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E S SAY VI. 

. 

C HAP. I. 

T he Suhjcll qf this 4#11 curious and interejling ill 
(f very higb dcgrce.- AII ·tbe Comforts, COllve­
uicncies, and Lu:.;uries of Life, nrc procured by 
the AjJijlO1W: of F'IRE and of HEAT.-The Wqjle 
if·Fuei very grcat.-Importmue of the Economy oj 
Fuel to Individuah, and to the Publico-MeDlIf 
t!fed for tjlimating the Amount of the Wqjle of Fuel. 
-An Account of the fi!ft Kitchen of the Horifc of 
Indt!/lryat Munich, and of the Expencc of Fuel in 
Ibo! Kitchen, compared witb the .~llfltily con(umed 
in the KitchcllS of private Families.-An A ccount 
if feveral other Kitchens conflrullcd on various 
Principles a/ Munich, under the DireBion of the 
Author.- Introdu{fit;n to a morc fiientific Invdli­
galion of the Suit/eli under (orifidcration. 

N 0 fubjea of philofophical inquiry, within the 
limits of human inveiligation, is more ca1cua 

Jated to excite admirati9n, and to awaken curiofity, 
than FIRE; and there is certainly none more eXa 
tenfively urefuI to mankind. It is owing, no doubt, 
~o our being acquainted with it from our infancy, 
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that we are not more Hruck with its appearance, 
and more fenfible of the benefits we derive from it. 
Almofl every comfort and convenience which man 
by his ingen uity procu res for himfelf, is obtained 
by its afiiflance; and he is not more difiinguifhed 
from the brute creation by the uft: of fpeech, than 
by his power over that wnnderful agent. 

Having long been accuf1:omed to confider the 
Management of H eat :'\8 a matter of the highefl:. 
importance to mankind, a habit of 31lcnding care· 
fully to every circumflauce relative to this interefl:. 
iug fubjed that occafionally came under my ohferv. 
ation, foon led .me to difcover how much this 
fcience has been negleCted , and how mueh room 
there is for very effential improvements ill almoft 
all thofe various operations in which heat is em. 
played for the purpofes of human life. 

The great walle of Fuel in aU countries murt: be 

apparent to the moll. curfory obferver; and the 
ufes to which Fire is employed are fa very exten1i\'e, 
and the expenee for Fuel makes fa confiderable a.n 
article in the lill. of neccffaries, 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 
i, faved by an individ ual, is at the fame time a po. 
fitive faving to the w.hole community; tor the lefs 
dema.nd there is for any arriclt! in the market, the 
Jower will be its price j and as all the fubjeCls of 
ufeful induf1:ry-all the arts and manufactures, 
without exception, dc:pend, direaJyor indireCtly, 
on operations in which Fire is nece{fary, it is of 

much 



and the ~conom, if Fuel. 5 

m,uch importanq: to a manufaauring and com_ 
merCial country to keep th~ price of Fuel as low as 
poffible :-And even in countries where there · are 
no manufaO:ures, and where the inhabitants futifill: 
entirely by agriculture, if wood be ufed as F uel­
)s the proportion of woodland to arable muft de­
pend in a great mc~ure on the cQo[umptioll ~f fire­
wood, any faving of Fuel will be attended with a 
proportional diminution of the fordts referved for 
fire_wood,_confequently, with an increafe of the 
lands under cultivation,-with an incrcafe of jnha­
bitants,-and of national wealth, Jl:rength~ and 
profperity. 

But what renders this fubjea peculiarly interefl:­
ing, is the great relief to the poor in all countries, 
and particularly in all !=ojd climates, ami in all great 
cities in every climate, that would reCult from any 
confiderable diminution of the price of Fuel, or 
from any {imple contrivance by which a (maller 
quantity of this neceffary article than they now are 
obliged to employ to make themfeJves comfortable, 
might be made to perform the fame fcrvi~es. Thafc 
who have never been expofed to the inclemencies of 
the [carons,-who have never been eye-witnelfcs to 
the fufferings of the poor in their miferable habitaa 
tions, pinched with cold and ftarving with hunger, 
-can form no idea of the importance to them 
of the fubje~ which I propofe to treat in this· 
EIf.y. 

