thermometer
being filled with 16 grains of cotion-wool, the in-
ftrument was heated and cooled three times fuccefl
fively, when the times of cocling were obferved a:
follows : '

Heat loft. | Exp. 16. Exp..i7e | Exp. 18. i
e —_ £ i e I
60° 82" 84" 83’ . |
500 96 g5kl 95
40° ‘118 117 116
30° i52 153 151
z20” 221 221 220
107 380 377 377

Total times.| 1049 1047 EO42

The difference of the times of couling in thele
three Experiments were extremely fmall; but re-
HHA4 gular
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gular as thefe Experiments appear to have been in
‘their refults, they were not more fo than the other
Experiments made in the fame way, many of which
were repeated two or three times, though, for the
fake of brevity, I have put them down as fingle
Experiments.

But to proceed in the account of my inveftiga-
tions relative to the caufes of the warmth of warm
clothing. Having found that the finenefs and equal
diftribution of a body or fubftance made ufe of to
form a covering to confine Heat, contributes fo
much to the warmth of the covering, I was de-
firous, in the next place to fee the effec of con-
denfing the covering, its quantity of matter re-
maining the fame, but its thicknefs being diminifthed
in proportion to the increafe of its denfity.

The Experiment I made for this purpofe was as
follows :—I took 16 grains of common fewing
filk, neither very fine nor very coarfe, and winding
it about the bulb of the thermometer in fuch a
manner that it entirely covered it, and was as
nearly as poffible of the fame thicknels in every
part, I replaced the thermometer in its cylinder and
globe, and heating it in boiling water, cooled it in
ice and water, as in the foregoing Experiments.
"The refults of the Experiment were as may be feen
in the following Table; and in order that it may
be compared with thofe made with the fame quan-
tity of filk differently difpofed of, I have placed
thofe Experiments by the fide of it :
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iy k: A 5 . =2 4
= B & W ~E 3
% "E.. .Ef ﬁ_?,"aw % Ei E -
% > | TR | £35 |ec2id
3 = 85 g2l |SEmg s
= = Ed:u 2= & ,::: i
= 53 L 283
= k.

Exp No. q.-iExp. No. 14.|[Exp. No. 15.|Exp. No. 19.
70° T e -_
60° 94" 90 67 46”
£o° 110 106 79 62
40° 133 128 90 85
30° 185 172 135 121
20° 273 246 195 191
10° 489 427 342 399

‘Toral rimcs.l 1214 1_i 159 917 Q04

It is not a little remarkable, that, though the
covering formed of fewing filk wound round the
bulb of the thermometer in the 1gth Experiment,
appeared to have fo little power of confining the
Heat when the inftrument was very hot, or when
it was firft plunged into the ice and water, yet af-
terwards, when the Heat of the thermometer ap-
proached much nearer to that of the furrounding
medium, its power of confining the Heat which re-
mained in the bulb of the thermometer appeared to
be even greater than that of the filk in the Experi-
ment N° 15, the time of cooling from 20° to 10°
being in the one 399", and in the other 342”. The
fame appearance was obferved in the following
Experiments, in which the bulb of the thermome-
ter was furrounded by threads of woal, of cotton,
and of /inen, or flax, wound round it, in the like

manner
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manner as the fewing filk was wound round it in
the laft Experiment.

The following Table fhows the refults of thefe
Experiments, with the threads of various kinds ;
and that they may the more eafily be compared
with thofe made with the fame quantity of the fame
fubftances in a different form, I have placed the ac-
counts of thefe Experiments by the fide of each
other. I have allo added the account of an Expe-
riment, in which 16 grains of fine linen cloth were
wrapped round the bulb of the thermometer, going
roung it nine times, and being bound together
at the top and bottom of it, fo as completely to
cover it,

l ma | ~o rim = {awm =in T
Edelas JeBulds 5% (7 g2
el il ol il it i e
e Elm2Elmy a.a;g! LE5 2L oy 3
m— Ty = €= =1 wi fu | 2 o 1| =
< “E“Eju""“w*'E"EfEE}EzE;f'ﬁEﬁEH
= M:T-—..“cé el S~ o S Bl
= |resN2El . ESw2EiRTBleanl, &
o §;E: *EEyeE|s 22| wmEIR2E|ldSy,
- R TRl B~ e TR T T S TR
I LR8N el e Tl e e s e e
= B8lEFS| T BE TSR B SRS ST B
Ak = orEC Eo .m0 ulle oM. DR
Se5|iEg|sas|s s fes|ies|iE2E
= = S 8 N =
Exp. 5.|Ex. z0.{EXp. 6,\EX. 21. Exp. 7.|ExX. 22.] Exp. 27
]
L=t — — — e — — ....H
6o .:,gu 'ﬁ’ i 83" 45" L 46" 42
5¢¢ 95 631 95+ Bo) g3 | 62 56
40° 114 8g 117 53 115 83 74
30° bz || 126 | 352 | . 1rg] ivse | X2z 108
20° 238 | 2co| zh1 | v79 | =233 | 1fe 163
10° 426 | 410 | 378 | 370 | 3576 (1 385 338
Total times.| 1718 | 934 | 1046 | ¢z | 1TD32 873 783

That thread wound light round the bulb of the
thermometer fhould form a covering lefs warm

than the fame quantity of wool, or other raw ma-
terials
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terials of which the thread is made, furrounding
the bulb of the thermometer in a more loofe man-
ner, and confequently occupying a greater {pace,
is no more than what I expeéted, from the idea I
had formed of the caules of the warmth of cover-
ing; but I confels I was much furprifed to find
that there is fo great a difference in the relative
warmth of thefe two coverings, when they are em-
ployed to confine great degrees of Heat, and when
the Heat they confine is much lefs in proportion to
the temperature of the furrounding medium. This
difference was very remarkable; in the Experi-
ments with fheep’s wool, and with woollen thread,
the warmth of the covering formed of 16 grains of
the former, was to that formed of 16 grains of the
latter, when the bulb of the thermometer was
heated to 70° and cooled to 60°, as 79 to 46 (the
furrounding medium being at o°); but afterwards,
when the thermometer had only fallen from 20° to
10° of Heat, the warmth of the wool was to that
of the woollen thread only as 426 to 410; and in
the Experiments with lint, and with linen thread,
when the Heat was much abated, the covering of
the thread appeared to be even warmer than that
of the lint, though in the beginning of the Experi-
ments, when the Heat was much greater, the lint
was warmer than the thread, in the proportion of
8o to 46.

From hence it fhould feem that a covering may,
under certain circumfitances, be very good for con-
fining {mall degrees of warmth, which would be

but
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but very indifferent when made ufe of for confining
a more intenfe Heat, and wice verfa. This, T be-
lieve, is a new fact; and, I think the knowledge of
it may lead to further difcoveries relative to the
caufes of the warmth of coverings, or the manner
in which Heat makes its paffage through them.
But I forbear to enlarge upon this fubje, till I
fhall have given an account of feveral other Expe-
riments, which I think throw more light upon it,
and which will confequently render the inveftiga-
tion eafier and more fatisfactory.

With a view to determine how far the power
which certain bodies appear to poflefs of confining
Heat, when made ufe of as covering, depends
upon the natures of thole bodies, confidered as
chymical fubftances, or upon the chymical prin.
ciples of which they are compofled, I made the
following Experiments.

