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ESSAY VL

CHAPRP L

The Subject of this Effay curious and interefting in
a wery high degree—All ‘the Comforts, Conve-
niencies, and Luxuries of Life, are procured by
the Affiftance of Firr and of HeaT.—The Wafte
of -Fuel wery great.—Importance of the Economy of
Tuel to Individuals, and to the Public.——Means
ufed for ¢ftimating the Amount of the Wafie of Fuel.
~An Account of the fir/t Kitchen of the Houfe of
Induftry at Munich, and of the Expence of Fucl in
that Kitchen, compared with the Quantity confumed
in the Kitchens of private Families.~—An Account
of feveral other Kitchens confiructed on warious
Principles at Munich, under the Direction of the
Author.—Introduction to a more feientific Invefti-
gation of the Subject under confideration.

No fubject 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.
Almoft 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-
fully to every circumitance relative to this intereft-
ing fubject that occafionally came under my obferv-
ation, foon led me to difcover how much this
fcience has been negle&ed, 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 wafte of Fuel in all countries muft be
apparent to the moft curfory obferver; and the
ufes to which I'ire is employed are fo very extenfive,
and the expence for Fuel makes fo confiderable an
article in the lift of neceflaries, that the importance
of the fubject 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 manufattures,
without exception, depend, direitly or indireétly,
on operations in which Fire is neceffary, it is of

much



and the Economy of Fuel. 5

much importance to a manufa&urmg and com-
mercial country to keep the pncc of Fuel as low as
poffible :~—And even in countries where there are
no manufaétures, and where the inhabitants fubfift
entirely by agriculture, if wood be ufed as Fuel—
%s the proportion of woodland to arable muft de-
pend in a 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 fubjeft 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 neceffary 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 feafons,—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 fo them
of the fubje&t 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

B3 conves



6 Of the Management of Fire,

conveniencies of life, thefe inveftigations cannot but
be very interefting.

Though it is generally acknowledged that there
is a great wafte of Fuel in all countries, arifing from
ignorance and careleffnefs 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 generated, from
the Fuel altuaily confumed, is carried up into the
atmofphere with the fmoke, and totally loft.. And
this opinion has not been formed hatftily ; on the
contrary, it is the refult of much attentive cbferv-
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 gpinions, but to lay be-
fore them the grounds upon which thofe opinions
have been founded; in order that every one inay

judge for himfelf of the certainty, or probability,
of my dedutions.

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 fhow that, as the procefs of boiling is com-
monly performed, there muft of neceflity 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, but alfo of that which

exifts
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exifts in the flame, fmoke, and hot vapour, a very
fmall proportion only enters the veffel ; the reft
going off with great rapidity, by the chlmney, into
the higher regions of the atmofphere. But, with-
out infilting upon thefe reafonings, (though they
are certainly mcontrovcrt:ble,) I fhall endeavour ta
eftablifh the facts in queftion upon ftill more falid
ground—that of attual 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 exactly the proportion of
the heat faved, or ufefully employed, to that loft :
Inftead therefore of being able to determine this
point direftly, 1 was obliged to have recourfe to
approximations. Iuftead 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 a2 more ad-
vantageous arrangement of the Fire, and difpofition
of the machinery: And feveral extenfive public
eftablifhments, which have been ereéted in Bavaria
within thefe laft fix or feven years, under my direc-
tion, by order of His Moft Serene Highnefs the
ELecTtor ParaTiNe; particularly an eftablith-
ment for the Poor of Munich (of which an account
has been given to the Public in my Firft Effay) ; and
the Eftablithment of a Public Academy for the edu-
cation of 180 young men, deftined for the fervice
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of the State in the different civil and military de-
partments ;—the economical arrangements of thefe
eftablithments afforded me a molt 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 attually
made in thefe two eftablithments, 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 three times, and that of the
Military Academy twice, during that period ; and
that the forms of the boilers, and the internal con-
ftruction 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 trom 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 conftruétion: And this will at the fame
time fhow, in a clear and fatisfaCtory 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
lipuid over an open fire, in the manner in which

that
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that procefs is commonly performed, and the great
faving of Tuel 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 myfeif,
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, 19! inches in diameter below,
and 24 inches in depth, and which weighed so Ibs.
weight of Bavaria, (=61.92 lbs. Avoirdupois,)
being fixed in its fire-place, was filled with g5 Ba-
varian megures (= 28 Englifr wine-gallons) of
water, which weighed 187 Bavarian pounds
(= 232.58 lbs. Avoirdupois); and this water be-
ing at the temperature of 58° 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. Ibs.

‘To make the waterboil, - - 1 1 — 81
To keep the water boiling, - - 2 o0 — 2t
Total, 3 1 — 1 3%
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Experiment, No. 2:

The fame boiler, comammg the fame quantity
of water at' the ﬁme 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 as
fparing as poffible of Fuel,) and it was made to
boil, and continued boiling two hours.

The refult of the Experiment was as follows :

Time employed. Wood confumed.

Ilours. Min. Ihs.

To make the water boil, - - 1 31 45
To keep it boiling, - - 2 o — 174
Total, 3 3t - '63;

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 135 Ibs. and the other amounting to no

; lefs
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Jefs than 62} 1bs.). And this fhows how very cons
fiderable the wafte 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 advantageoug
arrangement for the management of Fire. But greas.
as thefe favings may appear to be, as thown by the
refults of the foregoing Experiments, yet they are
in faét flill more confiderable, as will be abun-
dantly proved in the fequel. In the Experiment,
No. 2. in which the boiler was put over an openm
Fire, great care was taken to place the Fuel in the
moft advantageous manner ; but, in general, little
attention is paid to that circumftance, and the wafte
of Fuel is greatly increafed by fuch negligence: But
in clofed fire-places, upon a good conftruétion, as
the proper place for the Fuel cannot be miftaken,
and as it fffixed and bounded on all fides by a
wall, the ignorance or inattention of thofe who
take care of the Fire can never be produtive of
any great walte 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 cafférole, 11% inches
in diameter above,—10? in diameter below, and
3¢ inches deep, containing 4 mealures of watef,
weighing 71+ Ibs. and at the temperature of 58°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. o

The refult of the Experiment was as follows :

Time employed. Wood confumed.

Hours, Min. 1bs,

To make the water boil, - - o 12— 1
To keep it boiling, - - - 2 0 — o}
Total, 2 12 i

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 a tripod ; 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. Ibs,

To make the water boil, . - o 28— 6
To keep it boiling, - - - 2 o — gk
Total, 2 28 — 1t

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 boiling 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 direted.

But I muft again repeat, what I have already ob-
ferved with refpe 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 wafte of
Fuel, which take place in the common operations
of cookery.

From feveral eftimates which I have made with
great care §elative 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 leaft 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 conftruted under my dire@ions.

But it is not alone in kitchens, in which cooking
is 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 ok
Ceptible of great improvement.