To all thofe who take pleafure in doing good to 
mankind by promoting ufeful knowledge, and facia 
litating the means of procuring the comforts and 
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convenienci.es of life, thefe invelligations cannot bJ,lt 
~ very inlerelling. 

Though it is generally acknowledged that there 
is a great walle of Fuel in all countries, arifing from 
ignorance and careleffilefs in the management of 
Fire, yet few,-very few, I believe,-are aware of 
the real amount of this wafle. 

From the reruIt of all my inquiries upon tltis 
fubjecr, I have been led to concl~de, that not lefs 
than frocn-eighth! of the heat generated, or which, 
with proper managemeJJt, might be gen,·rtlted, from 
the Fuel aRually confumed, is carried up into the 
atmofphere with the fmake, and totally loft. , And 
this opinion has :Jot .been formed hallily; on the 
contrary, it is the reruIt of much attentive ohferv. 
a,tion, and of many experimems. But, in a matter· 
of fa much importance, I feel it [0 be my duty not 
merely to give the Public my opiniom, but to lay be· 
fore them the grounds upon which thore opinions 
have been founded; in order that everyone may 
judge for him[elf of the certainty, or probability I 
of my deduaions. 

It would not he difficult, merely from a confider. 
ation of the nature of hea~,-of the manner in 
which it is generated in the combuflion of Fuel, 
and the manner in which it exifts when generated, 
-to fhow that, as the proce[s of boiling is com· 
manly performed, there mufl of neceffity be aver}' 
great lo[s of heat ; for when the veffel, in which the 
~uip to be boile!i is cont?ined, is placed over an open 
or naked fire, not only by far the greater part of 
the radiant he,at is totally loa, but alro of that whic~ 
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exiRa in the BZlDe, fmoke, and hot vapoul', a very 
fm'aU- proportion only enters the veffel; the reB: 
going off with great rapidity, by the chimney, into 
the higher regions 9f the atmofpht:re. But, with­
out infifling upon thefe reafonings, (though they 
are certainly incontrovertible,) I iliaU endeavour to 
efrablilh the faas in quefiion upon flill more folid 
ground-that of aClual experiment. 

In the profecution of the experiments neceffary 
in this invef1:igation, I proct:eded in the following 
mannet :-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 frandard 
with which the refult of an experiment can be com· 
pared, in order to afcertain exaCl:ly the proportion of 
the heat raved, or ufefully employed, to that loft : 
lnfiead therefore of being able to determine this 
point dire8ly, I was obliged to have recaurfe to 
approximations. Iufiead of deterTMining the quan. 
tity of heat loft in any given oper<ltion, I endea­
voured to find out with how much .Iefs Fuel the 
fame operation might be performed, by a more ad­
vantageous arrangement of the Fire, and difpofitian 
of tbe machinery: And feveral extenfive public 
efl:ablilhments, which have been ereEted in Bavaria 
within thefe IaR: fix or feven years, under my direc­
tion, by order of His Moll Serene Highnefs the 
ELECTOR PALA TJNE; particularly !in efl:ablifh_ 
ment for the Poor of Munich (of which an account 
has been given to the Public in my Firfl: E(fay); and 
the Eftablifbment of a Public Academy for the edu. 
(!ation of J So young men, deftined for the fervice 
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of the State in the different civil and military de. 
partments i-the economical arrangements of there 
eflablifhments afforded me a man. favourable op­
portunity of putting into praS:ice all my ideas re­
lative to the Management of Fire; and of afcertain4 
ing, by numerous experiments made upon 3 large 
fcale, and often varied and repeated, the real im. 
portance of the improvements I have introduced. 

That many experiments have been aEtuaUy 
made in thefe two eftabliihments, during (he {even 
years they have exil1:ed, will not be doubted by 
thofe who are informed, that the Kitchen, or rather 
the Fire~place of the kitchen of the Haufe of In. 
duilry, has been pulled down and built entirely 
anew no lees than three times, and that of the 
Military Academy twice, during that period; and 
that the forms of the boilers, and the internal can. 
firu8:ion of the fire.~laces, have been changed ilill 
oftener. 