As charcoal is fuppofed to be compofed almoft
entirely of phlogifton, I thought that, if that prin-
ciple was the caufe either of the condufting power,
or the non-conduéting power of the bodies which
contain it, I fhould difcover it by making the Ex-
periment with charcoal, as I had done with various
other bodies. Accordingly, having filled the globe
of the paffage-thermometer with 176 grains of that
fubftance in very fine powder, (it having been
pounded in a mortar, and fifted through a fine
fieve,) the bulb of the thermometer being fur-
rounded by this powder, the inftrument was heated

in boiling water, and being afterwards plunged
into
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into a mixture of pounded ice and water, the
times of cooling were obferved as mentioned in the
following Table. I afterwards repeated the Expe-
riment with lampblack, and with very pure and
very dry wood afhes ; the refults of which Experi-
ments were as under-mentioned :

The bulb of the thermometer {urrounded by
176 grains of 176 grains n!",:gg grains ofjzo7 grains of
Heatlof. | fae vowder| fine powder, lampblack. pure dry
of charcoal.| of charcoal. wood afhes.
! i
[Exp. No. 24.|Exp. No. 25./[Exp. No. 26.|Exp. No. 27.
70° o = - =
6o 79" gr” 124" 96"
50° 95 91 118 92
40” 100 109 134 107
30° 139 133 164 136
20° 196 192 237 185
10° 331 321 304 31K
Total times. : 040 037 i 1171 927

The Experiment No. 235 was fimply a repetition
of that numbered 24, and was made immediately
‘after it ; but, in moving the thermometer about in
the former Experiment, the powder of charcoal
which filled the globe was fhaken 2 little together,
and to this circumftance I attribute the difference
in the refults of the two Experiments,

In the Experiments with lampblack and with
wood afhes, the times taken up in cooling from
70° to 60° were greater than thofe employed in
cooling from 60” to 50°; this moft probably arofe

from
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from the confiderable quantity of Heat contained
by thefe fubftances, which was firlt to be difpofed
of, before they could receive and communicate to
the furrounding medium that which was contained
by the bulb of the thermometer. |

The next Experiment I made was with femen
Iycopodii, commonly called witch-meal, a fubitance
which poffefles very extraordinary properties. It is
almoft impoffible to wet it ; a quantity of it firewed
upon the furface of a bafin of ‘water, not only
fwims upon the water without being wet, but it
prevents other bodies from being wet which are
plunged into the water through it; fo that a piece
of meney, or other folid body, may be taken from
the bottom of the bafin by the naked hand, with~
out wetting the hand ; which is one of the tricks
commonly thown by the jugglers in the country:
this meal covers the hand, and delcending along
with it to the bottom of the bafin, defends it from
the water. This {fubftance has the appearance of
an exceeding fine, light, and very moveable yellow
powder, and it is very inflammable ; fo much fo,
that being blown out of a quill into the flame of a
candle, it flathes like gunpowder, and it is made
ufe of in this manner in our theatres for imitating
lightning. .

Conceiving that there muft have been a {trong
attraltion between this fubftance and air, and ful-
petling, from fome circumitances attending fome
of the foregoing Experiments, that the warmth of

a covering depends not merely upon the finenefs of
the
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the fubftance of which the covering is formed, and
the difpofition of its parts, but that it arifes in fome
meafure from a certain attraction between the {ub-
{tance and the air which fills its interftices, I thought
that an Experiment with /femen lycopodii migat pof-
fibly throw fome light upon this matter; and in
this opinion I was not altogether miftaken, as wll
appear by the refults of the three following Expe-
riments.

L
The bulb of the thermometer furrounded by
256 grs. of femen {rf::m.rﬁf.
Heated.
2 : 2 |
Heat loft, L..c ?Elﬂl s “;]f:.:d e
Exp. No 23 Exp. No 2. !Exp. No. 0.
70° T = o’ —
Go® 1467 157" 1o° 230"
50° 162 160 200 68
40° 17§ e’ 30° ﬁ%
30° 200 | 203 407 7
20° 284 | 288 50° 121
1o° g0z | %3 6o° 316
— — - To? 1585
{Total times.! I1478 | 1491 — 2459

In the laft Experiment (N° 30) the refult of
which was fo very extraordinary, the inftrument
was cooled to ¢° in thawing ice, after which it was
plunged fuddenly into boiling water, where it re-
mained till the inclofed thermometer had acquired
the Heat of 70°, which took up no lefs than 2456

feconds, or above 40 minutes ; and it had remained
3 : in
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in the boiling water full a minute and an half before
the mercury in the thermometer fhowed the leaft
fign of rifing. Having at length been put into mo-
tion, it rofe veryrapidly 40 or 5o degrees,after which

its motion gradually abating became fo flow, that

it took up 1585 feconds, or fomething more than
26 minutes, in rifing from 60° to 70°, though the
temperature of the medium in which it was placed
during the whole of this time was very nearly 8c°;
the mercury in the barometer ftanding but little
fhort of 27 Paris inches.

All the different fubftances which I had yet made
ule of in thefe Experiments for furrounding or
covering the bulb of the thermometer, fluids ex-
cepted, had, in a greater, or in a lefs degree confined
the Heat, or prevented its pafling into or out of the
thermometer fo rapidly as it would have done, had
there been nothing but air in the glafs globe, in the
centre of which the bulb of the thermometer was
fufpended. But the great queltion is, how, or in
what manner, they produced this effet ?

And firft, it was not in confequence of their own
non-conducting powers, fimply confidered ; for, if
inftead of being only bad conductors of Heat, we
fuppofe them to have been totally impervious to
Heat, their volumes or folid contents were fo ex-
ceedingly fmall in proportion to the capacity of the
globe in which they were placed, that, had they
had no effet whatever upon the air filling their in-
terflices, that air would have been fufficient to have
conduéted all the Heat communicated, in lels time

than was actually taken up in the Experiment.
The

b
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The diameter of the globe being 1,6 inches, its
contents amounted to 2,14466 cubic inches; and
the contents of the bulb of the thermometer being
only 0,08711 of a cubic inch, (its diameter' being
0,55 of an inch,) the fpace between the bulb of the
thermometer and the internal furface of the globe
amounted to 2.14466—o0,08711=2,05755 cubic
inches ; the whole of which fpace was occupied
by the {ubitances by which the bulb of the' ther-
mometer was furrounded in the Experiments in
queftion.

But though thefe fubftances occupied this fpace,
they were far from jfiliing it ; by much the greater
part of it being filled by the air which occupied the
interftices of the fubftances in queftion. In the
Experiment N° 4, this {pace was occupied by 16
grains of raw filk ; and as the fpecific gravity of raw
filk is to that of water as 1734 to 1000, the volume
of this filk was equal to the volume of ¢,4422
grains of water ; and as 1 cubic inch of water weighs
253,185 grains, its volume was equal to 2t 32w
—0,037294 of a cubic inch; and, as the fpace
it occupied amounted to 2,05755 cubic inches, it
appears that the filk filled no more than about -5
part of the fpace in which it was confined, the
reft of that {pace being filled with air.

In the Experiment N° 1, when the {pace between
the bulb of the thermometer and the glafs globe,
in the centre of which it was confined, was filled
with nothing but air, the time taken up by the
thermometer in cooling from 750° to 10” was

VOL. II. [ 1 576
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576 {econds ; but in the Experiment N° 4, when
this fame fpace was filled with 54 parts air, and
1 part raw filk, the time of cooling was 1284 fe-
conds.

Now, fuppofing that the filk had been totally in-
capable of conduéting any Heat at all, if we fuppofe,
at the fame time, that it had no power to prevent
the air remaining in the globe from conduéting it,
in that cafe its prefence in the globe could only have
prolonged the time of cooling in proportion to the
quantity of the air it had difplaced to the quantity
remaining, that is to fay, as 1 is to 54, or a little
more than 10 feconds. But the time of cooling
was actually prolonged 708 feconds (for in the
Experiment N° 1, it was 576 {econds, and in the Ex-
periment N° 4, it was 1284 feconds, as has juft
been obierved); and this fhows, that the filk not
only did not conduct the Heat itfelf, but that it pre-
vented the air by which its interftices were filled
from conduéting it ; or, at leaft, it greatly weakened
its power of conduéting it.

The next queftion which arifes is, how air can
be prevented from condutting Heat? and this
neceflarily involves another, which is, how does
air conduct Heat ? '

If air conduéted Heat, as it is probable that the

metals and water, and all other folid bodies and
unelaftic fluids condu it, that is to fay, if its par-
ticles remaining in their places, the Heat pafled
from one particle to another, through the whole

mals,

ST
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mafs, as there is no reafon to fuppofe that the pro--
pagation of Heat is neceflarily in right lines, I can-
not conceive how the interpofition of fo {mall a
quantity of any folid body as 5 part of the volume
of the air could have effefted fo remarkable a
diminution of the conduéting power of the air,
as appeared in the Experiment (N° 4) with raw
filk, above mentioned.

If air and water conduted Heat in the fame
manner, 1t is more than probable that their con-
dulting powers might be impaired by the fame
means; but when I made the Experiment with
water, by filling the glafs globe, in the centre of
which the bulb of the thermometer was fufpended,
with that fluid, and afterwards varied the Experi-
ment, by adding 16 grains of raw filk to the
water, I did not find that the conduting power
of the water was fenfibly impaired by the prefence
of the filk *.

But we have juft feen that the fame filk, mixed
with an equal volume of air, diminithed its con-
ducting power 1n a very remarkable degree; con.
fequently, there is great reafon to conclude that
water and air condu&t Heat in a different manner.

But the following Experiment, I think, puts
the matter beyond all doubt.