- The various improvements that may be made in
niechanical arrangements for the Economy of Fuel
will appear in a ftriking manner from a detail of the
different alterations which have from time to time
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 1500 petfons
daily, the Economy of Fuel, in a kitchen upon fo
large a fcale, became an object of ferious confider-
ation ; and I attendcd to this matter with peculiar
p}eafure, 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 fubjet, as to make fome difco-
veries which were thought-worthy of being inferted
in the Philofophical Tranfactions of the Royal So-
ciety of London; and for my laft paper upon that
fubject, publithed in the Tranfactions for the year
1792, 1 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
1 undertook to make the arrangements of which I

15 am
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am about to give an account, the fubjet was by
Tio means new to me; but, on the contrary, that
1 was prepared, and in fome meafure qualified, for
fuch mveﬁ:xganon

I conceive it to be the duty of thofe who propofe
ufeful improvements for the benefit of mankind,
not only to merit, but alfo to do every thing in
their power to obtain, the confidence of thofe to
whom their propofals are fubmitted ; and there ap+
pears to me to be a much greater degree of pride
and arrogance dilplaged by an author in faking it
JSor granted that the world is already fufficiently ac.
quamted 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 tht” Public in his knowledgé of
his. {ubje& and in his integrity,"may be founded.

But to return from this digreffion. In the firft
arrangement of the kitchen in the Houfe of Induftry
at Munich, which was finifhed in the beginning of
the year 17qo, 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
{olid 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 atual contact with the fire-place, and
fome of them were diftant from it near 15 feet, yet
they were all heated with great facility, and in a
thort fpace of time, by the heat which, upon open«
ing the valves, (which were of iron,) was made to
pals 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 pafs under the
boiler ;—and when no more heat was wanting for
any of the boilers, or when the fire was too firong,
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 pafs off direitly into the chlmney, without going
near any of the boilers.

The Fire was rcgulated by a regifter in the door
of the ath-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 fame time all the valves
or dampers in the canals leading from the fire-
place. .

The fire-place was of an oval form, 3 fect long,
2 feet 3 inches wide, and about 18 inches high,
vaulted above with ¢ 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
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lofed by a dauble iron door, which door .was kept
conftantly fhut ;~and the Fuel was burnt upon ag
iron grate; the air which fupplied the Fire coming
up from below the grate through the afh-pit.

The lofs of heat in its paffage 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 paffed, .and which
was 5 inches wide internally, and 6 inches “high,
being itfelf placed, and, as it were, n/ulated, in a
canal ftill larger, in fuch a Manner that the canal
by which the heat paffed, (which was conftruéted
of very thin bricks, or rather tiles,) was_furrounded
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 fame purpofe,
namely, zo confine more effectually the heat, and pre-
vent its efcape into the mafs 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
oppofed to heat, to confine it, I endeavoured to avail
myfelf of that difcovery in thefe economical ar-
rangements, and my attempts were not unfuccefl-
ful.

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

* See Philofophical Tranfaftions, 1793, Part I.
VOL. 1I. c €rs,



18 OF ‘the Mariagement of Fire,

#ts; were furrounded by confined air, but it was
#Hfo made ufe of for conﬁmng the heat in thé boil-
érs, and preventing its efcaping into the atmo-
fphere. This was done by making the covers of
the boilers double. Thefe eovers, (See the figures
1 and 2, Plate I.) which were made of tin, or rather
of thin iron-plates tinred, were in the form of 2
hollow cone ; the height of the cone was equal to
about one-third of its diameter ; and the air which
it contained was entirely fhut up, the bottom of the
cone being clofed by acircular plate or.thin fheet 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 fleam, ge-
nerated by the boiling liquid, was carried off by a
tube about half an inch in diameter, which paffed
through the hollow conmical 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 coneswas 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 hollow 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
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To convince the numerous firangers, wio from
curiofity 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 dif-
tinguithed from them ; but as its bottom was want-
i‘hg, and confequently there was no confined air in-
terpofed between the hot fteam in the boiler and the
external furface of the cover, on being placed upon
a kettle a&ually boiling, this cover inftantaneoufly
became fo exceedingly hot as actaally 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 eafy to conceive that what was fo ex-
ceedingly hot as to burn the hand, in an inftant,
upon touching it, could not fai} to communicate a
great deal of heat to the cold atmofphere, which
continually lay upon it, this Experiment fhowed,
in a ftriking and convincing manner, the utility of
my double covers; and I have fince had the fatif~
faltion to fee them gradually finding their way into
common ufe. * )

It is perhaps quite unneceffary that I thould 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 introduge uffe;

c2 u



Tmpg0%37 Ot-184:10

9 Of the -Manogesient of Fire,
ol improvemenis relative to the Mapagement of

§5&t .and the.Economy of Fuel, into cornmon«prac-
tice. . .An eftablifhment fo interefting in all re-
fpects,—fo impprtant in. its confequences,—and fo
perfeétly new in Bavaria, as a public Houfe of In-
duftry upon a liberal and extenfive plan,-—where
almoft every trade and manufa@ure is carried on
under the fame roof,—where the poor and indigent
of both fexes, and of all ages, find a comfortable
alyldm, and employment fuited to their ftrength '
and to their talents ; ; and where indultry is excited,
not by punifbments, but by the moft 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 alfa the bake-
houfe,—the fteves for heating the rooms,—the
amps,— the vanous utenfils and machines made
u'e of in the different manufattories,—all the differ-
ent economical agrangements and contrivances for
facilitdting the operations of ufeful mduﬂr), were
fo many models exprefsly made for imitation.

. But in the arrangements relative to the Econemy
of Fuel, befides a view to imniediate public utility,
another motive, not much lef¢ powerful, contri-
buted to induce me to pay all poffible attention to
the fubject; namely, a defite to acquire a mere
thorough knowledg¢ relative to the nature of Heat,

.
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and of the laws of" its ‘operations; and with this

view~ feveral patts were added ‘to-the machinery, -
which I fufpeted at the time to be too comphcated

to be really ufeful in common praétice.: -

The fteam, for inftance, which arofe. from the
boiling liquids, inftead of being fuffered: to.elcape
into the atmofphere, was carried up by tubes into
a room immediately over the kitchen, where it was
made to pafs through a fpiral wormt, placed ina
large cafk #ull of cold water, and condenféed, 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
cafk that contained it was put into another cifk ftill
larger ; and the fpace between the two catks was
filled with wool. The cooling of the fteam, in'its
paflage from the boiler to the cafk where it was
condenfed, was prevented by warm coverings of
{heep-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-
wife 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 wag laid-
under contribugion,  After it had paffed under the
poilers, and juft as it was about to efcape by the

C3 chimney,



i1 OF the Manageriont of Fire,

chimney, it was ftopped ; "and, by béing made to
pafk under a large copper filled with cold water,
was deprived of the greater'part of the heat it till
retained : And thinking it probable.that confider-
able advantages would be derived from drying the
wood .very thoroughly, and even hezting 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 af an oven, in which the
wood, neceflary for the confumption of she kitchen
for one day, ‘(having previoufly been cut into billets
of a proper: fize,) was dried during 24 hours, pre.
vious to its being ufed.

In a fmaller kitchen, (adjoining to that I have
been defcribing,) which was conftruted merely as
a model for imitation, and which was conftantly
apen for the infpetion of the Public, five boilers of
different fizes, all heated by the fame fire, were .
placed in 4 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 uygon the brick-work.—A tube of
copper, tinned on the outfide, which went through
the cafk, gave a paffage to the fmoke, and this tube
was connefted with the bottom of the catk by
means of a circular plate of copper through which
the tube paflfed, which plate clofed a circular open-
mg in the bottom of the catk fomewhat larger in
diameter than the tube.