The importance of the improvements in the rna. 
nagement of heat employed in culinary operations, 
which have .refulted from there inveiligations, will 
appear by comparing the quantity of Fuel now 
a8:ually ured in thofe kitchens, to that confumed in 
performing the fame operations in kitchens on the 
common conftruCtion: And this will at the fame 
time fhow, in a clear and fatisfa8:ory malUler, 
what I propofed to prove,-nameiy, that in 3,11 the 
common operations in which Fire is employed, 
there is a very great wafte of Fuel. 

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

that 



that procefs is commonly performed, and the great 
fa~ng of Fuel which will rerult from a more ad .. 
"antageous difpofition and management of the Fire, 
will be evident from the refults of the following 
Experiments. all of which were made by myfdf, 
and with the utmoft care. 

Experimmt, No. t. 

A copper boiler belonging to the kitchen of the 
Military Academy in Munich, 22 Rhinland inches 
in diameter above, 191 inches in diameter below; 
and 24 inches in depth, and which \;,'eighed So Ibs. 
weight of Bavaria, (=61.92Ibs. Avoiidupois,) 
being fixed in its fire-place, was filled with 95 Ba~ 
varian llle~ures (= 28 Englilh wine-gallons) of 
water, wffich weighed 187 Bavarian pounds 
(= 232'58 lbs. Avoirdupoi~) j 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 tmplo)"~ ll. Wood (onrumed. 
H"un . Min. Ib,. 

To make the water boil, _ I J I 

To keep the water boiling, • 2 0 :If 

T otal, 3 
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Experimentt No.2. 

1'he fame boiler, containing the fame quantity 
of water at · the f.lme temperature, being now re­
moved to the kitchen of a private genlleman 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 ured in the former Experiment being pro­
vided, a fire was lighted under it by the gentle­
man;s cook, (direfiions having been given to be all> 
(paring 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 .conCurned. 

To make the w;iter boi!, 
To ktep it boiling, 

T otal, 

flourl. ~~n. .. ~;. 

, o 

3 3 t 6z~ 

As in theee two Experiments the fame boiler was 
~mployed ;-as the quantity of ,"'ater was .the fame~ 
-as alfo its temperature at the beginning of the 
Experiments,-and as it was made to continue 
boiling during the fame lengrh of time, it is evident 
that the quantities of wood confumed fh~ the re~ 
Jative advantages of the different methods employed 
in the management of the Fire. The difference of 
thefe quantities of Fuel is very great (the olle be. 
ing -only 13 ~ lbs. and the other amounting to no 
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-kfs than 62 i Ibs.). And this {bows how very oon .. 
fid~fable the wane of Fuel · really is, in the m~ 
in which it is commonly employed for culinary pur­
pores, and how important the favings are which. 
may be made by introducing a more advantageo~ 
arrangement for the management of Fire. But great. 
as th~fe ravings may appear to be, as fhown by t\lO 
rerults of the foregoing Experitn\!nts, yet they ~e 
in faa fiill more confiderabJe, as will be abtm .. 
dandy proved in the fequel. In the Experiment. 
No.2. in which the boiler was put over an opea 
Fire, great care was taken to place the Fuel in the 
moll advantageous man.ner; but, in general, little 
attention is paid to that circumfi:ance, and tlie wafte 
,)f Fuel is greatly increafed by [uch negligence: Bu~ 
in d oied fire-places, upon a good conflruaioll, ~ 
the pr~pt'r place for the Fuel cannot be miftaken, 
and as it 'fixed and bounded on all fides by a 
wall, the ignora.nce or inattention of thore who 
take care of the Fire can never be produCtive of 
any great walle of Fuel; and this ~ an advan .. 
tage of no fmall importance attending there fire .. 
place~ . 

Expe-
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Experiment, NO.3. 

A Jarge copper fauce-pan or cqjferole, 11 1 inch!:!; 
in diameter abovc,-I o{ in diameter below, and 
31: inches deep, containing 4 meafu7es of watet, 
weighing 7{{ lbs. and at the temperature of 58° F. 
being placed in its e1afed fire-place, and a fire be­
ing made under it with fmall pieces (,f dry beech­
wood cut in lengths of about 4 inches, the water 
was made to boil, and was continued boiling two 
bours. . ' 

The refult of the Experiment was as follows : 
T ime cmployrd. \Vocxl to"{lImtd. 