* The Experiment here mentioned was made in the year 1787 ;
but the refult of a more careful inveltigation of the fubjeét has fince
fhown that Heat is not propagated in water in the manner here

fuppoled. (See Eflay VI1I.)
11 2 It
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It is well known, that the pq:w.ﬁr which air
poﬂ'e:ﬂﬂs Gf holdmg water in {ulutlﬂmi& augmented
by Heat, and dimmlfhed by cold, and that, if hot
air is faturated w1th water, and if this air is after-

wards cooled, a pa’;‘t {:-f its water is nEceﬂarlly de-
pofed.

I took a cyhnd,n-:al battle of very n::I.f-,arP tmnf.
parent olafs, about 8 inches in diameter, and 12
inches high, with a fhort and narrow neck, and
fufpending a fmall piece of linen rag, moderately
wet, in the middle of it, I plunged it into a large
vellel of water, warmed to about 1009 of Fahren-
heit’s thermometer, where I fuffered it o remain
till the gontained air was not only warm, but tho-
roughly faturated with the moifture which it attradt-
ed from the linen rag, the mouth of the bottle being
well ftopped up c_Eurm& this ume with a good cork;
this being done, I removed the cork for a moment,
to take aw:ly'the linen rag, and i‘copping up th*‘-f-
bottle again immediately, I tock it out of the warm

water, and plunged it into a large cylindrical jar,

about 2 mches in diameter, and 16 inches high,
containing juft fo much ice-cold water, that, when
the bottle was piunged into it, and quite covered
by it, the j _}El’ was quite full.

‘As the jar was of very fine tranfpar&nf glafs, as
well as the bottle, and as the cold water cuntmned

in. the jar was perfetly clear, I could fee what.

pafled in the bottle moft diftinctly ; and having
taken care to place the jar upon a table near the
- - window,
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window, in a very favourable i hi I fet myfelf to
oblerve the appearances which {huuld take place,
with all that anxious expeétation which a conviétion
that the refult of the Experiment muit be declf‘ve,
naturally 1nfp11 ed.

I was certain, that the air contained in the bottle
could not part with its Heat, without at the [ame
time, that is to fay, at the fame moment, and in the
fame place, parting with a portion of its water ; if,
therefore, the Heat penctrated the mafs of air from
the centre to the furface, or pajffed through it from
particle to particle, in the fame manner as it is pro-
bable that it pafles through water, and all other
unelaftic fluids *, by far the greateft part of the air
contained in the bottle would part with its Heat,
when nat actually in contall with the glafs, and a
proportional part of its water being let fall at the
fame time, and in the fame place, would neceflarily
defcend 1n the form of rain; and, though this rain
might be too fine to be vifible in its delcent, yet [
was {ure I thould find it at the bortom of the bﬂ-ftli’:‘,
if not in vifible drops of water, yet in that kind of
cloudy covering which cold glals acquires from a
contact with hot {team or watery vapour.

But if the particles of air, inftead of communi-
cating their Heat from one to another, from the
centre to the furface of the bottle, each in its turn,
and for itfelf, came to the furface of the bottle, and

* This opinion refpefting the manner in which Heat is propagated
in water, and other unelathic 8uvids, was afterwards found to be erro-
neous, as has been thewn in the preceding Lifay,

Pl there
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there depofited its Heat and its water, I concluded
that the cloudinefls occafioned by this depofit of
water would appear all over the bottle, or, at leait,
not more of it at the bottom than at the fides,
but rather lefs; and this I found to be the cafe
i fact,

The cloudinefls firft made its appearance upon
the fides of the bottle, near the top of it; and
from thence it gradually {pread itfelf dnwnwards,
till, growing fainter as it defcended lower, it was
hardly vifible at the diftance of half an inch from
the bottom of the bottle; and upon the bottom
itfelf, which was nearly flat, there was fcarcely the
fmalleft appearance of cloudinefs,

Thefe appearances, I think, are eafy to be ac-
counted for. The air immediately in contact with
the glafs being cooled, and having depofited a part
of its water upon the furface of the glafs, at the
fame time that it communicates to it its Heat,
flides downwards by the fides of the bottle in con-
fequence of its increafed fpecific gravity, and,
taking its place at the bottom of the bottle, forces
the whole mafs of hot air upwards; which, in its
turn coming to the fides of the bottle, #here de-
pofits its Heat and its water, and afterwards bend-
ing its courfe downwards, this circulation is con-
tinued till all the air in the bottle has acquired the
exa&t temperature of the water in the jar.

From hence it is clear why the firft appearance
of condenfed vapour is near the top of the bottle,
as allo why the greateft colletion of vapour is in

that
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that part, and that fo very fmall a quantity of it is
found nearer the bottom of the bottle. '

This Experiment confirmed me in an opinion
which I had for fome time entertained, that, though
the particles of air individually, or each for itfelf,
are capable of receiving and tranfporting Heat, yet
air in a quicfcent {tate, or as a fluid whofe parts are
at reft with refpet to each other, is not capable of
conduting it, or giving it a paffage ; in fhort, that
Heat is incapable of paffing through a mafs of air,
penetrating from one particle of it to another, and
that it is to this circumftance that its non-condudt-
ing power is principally owing.

It is alfo to this circumftance, in a great meafure,
that it is owing that its non-conducting power, or
its apparent warmth when employed as a covering
for confining Heat, 1s fo remarkably increafed upon
its being mixed with a fmall quantity of any very
fine, light, folid fubftance, fuch as the raw filk,
fur, Eider down, &ec. in the foregoing Experi-
ments: for as I have already obferved, though
thefe fubftances, in the very fmall quantities in
which they were made ufe of, could hardly have
prevented, in any confiderable degree, the air from
condu&ing, or giving a paflage to the Heat, had it
been capable of paffing through it, yet they might
very much impede it in the operation of tranfport-
ing it.

But there is another circumftance which it is
neceflary to take into the account, and that is the
attraction which {ubfifts between air and the bodies

11 4 above-
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above-mentioned, and other like fubftances, confti-
tuting natural and artificial clothing, For, though
the incapacity, of air to give a paflage to Heat in the
manner lolid bodies permit it to pafs through them,
may enable us to account for its warmth under cer-
tain circumf{tances, yet the bare admiffion of this
principle does not feem to be fufficient to account
for the very extraordinary degrees of warmth which
we find in furs and in feathers, and in various othen
kinds of natural and artificial clothing ; nor even
that which we find in fnow ; for if we fuppofe the
particles of air to be at liberty to carry gff the Heat
which thefe bodies are meant to confine, without
any other obftruction or hindrance than that arifing
from their vis inertia, or the force neceflary to put
them in motion, it feems probable that the fuccef~

fion of frefh particles of cold air, and the confe-

quent lofs of Heat, would be much more rapld
than we find it to be 1n faét.
That an attraction, and a very {trong one, ac-

tually fubfifts between the particles of air, and the

fine hair or furs of beafts, the feathers of birds,
wool, &c. appears by the obilinacy with which
thefe fubltances retain the air which adheres to

them, cven when immerfed in water, and put
under the receiver of an air-pump; and that this.

attraftion is effential to the warmth of thefe bodies,
I think is very ealy to be demonftrated.
In furs, for inftance, the attration between the

particles of air, and the fine hairs in which it-1s.

concealed, being greater than the increafed elaf-
ticity,
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ticity, or repulfion of thofe particles with regard
to each other, arifing from the Heat communicated
to them by the animal body, the air in the fur,
though heated, is not eafily difplaced; and this
coat of confined air is the real barrier which de-
fends the animal body from the external cold.
This air cannot carry ¢ff the Heat of the animal,
becaule it is itfelf confined, by its attraltion to the
hair or fur; and it tranfmits it with great difficulty,
if it tranfmits at all, as has been abundantly thewn
by the feregoing Experiments.

Hence it appears why thofe furs which are the
fineft, longeft, and thickeft, are likewife the warm-
eft ; and how the furs of the beaver, of the otter,
and of other like quadrupeds which live much in
water, and the feathers of water-fowls, are able to
confine the Heat of thofe animals in winter, not-
with{tanding the extreme coldnefs and great con-
duéting power of the water in which they fwim.
The attraltion between thefe fubftances, and the
air which occupies their interflices, is {o great, that
this air is not diflodged even by the contaét of
water, but remaining in its place, it defends the
body of the animal at the fame time from being
wet, and from being robbed of its Heat by the fur-
rounding cold fluid; and it is poflible that the
preflure of this fluid upon the covering of air con-
fined in the interftices of the fur, or feathers, may
at the fame time increale its warmth, or non-con-
dutting power, in fuch a manner that the animal
may not, in falt, Jofe more Heat when in water, than

when
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when in air: for we have feen by the foregoing
Experiments, that, under certain circumftances,
the warmth of a covering is increafed, by bringing
its component parts nearer together, or by in-
creafing its denfity even at the expence of its thick-
nefs. But this point will be further mveftigated
hereafter.