This
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ﬁyecaﬂ\, and the ﬂmng made water-rgght by in-
terpofing between the metallic plate and the wood
a fheet of pafteboard ; and the tube was faftened
to the plate with foider. This tuybe, (whll:h was
about 6 inches in diameter,) as foon as it had
pafled 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 {moke pafled through
the calk, 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 fypplied with wa-
ter from a relervoir 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 was immediately replaced
from the refervoir ; but as fod¥ as the water in the
cafk had regained its proper height, the cold water
from 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 acually boiled in a wooden cafk, and
drawn from it boiling hot, by a brafs cock. I
have been the more particular in defcribing the

c 4 manner
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manner in which this was dore, as I have reafon
to think that a contrivance of this kind, or fome-
thing fimilar to it, might, in many cafes, be applied-
to ufeful purpofes. No contrivance can poffibly be
invented by which heat can be communicated to
fluids with fo listle lofs; and as wood is not only
an excellent non-conduor 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 thofe deftined for other fimilar
procefles, in which great quantities of water are
heated, or evaporated, be conflrufted 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 fubjeét; I
fhall 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 five 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 Englith feet 8,3 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 1bs. Avoirdupois,) coft at an
average about 5% florins (= gs. 6§d. ftérting) i
the market.

Of this wood the: daily confumption, when
foup was provided for 1000 perfons, was about
300 Ibs. Bavarian weight, or about ¥, or more e:t-
atly ; of a cord or clafter, which coft. 43 ‘creut-
zers, (6o creutzers makhg a ﬁonn,) or about
1s. 3id. {terling : And this gives -.; of a creutzer,
or ;% of a farthing, for the daily expence for Fuel
in cooking for each perfon.

To make an eflimate of the daily expence for
Fuel in cooking the faine 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 luduitry, to be feparated into fa-
milies of 5 perfons cach.

This would make jult 200 fawilies; and the
quantity of wood confumed in the public kitchen
daily for feeding 1000 perfons, (= 3001bs.,) being
divided among 200 families, gives 1} Ibs. of wood
for the daily confumption of cach family; and
according to this eftimate, 1 cord of wood, weigh-
ing 22c01bs. 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 privare families in
operations of cookery, as they are now generally
performed over an open fire, I find that § Bivarian
pounds of-good peas-foup can hardly be prepared

at
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at a defe expence ot Fuel than 15 Ibs. of dry beech.
wood of the beft quality ; confequently, a cord of
fach wood, inftead of fufficing for preparing a foup
daily for a family of 5 perfons for 4 years, would
hardly fuffice for fo long a time as 5 months.

And hence it appears, that the confumption of
Fuel in the kitchens of private families, is to that
confumed in the firft kitchen of ‘the Houfe of In-
duftry at Munich, in preparing the fame quantity of
the Jame kind of fowod, (peas-foup,) as 1o to 1%
‘But it muft be remembered, that this difference in
the quantities of Fuel expended is not cccafioned
entirely by the difference between the two methods
of managing ythe Fire; for, exclufive of the effe
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 kjtchen in the Houfe of Induftry was finithed
in the beginning of the year 1790. And much
about the fame time, two other public kitchens
upon a large fcale were erected at Munich, under
my directions ; namely, the kitchen belenging to

Afterwards, on altering 'the kitchen of the Houfe of Induftry,
and fitting it up on better principles, the Economy of Fucl was car-

ried ftill farther, as will be feen in the fequel of this Efay,

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 eretted,

There is likewife in the garden, (which is 6 Eug«
lith miles in circumference,) an inn—a farm-houfe;
and a large dairy; and thefe eftablifhments gave
me an opportunity of conftrulting 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 fcales, and confequently of making' many
interefling Experiments relative to the Management
of Heat, and th: Economy of Fuel. ’

That I did not negleét thefe ppportunities of pur-
fuing, with effect, a fubject 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 fubje& of philofophical inweftigation

- is capable of infpiring in an inquifitive mind.

As the Experiments I have made, or caufed ta
be made, in the different eftablithments before men.
tioned, during the fix or feven years that they have
exifted, are ettremely numerous ; it would take
up too much time to give an account of them in
detail ; I fhall therefore content mvfelf with mercly

noticing
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noticing’ the genetal refults of them, and mentian-
i mote particularly only *fuch of them as appear
£ e to be moft important. And in regardto the
peculiar conftricion of the different kitchens above
mentioned, as moft of them have undergone many
alterations, and as no one of them remains exaétly
in the fame ftate in whichi«it was firft conftruted,
¥ do not think it neceffary 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 1 fhall
come to fpeak of thofe improyements which have
ftood the teft of actual experience, and which  can
recommend as being worthy of imitation, 1 fhall
take care to be very exalt and particular in my
deferiptions.

It will not be found very difficult, I fancy, from
what has been faid, to form a pretty juft idea of the
conftryftion 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
conftrufted upon a different principle : Inftead of
heating 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, fumilar to thofe made uie of in
the kitchen of the Houle 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,
bv the cxperiments made in the kitchen of the

Houfe



and the.Eronimy. of Euel 9

Houfe of Induftry; that when the Fire is properly
managed, thatis to fay; when the heat is but juft
fufficient to keep the liquid boiling hot,-or very
gently boiling, the quantity of* fteam genented 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 iton 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 contaét; 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 truncated
eone, of burnt clay or common earthen-ware,
which cone was 4 inches long, 6 inches iff diameter
mternally, and 8 inches in diameter externally, at its
larger end or.bafe ; and g% inches in diameter in-
n.rnaily, 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 epening
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



cavity being clofed with a fit ﬁopper of earthen.
wyre;-as earthen-ware is a non-conduftor of hw,

or as heat cannot pafs through it but with great
difficulty, and vety flowly, the external furface of
this’ eone and its {topper were never much heated,
confequently the quantity of heat they could coms
municate to the atmofphere was but very trifling.
This contrivanee was afterwards rendered much
more fimple, by fubftituting, inftead of the hollow
cone, a tile, 1o inches {quare, and about 2 £ inches
thick, with a conical hole in its center, 6 inches in
diameter externally, and 54 inches in diameter
within, provided with a fit baked earthen ftopper.
(See the Figures, N° 6, 7, and 8. Plate 1.)

A perforated fquare tile is preferable to a hollow
cylinder for forming a paffage into the fire-place,
mot only becaufe it is cheaper, ftronger, 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 ftoppers, they may be
afforded for a mere trifle. In Munich they are
made of the very beft earth, by -the Ele&tor’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-ftone by 2
Aone-cutter, but they coft me 1 florin and 30
creutzers, or about 2s. gd. fterling each.

_Though thofe made of ftone anfwered perfetly
well, yet I found them not better than thofe made
15 of
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of:earthen<wate ; -and as thefe laft are much cheap.
er, and I believe equally durable, they ought cer«
tainily to be preferred. That the ftopper may be
made to fit with aecuracy the hole it is intended to
clofe, (which is neceffary, as will be feen hereafter,)
they may be ground together with fine fand ma&ﬂ:-
ened with water.