Bears, wolves, foxes, hares, and other like
quadrupeds, inhabitants of cold countries, which
do not often take the water, have their fur much
thicker upon their backs than upon their bellies.
The heated air occupying the interftices of the
hairs of the animal tending naturally to rife up-
wards, in confequence of its increafed elafticity,
would efcape with much greater eafe from the
backs of quadrupeds than from their bellies, had
not Providence wifely guarded againft this evil by
increafing the obftruétions in thofe parts, which
entangle it and confine it to the body of the animal.
And this, I think, amounts almoft to a proof of
the principles aflumed relative to the manner in
which Heat is carried off by air, and the caufes of
the non-conduéting power of air, or its apparent
warmth, when, being combined with other bodies,
it acts as a covering for confining Heat.

The fnows which cover the furface of the earth
in winter, in high latitudes, are doubtlefs defigned
by an all-provident Creator as a garment to defend
it again{t the piercing winds from the polar regions,
which prevall during the cold feafon.

Thefe
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Thefe winds, notwithftanding the vaft traéts of
continent over which they blow, retain their fharp-
nefs as long as the ground they pafs over is covered
with fnow ; and it is not till meeting with the
ocean they acquire, from a contat with its waters,
the Heat which the fnows prevent their acquiring
from the earth, that the edge of their coldnefs is
taken off, and they gradually die away and are
lot.

The winds are always found to be much colder
when the ground is covered with fnow than when
it is bare, and this extraordinary coldnefs is vul-
garly fuppofed to be communicated to the air by
the fnow ; but this is an erroneous opinion; for
thefe winds are in general much colder than the
fnow itfelf.

They retain their coldnefs, becaufe the fnow pre-
vents them from being warmed at the expence of
the earth ; and this is a {iriking proof of the ufe of
the {fnows in preferving the Heat of the carth du-
ring the winter in cold latitudes.

It is remarkable that thefe winds feldom blow
from the poles directly towards the equator, but
from the land towards the fea. Upon the eaftern
coalt of North America the cold winds come from
the north-weft; but upon the weftern coaft of
Europe they blow from the north-eaft.

That they thould blow towards thofe parts where
they can moft eafily acquire the Heat they are in
fearch of, is not extraordinary; and that they
fhould gradually ceafe and die away, upon being

warmed
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warmed by a contat with the waters of the ocean,
is likewife agrecable to the nature and caufes of
their motion ; and if T might be allowed a conjec-
ture refpecting the principal ufe of the feas, or the
reafon why the proportion of water upon the fur-
face of our globe is fo great, compared to that of
the land, it is to maintain a more equal temperature
in the different climates, by heating or cooling the
~ winds which at certain periods blow from the great
continents.

That cold winds actually grow much milder
upon pafling over the fea, and that hot winds are
refrefhed by a contaét with its waters, is very cer-
tain; and it is equally certain that the winds from
the ocean are, in all climates, much more temperate
than thofe which blow from the land.

In the iflands of Great Britain and Ireland, there
is not the leaft doubt but the great mildnefs of the
climate is entirely owing to their feparation from
the neighbouring continent by {fo large a traét of

fea; and in all fimilar fituations, in every part of

the globe, fimilar caufes are found to produce
fimilar effects. :

The cold north-weft winds, which prevaill upon
the coaft of North America during the winter, fel-
dom extend above 100 leagues from the fhore, and
they are always found to be lefs violent, and lefs
plercing, as they are further from the land.

Thefe periodical winds from the continents of
Europe and North America prevail moft towards

the end of the month of February, and in the month
of
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of March; and 1 conceive that they contribute
very eflentially towa: ds bringing on an early {pring,
and a fruitful fummer, particularly when they are
very violent in the month of March, and if at that
time the ground is well covered with fpow. The
whole atmofphere of the polar regions being, as it
were, tranfported into the ocean by thefe winds, 1s
there warmed and faturated with water: and, a
great accumulation of air upon the fea being the
neceflary confequence of the long continuance of
thefe cold winds from the fhore, upon their ceafing
the warm breezes from the fea neceflarily com-
mence, and, fpreading themiclves upon the land
far and wide, affift the returning fun in difmantling
the earth of the remains of her winter garment,
and in bringing forward into life all the manifold
beauties of the new-born year.

This warmed air which comes in from the fea,
having acquired its Heat from a contaét with the
ocean, is, of courle, faturated with water; and
hence the warm fhowers of April and May, fo
neceflary to a fruitful feafon.

The ocean may be confidered as the great refer-
voir and equalizer of Heat; and its benign influ-
ences in preferving a proper temperature in the

_atmolphere cperate in all feafons and in all cli-
mates.

The parching winds from the land under the
torrid zone are cooled by a conta& with its waters,
and, in return, the breezes from the fea, which at
certain hours of the day come in to the fhores in
almolt all hot countries, bring with them refrefh-

1 ment,
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ment, and, as it were, new life and vigour both to
the animal and vegetable creation, fainting and
melting under the exceflive Heats of a burning
fun. What a valt tratt of country, now the moft
fertile upon the face of the globe, would be abfo-
lutely barren and uninhabitable on account of the
exceffive Heat, were it not for thefe refrefhing
fea-breezes : And is it not more than probable,
that the extremes of heat and of cold in the dif-
ferent feafons in the temperate and frigid zones
would be quite intolerable, were it not for the in-
fluence of the ocean in preflerving an equability of
temperature ?

And to thefe purpofes the ocean is wonderfully
well adapted not only on account of the great
power of water to abforb Heat, and the vaft depth
and extent of the different feas (which are fuch
that one fummer or one winter could hardly be
fuppofed to have any fenfible effe&t in heating or
cooling this enormous mafs); but alfo on account
of the continual circulation which is carried on in
the ocean itlelf, by means of the currents which
prevail in it. The waters under the torrid zone
being carried by thefe currents towards the polar
regions, are there cooled by a contaft with the
cold winds, and, having thus communicated their
Heat to thefe inhofpitable regions, return towards
the equator, carrying with them refrelhment for
thofe parching climates.

The wifdom and goodnefs of Providence have
often been called in queftion with regard to the

diftribution of land and water upon the furface of
our

4
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our globe, the vaft extent of the ocean having
been confidered as a proof of the little regard that
has been paid to man in this diftribution. But,
the more light we acquire refpeting the real con-
{titution of things, and the various ufes of the
different parts of the vifible creation, the lefs we

fhall be difpofed to indulge ourfelves in fuch frivo-
lous criticifms.

END OF THE EIGHTH ESSAY.
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ESSAY IX

AN

EXPERIMENTAL INQUIRY

CONCERNING

THE SOURCE OF THE HEAT WHICH
IS EXCITED BY FRICTION.

[Read before the Rovar Sociery, January 25, 1798.]
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An INQUIRY concerning the SOURCE of the
HEeAT which is Exc1TED by FricTION.

[ Read before the Rovar Sociery, January 25, 1798.]

T frequently happens, that in the ordinary affairs
and occupations of life, opportunities prefent
themfelves of contemplating fome of the moft
curious operations of Nature ; and very interefting
philofophical experiments might often be made, al-
moft without trouble or expence, by means of ma-
chinery contrived for the mere mechanical purpofes
of the arts and manufattures.

I have frequently had occafion to make this ob-
{ervation ; and am perfuaded, that a habit of keep-
ing the eyes open to every thing that is going on
in the ordinary courfe of the bufinefs of life has
oftener led, as it were by accident, or in the play-
ful excurfions of the imagination, put into action
by contemplating the moft common appearances, to
ufeful doubts, and fenfible fchemes for inveftigation

KK 2 and
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and improvement, than all the more intenfe medi-
tations of philofophers, in the hours exprefsly fet
apart for {tudy.

It was by accident that I was led to make the Ex-
periments of which I am about to give an account ;
and, though they are not perhaps of {ufficient im-
portance to merit fo formal an introduétion, I can-
not help flattering myfelf that they will be thought
curious in feveral refpects, and worthy of the honour
of being made known to the Royal Society.

Being engaged, lately, in fuperintending the bor-
ing of cannon, in the workfhops of the military arfe-
nal at Munich, I was ftruck with the very confider-
able degree of Heat which a brafs gun acquires, in
a fhort time, in being bored ; and with the {till
more intenfe Heat (much greater than that of boil-
ing water, as I found by experiment) of the metal-
lic chips feparated from it by the borer.