Senfible, from the beginning, of the great im«
portance of being abfolutely mafter of the air which.
is admitted into the fire-place to feed the Fire, foas
to 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 exattly the paffage into the afha
pit by a door carefully fitted to its ffame, the air
being admitted through a femicircular opening fur.
nifhed with a regilter in the middle of this dogr.
This contrivance (which admits of no further ime
provement) is indifpenfably neceflary in all weH.
conftru@ed fire-places, great or fmall (See the
Figures from Fig. g to Fig. 16. Plate IL)

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

Two or more boilers of the fame capacity, but
of different forms, conftructed of fheet copper of
the faime thicknefs, were placed in clofed firesplaces;
conftruted as nearly as poffible upon the fame

principles,
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pringiples, and were ufed for a length of time Jn
shie fame culinary proceffes; and the quantity of
Enel confumed by each being noted; the compa-
‘rative-_advantag;es of their different forms were af-
certained. . - Some of thefe boilers were made deep
and narrow;—others wide and tfhaliow ;—there
'were fome with flat bottoms ; others of a globular
form ; and others again with their bottoms drawn
inward like the bottom of a common glafs bottle.
The reflults of thefe inquiries were very curious, and
fed me to a moft interefting difcovery :—They
taught me not only what forms are beit for boilers ;
but alfo (what is ftill more interefting) <why one
form is preferable to another:—They gave me
much new light with refpect to the manner in which
flame and hot vapour part with their heat; and
fuggelted 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
2 clear and fatisfactory 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 alittle, and to treat the fubject
under confideration in a more regular and fcientific
manner.
= Though it was not my intention originally to
write an elementary treatife on Heat, yet, as the firft
or. fundamental principles of that {cience are necef-
fary to be krown, in order to eftablith upon folid
grounds
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go:mds the praical rules and diretions 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 ®f the fubject, and to treat it methodlca.lly,
and atfomelength.

I have perhaps already expofed myfelf to cri~'
ticifm, by paying fo little attention to method in
this Effay, as to poftpone fo long the inveftigation
of the clementary principles of the fcience I have
undertaken to tregt.—It may be thought that the
part of the fubje®'l am now about to confider
fhould have preceded all other inveftigation ;—that
inftead of occupying the middle of my book, it
ought to have been difcuffed in the Introdution,
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 fubject, it has arifen
not from inattention, but from an error of judg-
ment. Deflirous rather of writing an wjeful book,
than of being the Author of a jplendid performance,
I have not fcrupled to tranfgrefs the eftablifhed rules
of elegant compefition inall cafes where I thought it
would contribute to my main defign, pwblic 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 {o abftrufe a {ubjet, I have
endeavoured to decsy my reader into the fituation
in which I with him to be placed, in ofder to his
having a complete view of the profpect I\have pre-

VOL. il. D pared
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pared for him, rather than to force him into it. .Jf
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
withed to entice him on as far as poffible, without
letting him perceive the difficulties of the roadl ; and
now that we have come on together fo far, and are
fo near our journey’s end, I hope and truft that he
will not leave me.—To proceed therefore—
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C I‘I A Po H.-

Of the GENgrATION OF HEAT in the ComBUSTION
oF Furr-Without knowing what Heat really.
is, the Laws of its Aion may be inveftigated.—
Probability that the Heat gencrated in the Combu/-
tion of Fuel is fagnifbed by the Air, and not by the
Fuel.—Effeéts of blowing a Fire explained.—Of
Fire-places in which the Fire is made.to blow itfelf.
—Of Air-furnabes.— Thefe Fire-places illuftrated
by a Lamp on Argand’s Principle.—Great Import-
ance of being able to regulatc the Quantity of Air
which enters a clofed Fire-place.—Utility of Damp-
ers in the Chimnies of clofed Fire-places.—~—General
Rules and Direltions for confiructing clofed Fire-
places ; with a full Explanation of the Principles
on which thefe Rules are founded, '

ITHOUT entering into thofe abftrufe and moft
difficult inveftigations refpeting the Na-

ture of Firr, 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 ig-
zeous fluid, or not ;—whether what we call{Heat be
occafioned by the accumulation, or by the fncreafed
altion of fuch a fluid ;—or whether it aryfes merely
from an increafed motion in the component par-
D2 ticles
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ticles of the body heated, or of fome elaftic4tuid by__
which thofe particles are {uppofed to be furround-

ed, and upon which they are fuppofed to aét, or by

which they are fuppofed to be ated upon :—In.
fhort, without bewildering myfelf znd any reader

in this endlefs labyrinth of darknefs,;and uncer-

tainty, I fhall confine my inquiries - objeéts more

ufeful, and which are clearly wirin (ie reach of

human inveftigation ;—namel-, . difcovery of

the fenfible properties of Heat, and of the moft

advantageous methods of gener: ting it, and of di-

reéting it with certainty and effe't in thofe varicus

procefles in which it is employed in the economy

of human life.

Though I do not undertake to determine what
Heat really is, nor even to offer any opiniors or
conjetures relative to that fubject; yet as Heat is
evidently fomething capable of being excited or
generated, increaled or accumulated, meafured
and transferred from one body to another ; in treat-
ing the fubject, I fhall fpeak of it as being geme-
rated, confined, direéted, difperfed, &ec. ; it being
neceflary to ufe thefe terms in order to make myfelf
underftood.

Though it is not known exaétly hew mucl Heat
it is poffible to produce in the combuftion of any
given quantity of any given kind of Fuel, yet it is
more thhn probable that the quantity depends in a
great miafure on the Management of the Fire,
It is likekf fe probable—I might fay certain—that
the Heat produced is furnifhed, not merely by the

Fuel,
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-Fuel, but_in a great meafure, if not entirely, by
the air by which the Fireis fed and fupported.
It is well known that air is neceffary to combuftion;
<#.is likewife known that the pure part of common
atm_‘fphc ic air, or that part of it (amounting to
about & 0} $ts whole volume) which alone is capable
of fupporting \the combuftion of inflammable bo-
a remarkable change, or is a&ually
decompofed in thy procefs ; and as in this decompo-
fition of pure air\ great quantity of heat’is known
to be fetloofe, or o 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-
nithes 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 is 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 is 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-gflace in a
continued ftream, and with a certain degkee of vg-
locity. Hence. blowing a fire, when thefurrent of
air is properly dire&ted, and when itffis not too

ftrong, ferves to accelerate the combuf¥on, and to
D 3 . increafe
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increafe the heat ; but when the blaft is improperly
direed, it will rather ferve to derange and to im-
pede the combuftion than to forward it ; and when
it is too ftrong it will blow the Fire ruite out, or.
totally extinguifhit. There is no fir. , i:owesEr in-

tenfe, but may be blown out by  I:':#* - nir, pro-
vided it be fufficiently ftrong, and .} .: a« infallibly
as by a ftream of cold water. €L :un-powder,

the moft inflammable perhaps of nown fubftances,
may be a&tually on fire at its fuiface, and yet the
Fire may be blown out and extiyguifhed before the
grain of powder has had time o be entirely con-
fumed. '

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

Fire-places may be {o conftrutted that the Fire
may be made to blow itfelf, or—~which is the fame
thing—to caufe a current of air to flow into the
Firc: And this is an objet to which the greateft
attention ought to be paid in the conftruion of all
fire-places where it is not intended to make ufe of
an artificial blaft from bellows for blowing the Fire.
Furnaces conftruted upon this principle have been
called air-furnaces ; but every fire-place, and par-
ticularly every clofed fire-place, ought to be an
air-furngce, and that even were it intended to ferve
only fox che fmalleft faucepan, otherwife it cannot
be perfes:.