The more I melitated on thefe phznomena, the
more they appeared to me to be curious and inte-
refting. A thorough inveftigation of them feemed
even to bid fair to give a farther infight into the
hidden nature of Heat; and to enable us to form
fome reafonable conje€tures refpeéting the exiftence,
or non-exiftence, of an igneous fluid : a fubject on
which the opiuions of philofophers have, in all ages,
been much divided.

In order that the Society may have clear and
diftin& ideas of the fpeculations and reaflonings to
which thefe appearances gave rife in my mind, and
alfo of the fpecific objects of philofophical invefti-

gation
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gation they fuggefted to me, I muft beg leave
to ftate them at fome length, and in fuch man-
ner as I fhall think beft fuited to anfwer this
purpofe.

From whence comes the Heat actually produced in
the mechanical operation above mentioned ?

Is it furnilhed by the metallic chips which are
feparated by the borer from the folid mafs of
metal ?

If this were the cafe, then, according to the
modern doétrines of latent Heat, and of caloric,
the capacity for Heat of the parts of the metal, fo
reduced to chips, ought not only to be changed,
but the change undergone by them fhould be
fufficiently great to account for 4// the Heat pro-
duced.

But no fuch change had taken place; for I
found, upon taking equal quantities, by weight,
of thefe chips, and of thin flips of the fame block
of metal feparated by means of a fine faw, and put-
ting them, at the fame temperature, (that of boiling
water,) into equal quantities of cold water, (that
1s to fay, at the temperature of 59°; F.) the portion
of water into which the chips were put was not, to
all appearance, heated either lefs or more than the
other porrion, in which the flips of metal were
put.

This Experiment being repeated feveral times,
the refults were always fo nearly the fame, that I
could not determine whether any, or what change,
had been produced in the metal, in regard to its

KK 3 capacity



472 Inquiry concerning the Source of

capacity for Heat, by being reduced to chips by the
borer *.

From hence it is evident, that the Heat produced
could not pofiibly have been furnifhed at the ex-
pence of the latent Heat of the metallic chips. But,
not being willing to reft fatisfied with thefe trials,
however conclufive they appeared to me to be, I
had reccurle to the following ftill more decifive Ex-
periment :

Taking a cannon, (a brafs fix-pounder,) caft
folid, and rough as it came from the foundry, (fee
Fig. 1. Tab. IV.) and fixing it (horizontally) in

* As thefe Experiments are important, it may perhaps be agreeable
to the Society to be made acquainted with them in their details.

One of them was as follows :

To 4590 grains of water, at the temperature of 5921 F. (an allow-
ance as comp-nfation, reckoned in water, for the capacity for Heat of
the containing cylindrical tin veficl, being included,) were added
10164 grains of gun-metal in thin flips, feparated from the gun by
means of a fine faw, being at the temperature of 210°F, When
they had remained together 1 minute, and had been well ftirred about,
by means of a (mall rod of light wood, the Heat of the mixture was
found to be = 63°. ;

From this Experiment, the [pecific Hear of the metal, calculated ac-
cording to the rule given by Dr. CRAWFORD, turns out to be
—o.1100, that of water being = 1.0000.

An Experiment was afterwards made with the metallic chips, as
follows :

To the fame quantity of water as was ufed in the Experiment above
mentioned, at the {ame temperature, (zi=. 59°%,) and in the fame
cylindrical tin veflel, were now put 1016% grains of metallic chips of
gun-metal, bored out of the fame gun from which the flips ufed in
the foregoing Experiment were taken, and at the fame temperature
(z10%). The Heat of the mixture, at the end of 1 minute, was juft
63%, as before ; confequently the fpecific Heat of thele metallic chips
was = o.1100. Each of the above Experiments was repeated three
times, and always with nearly the fame refults,

the
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the machine ufed for boring, and at the fame time
finithing the outfide of the cannon by turning, (fee
Fig. 2.) I caufed its extremity to be cut off; and,
by turning down the metal in that part, a folid cy-
linder was formed, 7} inches in diameter, and 9%
inches long ; which, when finifhed, remained joined
to the reft of the metal (that which, properly fpeak-
ing, conftituted the cannon) by a fmall cylindrical
neck, only”2+ inches in diameter, and 3.% inches
long.

This fhort cylinder, which was fupported in its
horizontal pofition, and turned round its axis, by
means of the neck by which it remained united to
the cannon, was now bored with the horizontal
borer ufed in boring cannon ; but its bore, which
was 3.7 inches in diameter, inftead of being con-
tinued through its whole length (9.8 inches) was
only 7.2 inches in length ; fo that a folid bottom
was left to this hollow cylinder, which bottom was
2.6 inches in thicknefs.

This cavity is reprefented by dotted lines in
Fig., 25 as alfo in Fig. 3. where the cylinder is
reprefented on an enlarged {fcale.

This cylinder being defigned for the exprefs
purpofe of generating Heat by friction, by having a
blunt borer forced againft its folid bottom at the
fame time that it fhould be turned round its axis by
the force of horfes, in order that the Heat accumu-
lated in the cylinder might from time to time be
mealured, a fmall round hole, (fee 4, ¢, Fig. 3.) 0.37
of an inch only in diameter, and 4.2 inches in

KK 4 depth,
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depth, for the purpofe of introducing a fmall cy-
lindrical mercurial thermometer, was made in it,
on one fide, in a direction perpendicular to the axis
of the cylinder, and ending in the middle of the
folid part of the metal which formed the bottom of
its bore.

The folid contents of this hollow cylinder, ex-
clufive of the cylindrical neck by which it remained
united to the cannon, were 385: cubic inches,
Englith meafure ; and it weighed 113.13lb. Avoir-
dupois : as I found, on weighing it at the end of
the courfe of Experiments made with it, and after
it had been feparated from the cannon with which,
during the Experiments, it remained connected*.

Experiment, N° 1.

This Experiment was made in order to afcertain
how much Heat was actually generated by friction,
when a blunt fteel borer being fo forcibly fhoved
(by means of a ftrong fcrew) againft the bottom of

* For fear I fhould be fufpefted of prodigality in the profecution
of my philofophical refearches, I think it neceflary to inform the
Society, that the cannon I made ufe of in this Experiment was not
facrificed to it.  ‘The fhort hollow cylmder which was formed at the
end of it, was turned out of a cylindrical mals of metal, about 2 feet
in length, projséting beyond the muzzle of the gun, ealled in the
German language the werformer kopf, (the head of the cannon to be
thrown away,) and which 1s reprefented in Fig. 1.

This original projcétion, which is cut off before the gun is bored, is
always caft with ir, in order that, by means of the preffure of its
weight on the metal in the lower part of the mould, during the time
it is conling, the gun niay he the more compaét in the neighbour-
hood of the muzzle; where, without this precaution, the metal
would be apt to be purous, or full of honeycombs,

the
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the bore of the cylinder, that the preflure againft
it was equal to the weight of about 1coocolb.
Avoirdupois, the cylinder was turned round on its
axis (by the force of horfes) at the rate of about
32 times in a minute.

This machinery, as it was put together for the
Experiment, is reprefented by Fig. 2. W is a
ftrong horizontal iron bar, conneéted with proper
machinery carried round by horfes, by means of
which the cannon was made to turn round it axis.

To prevent, as far as pofiible, the lofs of any
part of the Heat that was generated in the Experi-
ment, the cylinder was well covered up with a fit
coating of thick and warm flannel, which was care-
fully wrapped round it, and defended it on every
fide from the cold air of the atmolphere. This
covering is not reprefented in the drawing of the
apparatus, Fig. 2.

I ought to mention, that the borer was a flat
piece of hardened fteel, 0.63 of an inch thick, 4
inches long, and nearly as wide as the cavity of
the bore of the cylinder, namely, 3% inches. Its
corners were rounded off at its end, fo as to make
it fit the hollow bottom of the bore ; and it was
firmly faftened to the iron bar (m) which kept it
in its place. The area of the furface by which its
end was in contaét with the bottom of the bore of
the cylinder was nearly 2% inches. This borer,
which is diftinguithed by the letter », is reprefented
in moft of the figures.