An Argand’s lamp is a fire-place upon this con-
ﬁru&ionr;ffor the glafs tube which furrounds the

wick
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wick nd which d:.{hnguxihes this lamp from all

others) Teives 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
ot “hand wick, it may be made to give as much
light as an ,Argand’s lamp ; or at leaft quite as
much in prol.‘?rnon to the fize of the wick, and to
the quantity of (oil confumed, as I have found by
altual experlme t.

But it is not the light alone that is increafed in
confequence of thy application of thefe blowers ;=
the heat alfois rerfercd much more intenfe ;—and
2s the heat of any lire may be increafed by a fimilar
contrivance, on that account it is that I have had
recourfe to thefe lamps to affift me in explaining
the fubje under confideration. In thefe lamps
the fire-place is clofed on all fides, and the current
af air which feeds the Fire riles 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 ruthing 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 very
ftrong. -

But in order that a fire-place may be perfedt, it
fhould be fo contrived that the combyffion of the
Fuel, and the generation of the hea) may occa-

D4 onally
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fiérially be dccelératéd or retarded, withpid adding .
to "or. diminifbing the quantity of Fwel ;" and, when
the fire-place is clofed, this may eafily be done by-
means of a regi/fer in the door which clofes't'};ip;l;_
fage leading to the ath-pit ;~—for, as the. rap¥fity of
the combuftion depends upon the qvantity of air
by which the Fire is fed, by openjag the regifter
more or lefs, more or lefs air will oe admitted into
the fire-place, and confequently ynore or lefs Fuel
will be confumed, and more or Jfs heat generated
in any given time, though thd quantitv of Fuel
in the fire-place be actually rwch greater than
what otherwife would be fufficient.—Fig. 9. thews
the form of the regifter T commonly ufe for this
purpofe. '

In order that this regifter may produce its pro-
per effett, 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
fhould 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 refpet, and thatis, in put-
ting ot the Fire when there is no longer an occa-
fion for it ; for, upon clofing them both entirely,
the-Tire will be immediately extinguifhed, and the
half-contined Fuel, inflead of being fuffered to
burn ou{ o no purpofe, will be faved.

_  the fame effeéts as are produced by a
damper m&- be produced without one, by caufing
the fmoke/ after it has quitted the fire-place, to:

' 7 defcend
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defcend Teveral 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 conftrution
of fire-placey; and that is, the proper difpofition of
the Fuel ; for 1a order that the combuftion may go
on well, it isnecedary, notonly that the Fuel be in its
proper place, butlfo that it be properly difpofed ;
—that is to fay, that the folid, parts of the Fuel be
of a juft fize, and that they be not placed too near
each other, fo as te prevent the free paffage of the
air between them, nor too far afunder ; and if the
fire-place can be {o contrived, that folid pieces of
the inflamed Yuel, ac 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
experience. This may be done, in fmall fire-places,
(and in thefe it is more particularly neceflary,) 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 T now ufe,
except it be for fire-places which are very large in-
deed, are of this form; and where wood is made,
ufe of for Fuel, it is cut into fmall billets frgm’q.
to 6 inches in length. Inftead of a grate f iron,
I have lately introduced grates, or rather Jhollow
difhes or pans, of earthen ware, pcnoratﬁﬂ with a
great number of holes for giving a paffige to the

air.
Thefe
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Thefe perforated earthen pans, which are made
very thick and ftrong, are mcompar.ﬁ)ly cheaper
than iron grates ; and judging from the experience
I have had of them, I am inclined to think they
anfwer even better than the grates ; indeedr‘ft'.;p-
pears to me not difficult to aflign a, reafon why’
they ought to be better.

For large fire-places I have fometimes ufed
grates, the bars of which wer? common bricks
placed edgewife, and thefe h’ne becn found to
anfwer very well.

As only that part of the air p}uch, entering the
fire-place in a'proper manner, and in a juft quan-
tity, and coming into actual contact with the burn-
ing Fuel, /s 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 i:felf
heated at the expence of the I'ire, and going off
hot into the atmofphere by the chimney, occafions
an a&ual lofs of heat; and this lofs is often very
confiderable, and the prevention of it is fuch an

'ubje&, that too much attention cannot be paid to
it in the conftruction of fire-places.
“When the fire-place is clofed on all fides by a

often befthe cafe, a great quantity of air may in-
finyate
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finuate itfelf by the fides of \the grate into the fire-
place, witholt going through the Fire: But when,
inftead of an iron-grate, a perforated hollow earthen
an is ufed, by making the bottom of the pan of a
certairi- thicknefs, 2, 3, or 4 inches, for inftance,
and makingsall the air-holes point to one common
center, (to the focus or center of the Fire,) this fur-
tive entrance of cold zir 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 immediatcly under the grate, in the form
of an inverted, truncated, hollow cone, the open-
ing or diameter of which above being equal to the
internal diameter of the gircular 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 5. 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
poflible; care muft be taken, however, that a fmall
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 ath-pit.

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

The
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The ‘neceflity of being completely mafter of* the
paffage, by which the air enters the fire-place, has
already been fufficiently explained. '

It is perhaps unneceflary for me to obferve,kat
where perforated earthen pans are ufed inftead of
iron grates, the air-holes in the pais ought to be
rather fmaller above than below, in order that they
may not be choaked up by the fmall pieces of coal,
4nd the afhes which occafionally fall through them
into the afh-pit.
- One great advantage attending fire-places on the
conftruction here propofed, is, that they ferve
«qually 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
awag will probably be found to refult from paying
due akention to this circumftance. When the
fire-place is fo contrived as to ferve equaliy well for
all kinds of Fuel, this may be done without the
feaft difficulty or trouble.

I have
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I+have juft fhown, that narrowing that part of
the fire-place yhich lies below the grate, ferves to
make the air enter the fire in a morc advantageous
manner.  This conftruétion has another advan-
tage, perhaps ftill more important; the heat which
is projeted 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 againit the fides of this inverted
"hollow core, 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 refle€ted
by this conical furface, and, after two or three
bounds from fide to fide, is thrown up againft the
bottom of the boiler.

But in order to be able to form a clear and
diftint idea upon this fubjec, it is neceffary to
examine with carc 2ll the circumftances attending
the generation of heat in the combuftion of in-
flammable bodics, and to fee in what manner, or
under what form, the heat generated manifefts it-
felf, and how it may be colletted, accumulated,
confined, and directed.

"This opens a wide field for philofophical inquiry;
but as thefe inveftigations are not only curious an
entertaining, but aifo ufeful and important in- a
high degree, T trult my reader will pardon me for
requefting his particular attention while I endeavour
to do jultice to this molt interefting, but, at the
fame time, moft abftrufe and moft difficult part of
the fubjeét I have undertaken to treat.

The
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The heat generated in the combuftion of Fuel
manifelts itfelf in two ways ; namely, fn the hot va-
pour which rifes from the Fire, with which it may
be faid to be combined, and in the calorific rovs
which are thrown off from the Fire in all direc-
tions.—Thefe rays may, with greater gropriety, be
faid to be calorific, or capable of generating heat, in
any body by which they are flopped, than to be
called hot; for when they pals freely 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
trom whofe furfaces they are refleted ; and in thefe
refpects they bear a manifeft refemblance to the
rays emitted by the fun.

What proportion this radiant heat (if I may be
allowed to ufe fo inaccurate an expreflion) bears to
that which goes oft from burning bodies in the
fmoke and heated vapour, is not exactly knowr: ;
it is ccrtain, 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 heat is lels than that exifting in
the hot vapour, (and which, for the fake of diftinc-
tion, may be called combined heat,) the former is
ftill much too confiderable to be neglected.