At
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At the beginning of the Experiment, the tempe-
rature of the air in the fhade, as alfo that of the
cylinder, was juft 60° F

At the end of 30 minutes, when the cylinder
had made g6o revolutions about its axis, the horfes
bemg ftopped, lC}llIldI ical mercurial thermometer,
whofe bulb was 2% of an inch in diameter, and
3% inches in length, was introduced into the hole
made to receive it, in the fide of the cylinder,
when the mercury rofe almoft inftantly to 130°%

Though the Heat could not be fuppofed to be
quite equally diftributed in every part of the cy-
linder, yet, as the length of the bulb of the ther-
mometer was fuch that it extended from the axis
of the cylinder to near its furface, the Heat indi-
cated by it could not be very different from that of
the mean temperature of the cylinder ; and it was on
this account that a thermometer of that particular
form was chofen for this Experiment.

To fee how faft the Heat efcaped out of the cy-
linder, (in order to be able to make a probable con-
jecture refpeting the quantity given off by it, dur-
ing the time the Heat generated by the friction was
accumulating,) the machinery {tanding ftill, I fuf-
fered the thermometer to remain in its place near
three quarters of an hour, obferving and noting
down, at fmall intervals of time, the height of the
temperature indicated by it.

Thus,

i
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The Heat, as (hownby
Thus, at the end of the thermemeter, was
4 minutes < - - = - 126°

after § minutes, always reckon-
ing from the firft ob-
fervation, ' = -1 @ . Vo

at the end of 7 minutes - - - - - 123°
12 P R
14 w e PR Y
e B S S R
20 e L b MG
24 - i m st SRR
28 AT el eSS
3] —— . . & = = 113
o T R A 112°
374 TAECAR TSR i

and when 41 minutes had elapfed 110°

Having taken away the borer, I now removed
the metallic duft, or rather fcaly matter, which
had been detached from the bottom of the cylinder
by the blunt fteel borer, in this Experiment ; and,
having carefully weighed it, I found its weight to
be 837 grains Troy.

Is it poflible that the very confiderable quantity
of Heat that was produced in this Experiment (a
quantity which atually raifed the temperature of
above 1113lb. of gun-metal at lcalt 50 degrees of
FaareNvEIT's thermometer, and which, of courle,
would have been capable of melting 611b. of ice,
or of caufing near slb. of ice-cold water to boil)

could



478 Inquiry concerning the Source of

could have been furnifhed by fo inconfiderable a
quantity of metallic duft? and this merely in con.-
fequence of a change of its capacity for Heat ?

As the weight of this duft (837 grains Troy)
amounted to no more than i th part of that of
the cylinder, it muft have loft no lefs than 948 de-
grees of Heat, to have been able to have raifed the
temperature of the cylinder 1 degree; and confe-
quently it muft have given off 66360 degrees of
Heat, to have produced the effetts which were
aCtually found to have been produced in the Ex-
periment !

But, without infilting on the improbability of
this fuppofition, we have only to recollect, that
from the refults of atual and decifive Experiments,
made for the exprels purpofe of afcertaining that
fact, the capacity for Heat, of the metal of which
great guns are calt, is not fenfibly changed by being
reduced to the form of metallic chips, in the ope-
ration of boring cannon; and there does not feem
to be any reafon to think that it can be much
changed, if it be changed at all, in being reduced
to much f{maller pieces, by means of a borer that
is lefs fharp.

If the Heat, or any confiderable part of it, were
produced in confequence of a change in the capa-
city for Heat of a part of the metal of the cylinder,
as fuch change could only be fuperficial, the cy-
linder would by degrees be exbaufted; or the quan-
tities of Heat produced, in any given fhort fpace of

time, would be found to diminith gradually, in
fucceflive
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fucceflive Experiments. To find out if this really
happened or mnot, 1 repeated the laft-mentioned
Experiment feveral times, with the utmoft care;
but I did not difcover the fmalleft fign of exhauftion
in the metal, notwithftanding the large quantities
of Heat aftually given off.

Finding fo much reafon to conclude, that the
Heat generated in thefe Experiments, or excited, as I
would rather choofe to exprels it, was not fur-
nithed af the expence of the latent Heat or combined
caloric of the metal, I pufhed my inquiries a ftep
farther, and endeavoured to find out whether the
air did, or did not, contribute any thing in the
generation of it.

Experiment, N° 2.

As the bore of the cylinder was cylindrical, and
as the iron bar (m), to the end of which the
blunt {teel borer was fixed, was {quare, the air
had free accefs to the infide of the bore, and even
to the bottom of it, where the friftion took place
by which the Heat was excited.

As neither the metallic chips produced in the
ordinary courfe of the operation of boring brafs
cannon, nor the finer fcaly particles produced in
the laft-mentioned Experiments by the friGtion of
the blunt borer, fhowed any figns of calcination, I
did not {ee how the air could poffibly have been
the caufe of the Heat that was produced ; but, in
an inveftigation of this kind, I thought that no
pains fhould be fpared to clear away the rubbifh,

1 and
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and leave the fubje&t as naked and open to infpec-
tion as poflible.

In order, by one decifive Experiment, to deter-
mine whether the air of the atmofphere had any
part, or not, in the generation of the Heat, I con-
trived to repeat the Experiment, under circum-
ftances in which i was evidently impoffible for it to
produce any effect whatever. By means of a pifton
exa(tly fitted to the mouth of the bore of the cy-
linder, through the middle of which pifton the
fquare iron bar, to the end of which the blunt
fteel borer was fixed, pafled in a fquare hole made
perfeétly air-tight, the accefs of the external air, to
the infide of the bore of the cylinder, was effec-
tually prevented. (In Fig. 3. this pifton (p) is
feen in its place; it is likewile thown in Fig. 7
and 8.).

1 did not find, however, by this Experiment, that
the exclufion of the air diminifhed, in the [malleft
degree, the quantity of Ieat excited by the fric-
tion.

There ftill remained one doubt, which, though
it appeared to me to be fo {light as hardly to de-
ferve any attention, I was however defirous to re-
move. The pifton which clofed the mouth of the
bore of the cylinder, in order that it might be air-
tight, was fitted into it with fo much nicety, by
means of its collars of leather, and prefled againft
it with fo much force, that, I'lUTWithEllldillg 1t8
being oiled, it occafioned a confiderabie degree of

friction, when the hollow cylinder was turned
round,

|
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round its axis. Was not the Heat produced, or at
leaft fome part of it, occafioned by this friction of
the pifton? and, as the external air had free accefs
to the extremity of the bore, where it came in con-
tact with the pifton, is it not poflible that this air
may have had fome fhare in the generation of “the
Heat produced !

Experiment, N° 3.

A quadrangular oblong deal box, (fee Fig. 4.)
water-tight, 114 Englith inches long, 9.% inches
wide, and g.% inches deep, (meafured in the clear,)
being provided, with hcles or flits in the middle of
each of its ends, juft large enough to receive, the
one, the fquare iron rod to the end of which the
blunt fteel borer was faltened, the other, the fmall
cylindrical neck which joined the hollow cylinder
to the cannoh; when this box (which was oc-
cafionally clofed above, by a wooden cover or lid
moving on hinges) was put into its place; that is
to fay, when, by means of the two vertical open-
ings or flits in its two ends, (the upper parts of
which openings were occafionally clofed, by means
of narrow pieces of woodfliding in vertical grooves,)
the box (g, A, i, &, Iig. 3.) wasfixed to the ma-
chinery, in fuch a manner that its bottom (7, £,)
being in the plane of the horizon, its axis coincided
with the axis of the hollow metallic cylinder ; it is
evident, from the defcription, that the hollow me-
tallic cylinder would occupy the middle of the box,
without touching it on.either fide (as it 1is repre-

fented
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fented in Fig. 3.) ; and that, on pouring water into
the box, and filling it to the brim, the cylinder
would be completely covered, and furrounded on
every fide, by that fluid. And farther, as the box
was held fait by the ftrong fquare iron rod (m),
which pafled, in a fguare hole, in the centre of one
of its ends, (a, Fig. 4.) while the round or cylindri-
cal neck, which joined the hollow cylinder to the
end of the cannon, could turn reund freely on its axis
in the round hole in the centre of the other end of
it, it is evident that the machinery could be put in
motion, without the leaft danger of forcing the
box out of its place, throwing the water out of it,
or deranging any part of the apparatus.

Every thing being ready, I proceeded to make the
Experimert I had projected, in the following manner:

The hollow cylinder having been previouily
cleaned out, and the infide of its bore wiped with
a clean towel till it was quite dry, the {quare iron
bar, with the blunt {teel borer fixed to the end of
it, was put into its place; the mouth of the bore
of the cylinder being clofed at the fame time, by
means of the circular pifton, through the centre of
which the iron bar paffed.