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

rific rays which proceed from burning bodies, is in
fad
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fa& confiderable, is evident from the heat which is
felt in a2 rodm 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,
is entirely owing to the calorific rays thrown into
it from the burning Fuel.

The adtivity of thefe rays may be fhown in
various ways, but in no way in a more ftriking
manner than by the following fimple Experiment
When the Fire burns bright upon the hearth, let
the arm be extended in a ftraight 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 wiil uot only be
very fenfibly felt, but, if the Fire be large, and if it
burns clear and bright, it will be found to be {o.
intenfe as to be quite infupportable.

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

Rodies
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Bodies even which are heated to a lefs degree than
that which is neceffary to their emitting vi/ible light,
fend off calorific rays in all directions. This is a.
matter of fact, which has been proved by experi-
ment. Do all bodies, at all temperatures,—ireez-
ing mercury as well as melting iron,~-continually
emit thefe rays in greater or lefs quantities, or with
greater or lefs velocitics --Are bodics 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,
is hotter than that from which the rays proceed-
ed ?>—But I forget that 1 promifed not tc involve
myfelf in abftrufe fpeculation.—o return then :—
Whatever may be the nature of the rays emitted
by burning Fuel, as onc of their known properties is
to generate heat, they ought certainly to be very
particularly attended to in every arrangement in
which the Econcmy of Heat, or of Fuel, is a prin-
cipal object in view.

As thefe calorific rays generate heat in the body
by which they are f2opped or abforbed, and not in the
medium through which they pafs, it is neceffary to
difpofe thofe bodies whicl: are defigned for ftopping
ghem, in fuch a manner that they may eafily and
neceffarily communicate the heat they thus acquire
to the body upon which it is intended that it fhould
operate.

The clofed hire-places which I have recommend-
ed, and which will hereafter be more particularly
defcribed, will anfwer this purpofe completely.

The



“The Fire being clofed in thefe ﬂre;-placég. on ew?ery
fide, as well below the grate as laterally, and in
Thort every where, except where the bottom of the
boiler prefents itfelf to the Fire, none of thefe rays
can poflibly efcape; and as the materials of which
the fire-place is conftruted, (bricks and mortar,)
are bad conduttors 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 intex
rior parts of the wall, there to be difperfed and
loft. But the confining of heat is a matter of fufs
ficient importance to deferve being treated in a fe-
parate Chapter.

VOL. 1. E
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CHAP I

Of the Means of conriving HEAT, and DIRECT-

*1NG 178 OpERATIONS.—Of Conduétors and Non-
conduciors of Heat.—Common Atmofpheric Air a
good Non-conductor of Heat, and may be employed -
with great Advantage for confining it—is employed
by Nature for that Purpofe, in many Infiances—is
he 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-
Jul in Hot Countries as in Cold—ALL ELasTIC
Fruips Non-condultors of Heat.—STEAM proved
by Experiment to be @ Non-conduflor of Heati—
¥LAME is alfo @ Non-condutor of Heat.

HAT HEeaT paffes more freely through fome
bodies than through others, is a faét well
known; but the caufe of this difference in the con-
duéting powers of bodies with refpeét 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 condudting powers of va.
rious bodies with regard to Heat, may be fhewn by
a great number of very fimple experiments ;—fuch

as



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

If an izon nail and a pin of wood of the fame
form angd_dimenfions, be held fucéeffively in the
flame of a candle, the difference in the condu&ﬁlg
powers of the metal and of wood will manifeft it-
felf in a manner in which there will be no réom
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 2lmoft entirely confumed;
for the uninflamed wood will not grow hot, -and,
. till the flame a&ually comes in conta&t with the
fingers, they will not be burnt. If a fmall {lip 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 thin the
wood, but incomparably lefs fo than the pin or nail
of metal ;—and among all the various bodjes that
can be tried in this manner, no two of them will
be found to give a paffage to Heat througls' their
fubftances with exatly the fame degree f faci-
Lity * ' '
To
* To fhow the relative condulting power of the different metals,

Doftor Ingenhouz contriyed a very pretty experiment. He took -
Ea equal



52 Of the . Management of Fire,

.To confine Heat is nothing more than to prevent
ita e&@e aut 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 throngh
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 ; 3 Dor is it probable that any
fuch exifts.

‘Thofe bodies in which Heat paffes freely or ra-
pidly, are called Conduétors of Heat ; thofe i which
it makes its way with great difhculty, or very flow-
ly, Non-conduciors, or bad Conduttors of Heat. The
epithets, good, bad, indifferent, excellent, &c. are
applied indifferently to conductors and to non-cins:
dultors. A good condutor, for inftance, is one in
which Heat paflfes very freely; a good non-con-
dutor is one in which it pafles with great difficulty ;
and an indifferent gonduétor may likewife be called,
without any impropriety, an indifferent non-con-
ductor.,

eyual cylinders of the different metah, (belng firaight pmqes 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, aud obferved how far the coating of wax was melted by the
Heat communicated through the metal, and with what celerity the

Heat, palled,
Thole
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Thofe bodies whi®h Wie the worit condutors, or
rather the beft hon-condu&ors of Heat, are beft
adapted for forming coverings for confining Heat.
All the metals are remarkably good conductors
of.Heat ;—wood, and in general all light, dry, and
fpungy Bodies, are non-condu&ors Glafs, thotigh
a very hard and compa& body, is 2 non-conductor.
Mercury, water, and liquids of all kinds, are con-
duors; but air, and in general all elaftic ﬂulds,
fteam even not excepted, are non-conduétors.
Some experiments which I have lately made, and
which have not yet been publithed, have inducecl
me to fufpect that water, mercury, and all other
non-claftic 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 condu&ing powers depend -eflen-
tially upon the extreme mobility of their parts; in
fhort, that they rather tran/port Heat than allow it
a paffage. But I will not.anticipate a fubjet which
I propofe to treat more fully at fome future
period. é
The conduéting 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
fmaller pieces An iron bar, or an iron plate, for
inftance, is a much better conductor of Heat than
iron filings ; and faw-duft is a better non-coaduéor
- than wood. Dry wood-afhes is a better non-con-
duftor than either 5 and very dry charcoal reduced
to a fine powder is one of the beft non-conductors

known ; and as charcoal is perfetly incombuftible

E 3 when
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when w&ﬁnd in afpace"h!'eﬁweﬂw air can have
no’ aceefs, it 1 admirably well calculated for form.
ing 4 barrier for confining Heat, where the Heat to
be confined is intenfe.

‘But among all the various fubftances of whigh
coverings may be formed for confining ¥iéat, none
can be employed with greater advantage than com-
mon atmofpheric air. It is what Nature employs
fot"that purpofe ; and we cannot do better than to
imitate 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
ftrongly attra&ted 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 Heat of the animal
into the atmoiphere. And in the fame manner the
air in {now ferves to preferve the Heat of the earth
in winter. The warmth® of all kinds of artificial
clothing may be fhown to depend on the fame
caufe; and were this circumftance 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
{pent in guarding ourfelves againft the extremes of
heat and of cold, and in operations in which the
ule of Fire is md:fpenfablc ; and yet how little
progrefs has been made in that moft ufeful and

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

Double
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Double windows have been in ufe many years
in moft of the northern parts ‘of Europe, and their
great utility, in rendering the houfes furnithed with
them warm and comfortable in winter, is univer-
fally acknowledged,—but I have never: -heard that
any bod}h’}as thought of employing them in hot
countries to keep their apartmentﬁ‘cool in fum-
mer ;—yet how eafy and natural is this application
of fo fimple and fo ufeful an invention !—If a.
double window can prevent the Heat which is in 2
room from pafling eut of it, one would imagine it
could require no great effort of genius to difcaover
that it would be equally efficacious for preventing
the Heat without from coming in. But natural as
this conclufion may appear, I believe it has never
yet occurred to any body; at leaft I am quite cer-
tain that I have never feen a 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'anagher place. In the
mean time, I fhall only obferve here, that it is the
confined air {hut up between the two windows, and
not the double glafs plates, that renders the paﬁ'age

* When double windom are ufed in hot countries, to keep dwell-
ing-houfes cool, great care muft be taken o fercen thofe windows
from the fun’s dire& rays, and even fram the frong light of day,
otherwife they will produce effefis direftly contrary to thofe intended.
This may eaflly be done, either by Venetian blinds or by awainge.’
In all cafes where rooms are to be kept cool in hot weather, the
lefs light that is permitted to enter them, th= svoles they will be,
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of Hieat through them fo-difficult. - Were it owing
taythe increafed thicknefs of the glafs, a fingle pane

of glafs twice as thick would anfwer the fame pur-
pofe ;, but the increafed thicknefs of the glals of
which a window is formed, is not found to have any
fenfible effet in rendering a room warmer+
But air is nogonly a non-condutor of Heat, but
its non-conduéting power may be greatly increafed.
To be able to form a juft idea of the manner in
which air may be rendered a worfe conduétor of
Heat, or, which is the fame thing, a better non-
condudtor of it than it is in its matural unconfined
{tate, it will be neceflary to confider #he manner in
which Heat paflfes through air. Now it appears,
from the sefult 6f a number of experiments which
I made with a view to the inveftigation of this fub-
jé&, 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 bodies, or communicate it to them, yet thereis
no communication of Heat between one particle of
air and another particle of air. And from hence it
follows, that thougfy 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 that ftate,—would be totally impervious
to Heat; or fuch a mafs of air would be a perfe&t
non-conductor.
- Now if heat pafles in a mafs of air merely in con-
fequence of the motion it eccafions in that air,-if

® See the Philofophical Tranfaétione, 1793,
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it be tran/ported,— o ﬁ_ﬁred fo pafe,~ini that cifey

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 [ have'found
tnhg the cafe in fa&. Ifound 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 21 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 fpun 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, nen-conductors of Heat, otherwife
they will do more harm than good, as I have found

by expericnce. 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 renfarkably facilitated by this addi-
tion; the Hecat pafling through this compound of
air and fine threads of metal much fooner than it
would have fade its way through the air alone. -

Another circumftance to be attended to in the
choice of a fubﬂ'ance to be mixed with air, in order
to form 2 covering or barrier for confining Htat, is
the finenefs or fubtility cf its parts; for the finer

4 they



e ‘the greaver Wﬂl be their furface in propor-
Wm their folidity, and the more will they impede
thé motions of the particles of the air. Coarfe
horfe-hair would be found to anfwer much worfe
for this purpofe than the fine fur of a beaver,
though it is not probable that there is any efféfitial
difference in the chymical properties of thofe two
kinds of hair.

But it is not only the finenefs of tae parts of a
fubflance, and its being a non-conduétor, which
render it proper to be employed in the formation
of covering to confine Heat ;—there is ftill another
propersty, more occult, which feems to have great
influence in rendering fome fubftances better fitted
for this ufe than others; and this is a certam at-
tzaction which {ubfifts between certain bodies and
air. The obftinacy with which air adheres to the
fine fur of beafts and to the feathers of birds, is
well known ; and it may eafily be proved that this -
attraGion muﬂ affift very powerfully in preventing
the motion of the air concealed in the interftices of
thofe fubftances, and confequently in impeding the
paffage of Heat fhrough them.

Perhaps there may be anothét ftill more hidden
«caufe which' renders one fubftance better than an-
other for confining Heat. I have fhown by a direct
and ynexceptionable Experiment, that Heat can
pafs .through the Torricellian vacuum*, though
with rather more difficulty than in air (the con-

® See my Experiments on Heat, publithed in the Philofophical
Tranfaétions, vol. Ixxvi,
duéting
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dudting power ‘of air being.to that' of a Torricets
lian vacuum as 1000 to 04, Or-as 10 to 6, very
nearly); but if Heat can pafs where there is no air,
it muft in that cafe pafs by a medium more._ fubtile
than air; a medium which- mo{l probably per-
vades all folid bodies with the greateft facility, and
which muft certainly pervade either the glafs or the
mercury employed in making a Torricellian m:
cuum.

Now, if there exifts a medium more fubtile than
air, by which Heat may be conduéted, 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 othergpimpede this medium in its ope-
rations in conducting or tranfporting Heat from one-
place to another? It appeared from the refult of
feveral of my Experiments, of which 1 have given
an account in detail in my paper before mentioned,
publifhed in the year 1786 in the Lxxvith Vol. of
the Philofophical Tranf{alions, that the condu&ting
power of a Torricellian vacuum is to that of air as
604 to 1000:~but I found by a_ fublequent. Ex-
periment, (fee my fecond Paper on Heat, pubhﬂ!ed
in the Philofophical Tranfadions for the year
1792,)—that 53 parts in bulk of air, with' 1 part
of fine raw filk, formed a covering for confining
Heat, the condudling power of which was to that
of air as 576 to 1284 ; or as 448 to 1000. , Now,
from the refult of this iaft-mentioned Experiment,

it
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itifBogld feem thit the infrodu@iod into the fpace
gough which thte Heat pafled, of fo fmall 2 quan-
tity of raw filk as - part of the volume, or capa- -
‘city of that fpace, rendered that fpace (which now
contained 55 parts of air and 1 part of filk) more
impervious to I‘feat than even a ‘lorricellian va-
coum.—The filk muft therefore not only have
completely deftroyed the conduéting power of the
air, but mult 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 condu& Heat through a Torricellian va.
cuum: For a Torricellian vacuum was a better
conduétor of Heat, than this medium, in the pro-
portion of 6o4 to 448. But I forbear to enlarge
upon this fubjet, being fenfiflc of the danger of
realoning upon the properties of a fluid whofe ex-
iftence even is doubtful; and feeling thur ouar
kr}ov_ﬂedge of the nature of Heat, and of the man--
ner in which it is communicated from one body to
another, is much too imperfet and obicure to en-
able us to purfue thefe fpeculations with any pro-
fped of fuccefs or advantage.

Whatever may be the manner in which Heat is
communicated from one body to attother, I think it
%as been fufficiently proved that it paffes with great
difficulty through confined air ; and the knowledge
of this fact is very importgnt, as it enablés us to
take our meafures with certainty and with facility
for confining Icat, and directing its operations to
uieful ?surpoi‘us.