This being done, the box was put in its place,
and the joinings of the iron rod, and of the neck
of the cylinder, with the two ends of the box,
having been made water-tight, by means of collars
of oiled leather, the box was filled with cold water,
(viz. at the temperature of 60°,) and the machine

was put in motion.
The
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The refult of this beautiful Experiment was very
ftriking, and the pleafure it afforded me amply re-
paid me for all the trouble I had had, in con-
triving and arranging the complicated machinery
ufed in making it.

The cylinder, revolving at the rate of about 32
times in a minute, had been in motion but a fhort
time, when I perceived, by putting my hand into
the water, and touching the outfide of the cy-
linder, that Heat was generated ; and it was not
long before the water which furrounded the cy-
linder began to be fenfibly warm.

At the end of 1 hour I found, by plunging a
thermometer into the water in the box, (the quan-
tity of which fluid amounted to 18.77 lIb. Avoir-
dupois, or 2} wine gallons,) that its temperature
had been raifed no lefs than 47 degrees; being
now 107° of FAHRENHEIT’s [cale.

When 30 minutes more had elapfed, or 1 hour
and 3o minutes after the machinery had been
put in motion, the Heat of the water in the box
was 142°. .

At the end of 2 hours, reckoning from the bes
ginning of the Experiment, the temperature of the
water was found to be raifed to 178°.

At 2 hours 20 minutes it was at 200°; and at
2 hours 30 minutes it ACTUALLY BOILED!

It would be difficult to defcribe the furprife
and aftonifhment exprefled in the countenances of
VOL. Il. LK the
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the by-ftanders, on feeing fo large a quantity of
cold water heated, and altually made to boil,
without any fire.

Though there was, in fat, nothing ‘that could
juftly be confidered as furprifing in this event, yet
I acknowledge fairly that it afforded me a degree
of childifh pleafure, which, were I ambitious of
the reputation of a grave philofopher, 1 ought moft
certainly rather to hide than to difcover.

The quantity of Heat excited and accumulated
in this Experiment was very confiderable; for,
not only the water in the box, but alfo the box
itfelf, (which weighed 15} 1b.) and the hollow me-
tallic cylinder, and that part of the iron bar
which, being fituated within the cavity of the box,
was immerfed in the water, were heated 150 de-
grees of TamrexnarlT’s fcale; wviz. from 6o0°
(which was the temperature of the water, and of
the machinery, at the beginning of the Experi-
ment) to 2i0°% the Heat of boiling water at
Munich.

The total quantity of Heat generated may be
eftimated with fome cenfiderable degree of pre-
cifion, as follows :

Of
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Of the Heat excited Quantity of ice-cold water which,
there appears to have with the given quantity of Heat,

might have been heated 180 dea
been atually accumus grees, or made to boil.

lated, In Avoirdupois weight,
In the water contained in

the wooden box, 18: 1b.

Avoirdupois, heated 150 de-

grees, namely, from 60° to Ib.

1o B - o gt 4 - 15.2
In 113.13lb. of gun-metal, (the hol-

low cylinder,) heated 150 degrees; and,

as the capacity for Heat of this metal is to

that of water as o.1100 to 1.0000, this

quantity of Heat would have heated 122 1b.

of water the fame number of degrees - 10.37
In 36.75 cubic inches of iron, (being

that part of the iron bar to which the

borer was fixed which entered the box,)

heated 150 degrees; which may be

reckoned equal in capacity for Heat to

1.21lb. of water - - - RS e

N. B. No eftimate is here made of the
Heat accumulated in the wooden box, not
of that difperfed during the Experiment.

Total quantity of ice-cold water which,
with the Heat atually generated by fric-
tion, and accumulated in 2 hours and 30
minutes, might have been heated 180 de-
grees, or made to boil - - -~ 26.58

LL 2 From
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From the knowledge of the quantity of Heat
atually produced in the foregoing Experiment,
- and of the #ime in which it was generated, we are
_enabled to alcertain the welscity of its production,
and to determine how large a fire muft have been,
or how much fuel muft have been confumed, in
order that, in burning equably, it fhould have
produced by combuftion the fame quantity of Heat
in the fame time.

In one of Dr. Crawrorp’s Experiments, (fee

his Treatife on Heat, p. 321,) 371b. 7 oz. Troy,
= 181¢g20 grains, of water, were heated 2,% de-
grees of FAnrENHEIT’s thermometer, with the Heat
generated 4n the combultion of 26 grains of wax.
This gives 382032 grains of water heated 1 degree
with 26 grains of wax; or 146931+ grains of
water heated 1 degree, or 4% = 81.631 grains

heated 180 degrees, with the Heat generated i in the
combuftion of 1 grain of wax.

The quantity of ice-cold water uhich might
have been heated 180 degrees, with the Heat ge-
nerated by friction in the before-mentioned Ex-
periment, was found to be 26.58 Ib. Avoirdupois,
— 188060 grains ; and, as 81.631 grains of ice-
cold water require the Heat generated in the com-
buftion of 1 grain of wax, to heat it 180 degrees,
the former quantity of ice-cold water, namely
18806c grains, would require the combuftion of
no lefs than 2303.8 grains ( =4.% oz. Troy) of wax,
to heat it 180 degrees.

As
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As the Experiment (N° 3) in which the given
quantity of Heat was generated by friction, lafted
2 hours and 30 minutes, = 150 minutes, it is
neceflary, for the purpofe of afcertaining how
many wax-candles of any given fize muft burn te-
gether, in order that in the combultion of them
the given quantity of Heat may be generated in the
given time, and confequently with the fame celerity
as that with which the Heat was generated by
frittion in the Experiment, that the fize of the
candles fhould be determined, and the quantity of
wax confumed in a given time by each candle, in
burning equably, fhould be known. !

Now I found by an Experiment, made on pur-
pole to finifh thefe computations, that when a good
wax-candle, of a moderate fize, } of an inch in dia-
meter, burns with a clear flame, juft 49 grains of
wax are confumed in 3o minutes. Hence it ap-
pears, that 24¢ grains of wax would be confumed
by fuch a candle in 150 minutes; and that, to
burn the quantity of wax ( = 2303.8 grains) ne-
ceffary to produce the quantity of Heat attually
obtained by friction in the Experiment in queltion,
and in the given time, (150 minutes,) nine candles,
burning at once, would not be fufficient ; for g
multiplied into 245 (the number of grains con-
fumed by each candle in 150 minutes) amounts to
no more than 2205 grains; whereas the quantity
of wax neceffary to be burnt, in order to produce
the given quantity of MHeat, was found to be
2303.8 grains. '

LL 3 From
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From the refult of thefe computations'it appears,
that the quantity of Heat produced equably, or in
a continual {tream, (if I may ufe that expreflion,)
by the friction of the blunt fteel borer againft the
bottom of the hollow metallic cylinder, in the
Experiment under confideration, was greater than
that produced equably in the combuftion of nine
wax-candles, each 3 of an inch in diameter,  all

burning together, or at the fame time, with clear
bright flames.

As the machinery ufed in this Experiment could
ealily be carried round by the force of one horfe,
(though, to render the work lighter, two horles
were attually employed in doing it,) thefe compu-
tations thow further how large a quantity of Heat
might: be produced, by proper mechanical con-
trivance, merely by the ftrength of a horfe, with-
out either fire, light, combuftion, or chemical de.
compofition ; and, in a cafe of neceflity, the Heat
thus produced might be ufed in cooking victuals.

But no circumitances can be imagined, in which
this method of procuring Heat would not be dif-
advantageous ; for, more Heat might be obtained
by ufing the fodder neceflary for the fupport of a -
horfe, as fuel.

As foon as the laft-mentioned Expenment
(N°3.) was finifhed, the water in the wooden
hox was let off, and the box removed; and the
borer being taken out of the cylinder, the fealy
metallic powder, which had been produced by
the fnﬂmn of the borer againft the bottom of

the
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the cylinder, was colleted, and, being  carefully
weighed, was found to weigh 41435 grams, or
about 8% oz. Troy.

As this quantity was produced in 2} hours, this
gives 824 grains for the quantity produced in baif
an bour.

In the firft Experiment, which lafted only balf an
hour, the quantity produced was 847 grains.

In the Experiment N° 1. the quantity of Heat
generated, in balf an hour, was found to be equal
to that which would be required to heat slb.
Avoirdupois of ice-cold water 180 degrees, or
caule it to boil.

According to the refult of the Experiment
N° 3. the Heat generated in half an hour would
have caufed g.31lb. of ice-cold water to boil
But, in this laft-mentioned Experiment, the Heat
generated being more effectually confined, lefs of
it was loft ; which accounts for the difference of
the refults of the two Experiments.