But
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But atmofpherh: air is not the only non-copduor
of Heat. All kinds of air, artificial as well as na-
tural, and in general all elaftic fluids, feem not
excepted, feem to poffefs this property in as Ingh a
degree of perfetion as atmofpheric air,

That fteam is not a conductor of Heat, I pm#&d
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 fteam,
‘which, after circulating m it with furprifing ra-
pidity 4 or 5 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 2ir remaining with the fteam in
thé 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 ¥ boil
with the utmoft violence, the contents of this hol-

low
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l@w “Cavity became fo perfeétly mnﬁble,'and fo

e appearance was there of fteam, that, had it
6t been for the ftreams of water ‘which were con-
tinually running down its fides, I fhould almoft
have been tempted to doubt whether any fteam was
altually generdted.

Upon lifting up for an inftant one fide of the
.bottle, and letting in a fmaller quantity of cold
air, the clouds inftantly returned, and continued
cireulating fevéral minutes with great rapidity, and
then gradually difappeared as before. This Expe-
timent 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
cauled the fteam to be partially condenfed, and
¢louds to be formed, I was defirous of feeing what
vifible effects would be produced by introducing a
cold folid body under the bditle. I imagined that
if fleam was a conductor of Ieat, 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 o fay, if one particle of ffeam could not com-
municate any part of its Heat to its neighbouring par-
ticles, in that cafe, as the cold body could only
affe(t the particles of fteam ofually in contalt with
it, wo cloud would appear; and the refult of the

Expe-




Experiment thewed that fteam is infal a non-con-

duétor §f Heat 5 for, notwithftanding the ¢old body

ufed in this Experiment was. vegy large and very

cold, being a folid Jump of ice nearly as large as

.an hen’s egg, placed in the middle of the hollow

cavity under the bottle, upon a fmall tripod--or

ftand made of iron wire; yet as foon as the clouds

which were formed in confequence of the unavoid-

able introduétion of cold air in lifting up the bottle
to introduce the ice, were diffipated, which-foon
happened, the fteam became fo perfetly tranfparent
and invifible, that not the- fmalleft 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 firft made at Florence,
in the month of November 1793, was repeated
feveral times in the prefence of Lord Palmerfton,
who was then at Florence, and Monf. de Fontana *.

In

* The bottle made ufe OF?I:I. this Ex.periment, though it appeared
very large externally, contained bur a very fmall quantity of water,
owing to its Ybtiom being very much drawn inwards. As the hol-
low cavity under the bottom of the bottle (wkich, as I juft obierved,
‘was nearly in the form of a hemifphere, and 6 inches in diameter)
ferved as a receiver for confining the fteam which rofe from the
boiling water in the plate, it may perhaps be imagined that £comuion
glals receiver in the form of a'bell, fuch as are ufed in Pneumatical
Experiments, might anfwer as well as this bottle ; I thought fo my-
felf, but upon making the experiment Ifound my mifake. A
.commmon Teceiver will anfwer perfeétly well for confining the feam,
‘but the glafs foon becomes fo ket that the drops of water which are
formed upon its internai furface, in confequence of the condenfation
of the fleam, inftead of running down the fides of the receiver in clear

' trané-
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«Jm thefe Experiments the air was uat entirely ex-
‘from under the bottle ; on the contrary, a

mﬁdmble quaptity 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 fact; 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 maf$ of fteam, nor that of air, were
at all cooled by the body of ice which they fur-
mumied for if the air had been cooled, (in mafs,)
it feems highly probable that the clouds would have
returned.

The refults of thefe Experiments compared with
thofe formerly alluded to, in which I had endea-
voured to afcertain the moft advantageous forms
for bailers, opened to me an entirely new field for

lation and for improvement in the Manage-
ment of Fire. They thewed me that not only coid
air, but alfo hot air, and hot fteam, and hot mix-
tures of air and fteam, ¢ non-conduors of
Heat; confequently that the hot vapour which

tranfparent ftreams, form blotches and fireaks, which render the glafs
fo opaque that nothing can he feen diftin&ly threugh it ; and this of
courfe oémp!-mly fruftrates the main defign of the Experiment ; but
cold watlr in the bottic keeping the glafs ¢vol, the condenfation of
he fteam upon the fides of the hollow cavity formed by the botjom
of the bottle, goes on more regularly, and the ftreams of water which
dire continually running down the fides of the glafs, uniting togetlm-,
.ﬁﬁh ‘one tranfparent fhcet of water, by which means every thing that
:goesph-unier the bottle may be diftinétly feen,

rifes
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rifes from burning Fuel, and even the ﬂame itfelf,
.is a non-conductor of Heat.

This may be thought a bold affertion, but a little
calm refleGtion, 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
fubjet deferves to be thoroughly inveftigated.

YOL., H. F
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CHAP IV.

Of the MANNER in which HEAT is COMMUNI-
cATED by FLAME to other Bodies.—Flame acls on
Bodies in the fame Manner as a hot Wind.—The
Effeét of a Blow-pipe in increafing the Activity of
Flame explained, and illuftrated by Experiments.—
A Knowledge of the Manner in which Heat is
communicated by Flame neceffary in order to deter-
ntine the muft advantageous Forms for Boilers.—
Genceral Principles an which Bilers of all Dimen-
Jrons ought to be confiructed.

IF 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, ftill retain the
properties of its component fluids, and remain &
non-conduélor of beat. The non-conduting 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.
ftcam, or if air, at the tewnperature of 212 degrees
of Fahrenheit’s thermometer, be a aon-conduétor

of
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of heat, why fhould it not remain a non-conduor
at that of 1000 degrees, or when heated red-hot ?
I confefs I do not fee how a body cou/d be deprived
of a property fo eflential, without being at the fame’
time totally changed; and I believe nobody will
“imagine that either air or fteam undergo any chy--
mical change merely by being heatedto the tempera-:
rature of red-hot iron. But without infifting upon
thefe reafonings, however conclufive I may think’
them, I fhall endeavour to fhow, from experiment
and obfervation, in fhort to prove, that Flame is in’
fa¢t a non-conduétor of heat. :

Taking it for granted,—what I imagine will not"
be denied,—that air is a non-condu&or of heat, at
leaft in the fenfe I have ufed that appellation, I fhall
endeavour to fhow 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, 1 fancy J may confider the propofition
as fufficiently proved.

The effe&t of a blaft of c¢old air in cooling any
hot body expofed to it 4s well known, and the
caufes of this effet may eafily be traced to that
property of air which renders it a non-eonductor
of heat; for if the particles of cold air in contact
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/i as the hot body
could part with it, and any motion of the particles

F2 o
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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 réafoning it may be fhown, that if
Flame were in faét a perfeét cogductor of heat, any
cold body plunged into it would always be heated
as faff as that body could receive beat ; and neither
any motion of the internal parts of the Flame, nor
the velocity with which it impinged againft the cold
body, could have any fenfible effe& either to faci-
litate or accclerate the heating of the body. Butif
Flame be a non-conduétor of heat, its ation will
be exattly fimilar to that of a hot wind, and con-
fequently much will depend upon the manner in
which it is applied to any body intended to be
heated by it.—Thole particles of it on/y which are
in actual contad? with the body will communicate
heat to it ; and the greater the number of different
_particles of the Flame which are brought into cone
taét 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 im it; for the rapid motion of the Flame
caufes a quick fucceffion of hot particles ; and admit-
ting our aflumed principles to be true,it is quite evie
dent that every kind of internal motion among the
particles of the Flame by which it can be 2gitated,
muft tend very powerfully to accelerate the com-
wunication of the heat. '

The