It remains for me to give an account of one
Experiment more, which was made with this ap-
paratus. I found by the Experiment N°® 1. how
much Heat was generated when the air had free
accefs to the metallic furfaces which were rubbed
together. By the Experiment N° 2. I found
that the quantity of Heat generated was not fen-
fibly diminifhed when the free accefs of the air was
prevented; and by the refult of N° 3. it ap-
peared that the generation of the Heat was not
prE‘i’EﬂtEd or retarded, by keeping the apparatus

o immerfed
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immerfed in water. But as, in this laft-mentioned

Experiment, the water, though it furrounded the
hollow metallic cylinder on every fide, externally,
was not fuffered to enter the cavity of its bore,
(being prevented by the pifton,) and confequently
did not come into contac with the metallic furfaces
where the Heat was generated ; to fee what effeits
would be produced by giving the water free accefs
to thefe furfaces, I now made the

Experiment, N° 4.

‘The pifton which clofed the end of the bore of
the cylinder being removed, the blunt borer and
the cylinder were once more put together ; and the
box being fixed in its place, and filled with water,
the machinery was again put in motion.

There was nothing in the refult of this Experi-
ment that renders it neceflary for me to be very
particular in my account of it. Heat was gene.
rated, as in the former Experiments, and, to all
appearance, quite as rapidly ; and I have no doubt
but the water in the box would have been brought
to boil, had the Experiment been continued as long
as the lalt. The only circumftance that furprifed
me was, to find how little difference was occafioned
in the noife made by the borer in rubbing againft
the bottom of the bore of the cylinder, by filling
the bore with water. This noife, which was very
grating to the ear, and fometimes almoft infup-
portable, was, as nearly as I could judge of it,
quite as loud, and as difagrecable, when the fur.

2 faces

s
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faces rubbed together were wet with water, as
when they were in contact with air.

By meditating on the refults of all thefe Expe-
riments, we are naturally brought to that great
queltion which has {o often been the fubjett of
{peculation among philofophers ; namely,

What is Heat 7—Is there any fuch thing as an
igneous fluid ?——1s there any thing that can with
propriety be called caloric?

We have feen that a very confiderable quantity
of Heat may be excited in the Frition of two me-
tallic furfaces, and given off in a conftant ftream
or flux, in all diretions, without interruption or
intermiflion, and without any figns of diminution
or exhauftion,

From whence came the Heat which was con.
tinually given off in this manner, in the foregoing
Experiments ? Was it furnifhed by the fmall par-
ticles of metal, detached from the larger {olid
mafles, on their being rubbed together? This, as
we have already feen, could not poffibly have been
the cale.

Was it furnithed by the air? This could not
have been the cale; for, in three of the Experi-
ments, the machinery being kept immerfed in
water, the accefs of the air of the atmofphere was
completely prevented.

Woas it furnifhed by the water which furrounded
the machinery ! That this could not have been the
cafe is evident; fr/?, becaule this water was con.
tinually receiving Heat from the machinery, and

: could
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could not, at the fame time, be giving #o, and re-
ceiving Heat from, the fame body; and fecondly,
becaufe there was no chemical decompofition of
any part of this water. Had any fuch decompofi-
tion taken place, (which indeed could not reafon-
ably have been expelted,) one of its component
elaftic fluids (moft probably inflammable air) muft,
at the fame time, have been fet at liberty, and, in
making its efcape into the atmofphere, would have
been detected ; but though I frequently examined
the water to fee if any air bubbles rofe up through
it, and had even made preparations for catching
them, in order to examine them, if any fhould
appear, I could perceive none; nor was there any
fign of decompofition of any kind . whatever, or
other chemical procefs, going on in the water.

Is it poflible that the Heat could have been
fupplied by means of the iron bar to the end of
which the blunt fteél borer was fixed? or by the
fmall neck of gun-metal by which the hollow
cylinder was united to the cannon? Thefe fuppo-
fitions appear more improbable even than either of*
thofe before mentioned ; for Heat was continually
going off, or out of the machinery, by both thefe
paflages, during the whole time the Experiment
lafted.

And, in reafoning on this fubjett, we muft not
forget to confider that moft remarkable circum-
ftance, that the fource of the Heat generated by
friftion, in thefe Experiments, appeared evidently

to be inexhauflible.
It
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It is hardly neceffary to add, that any thing
which any infilated body, or fyftem of bodies, can
continue to furnith wwithout limitation, cannot pof-
fibly be @ material fubftance: and it appears to me
to be extremely difficult, if not quite impofhible, to
form any diftinét idea of any thing, capable of
being excited and communicated, in the manner
the Heat was excited and communicated in thefe
Experiments, except it be moTION,

I am very far from pretending to know how, or
by what means, or mechanical contrivance, that
particular kind of motion in bodies, which has
been fuppofed to conftitute Heat, is excited, con-
tinued, and propagated, and I fhall not prefume to
trouble the Society with mere conjeftures; par-
ticularly on a fubject which, during fo many thous-
fand years, the molt enlightened philofophers have
endeavoured, but in vain, to comprehend.

But, although the mechanifm of Heat fhould, in
fa&t, be one of thofe myfteries of nature which
are beyond the reach of human intelligence, this
ought by no means to difcourage us, or even leflen
our ardour, in our attempts to inveftigate the laws
of its operations. How far can we advance in any
of the paths which fcience has opened to us, be-
fore we find ourfelves enveloped in thofe thick
mifts which, on every fide, bound the horizon of
the human intelle¢t ? But how ample, and how

interefting, is the field that is given us to ex-
plore !

Nobody,
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i Nobody, furely, in his {fober fenfes, has ever
pretended to underftand the mechanifm of gravi-
tation ; and yet what fublime difcoveries was our
immortal NewTo~ enabled to make, merely by
the inveftigation of the laws of its ation !

The effets produced in the world by the agency
of Heat are probably ju2 as extenfive, and quite
as important, as thofe which are owing to the
tendency of the particles of matter towards each
other ; and there is no doubt but its" operations
are, in all cafes, determined by laws equally im.
mutable.

Before I finifh this Effay, I would beg leave to
oblerve, that although, in treating the fubject I
have endeavoured to inveftigate, I have made no
mention of the names of thofe who have gone
over the fame ground before me, nor of the fuc-
cefs of their labours; this omiflion has not been
owing to any want of refpect for my predeceflors,
but was merely to aveid prolixity, and to be more
at liberty to purfue, without interruption, the na.
tural train of my own ideas.

DeEescrip-
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DEScRIPTION of the FIGUREs.

Fig. 1 fhows the cannon ufed in the foregoing
Experiments, in the ftate it was in when it came
from the foundry.

Fig. 2 fthows the machinery ufed in the Ex-
periments N° 1 and N” 2. The cannon is feen
fixed in the machine ufed for boring cannon. W
is a ftrong iron bar, (which, to fave room in the
drawing, is reprefented as broken oft,) which bar,
being united with machinery (not exprefled in the
figure) that is carried round by horles, caules the
cannon to turn round its axis.

m is a {trong iron bar, to the end of which the
blunt borer is fixed; which, by being forced
againft the bottom of the bore of the fhort hollow
cylinder that remains conneéted by a fmall cylindri.
cal neck to the end of the cannon, is ufed in gene-
rating Heat by friction.

Fig. 3 thows, on an enlarged fcale, the fame
hollow cylinder that is reprefented on a f{maller
fcale in the foregoing Figure. It is here {een con-
nefted with the wooden box (g, 4, i, £,) uled in
the Experiments N° 3 and N° 4. when this hol-
low cylinder was immerfed in water.

£, which is marked by dotted lines, is the pifton
which clofed the end of the bore of the cylinder.

7 is the blunt borer feen fidewife.

d, e, is the fmall hole by which the thermo-
meter was introduced, that was ufed for alcertain-

ing
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ing the Heat of the cylinder. To fave room in the
drawing, the cannon is reprefented broken off
near 1ts muzzle ; and the iron bar, to which the
blunt borer is fixed, is reprefented broken off
at . *

Fig. 4, is a perfpeltive view of the wooden box,
a feCtion of which is feen in the foregoing Figure.
(See g, b, i, k, Fig. 3.)

Fig. 5 and 6, reprefent the blunt borer #, joined
to the iron bar s, to which it was faltened.

Fig. 7 and 8, reprefent the fame borer, with its
iron bar, together with the pifton which, in the
Experiments N° 2 and N° 3. was ufed to clofe
the mouth of the hollow cylinder.

END OF THE SECOND VOLUME,
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