Hour,. Min. lbs. 
To make the water boil, . 0 " To i etp it boiling. , 0 o! --

Total. , 
" - 'f 

E xperiment, NO.4. 

The fame fauee-pan, containing the fame quan .. 
city of water, and at the fame temperature a:; in the 
Jail: Experimem, 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 refuh of 
the Expe~iment was as follows :. 

To make th" watcr hoi!, 
To kecp it buijing, 

Total, 

T i",,, (nlplo}'ed. \Vuod confulIlrd. 
H unl'S. Min. Ibs . 

- 0 .28 6 
. , o 51 

, ,s 
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The difference in the refults of thefe' two Expea 
rimel1ts is neady the fame as that in the reCuIts of 
thofe before mentioned, and they all lend to {how, 
that in cooking, or boiling over an open fire, nearly 
five timCI as much Fuel is required, as when the heat 
is -confined in a dared fire.place, and its operation 
properly direCted. 

But I muft again repeat, what I have already ob.­
ferved with reCpeR: to the two former Experiments; 
as the Experiments No.2. and NO.4. were both 
made with the utmoft carc, the refults of them, 
compared with thofe which were made with the 
f ... me boilers placed in elared fire-places, can give no 
adequate idea of the real 10Cs of heat, and wane of 
:Fuei, which take place in the common operations 
()f cookery. 

From feveraI efiimates which I have made with 
great care .lative to this fubjea, founded upon 
the quantity of Fud actually 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 leaf1: nillMenths of 
the wood actually confumcd in common kitchens, 
where cooking js 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 conHrut1cd under my direCtions. 

But it j,,; not alone in kit chens, in which cooking 
is carried on over open fires, that ufeful alterations 
may be made; kitchens with elored fire.places. and 
indeed all the kitchens which have yet been con· 
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~, (as far as my knowledge extends,) are /uf.. 
6!ptible of great improvement • 

. The various improvements that may be made in 
mechanical arrangements for the Economy of Fuel 
will appear in a fhiking manner froln a detail of the 
dilferent alterations which have from time to time 
been made in the kitchen of the Houfe of Indu/hy at 
Munich, and in that of the Mi!ilary Academy, and 
of tbe effeB:s produced by !hofe p::-ogreffi\"e im­
provements. 

The Houfe ofIndufl.ry being an efbblifi1ment of 
public: charity, and the number of thofe fed from 
the kitchen amounting from 1 000 to I 500 pctfon~ 
daily, the Economy of Fuel. in a kitchen upon fo 
large a fcale, became an objeCt of ferious conflder­
ation; and I attended to this matter with peculiar 
pleafure, as it fo completely coincided with my fa-
vourite philofophical pur[uit~ . :~ 

The inveftigarion of Heat, and of the laws of its 
operations, had long occupied my attention, <l.nd I 
had been fo fortunate, in the courfe of my Experi­
ments upon that {ubject,. as to make fame difco­
veries which were thought·worthy of being inferted 
in the Philofophical Tranfa£tions of the Royal So­
ciety of London; and for my laft paper upon that 
{ubjeCt, publifhed in the Tranfailions for the year 
'792, I had the honour to receive the ~nual Me­
dal of the Soci~ty. I hope my mt:ntioning this 
~ircumftance will not be attributed to oftentation. 
My moti\'e in doing it, is merely to {how, that when 
I undertook to make the arrangements of which 1 
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am about to give an account,. the rubje(\: '!'M bJ 
""ncr tIleah$ new to me; but, on the CODt::r'afl', that 
I was prepared, and in rome meafute qualified, for 
',uch in~eftigation. . 

I conceive it to be the duty of thefe who propofe 
J.lfeful i~nprovements for the benefit of ma..nk.iqc4 
not only to merit, but aIfo to do every thing in 
Jbeir- power to obtain, the confidence of thofe to 
whom their propofab are fubmitted; and there ap-o 
pears to me to be a much greater degree of pride 
and 'a-rrQgance difpla,ed by an author in tokmg iJ 
fir granted that the world is already fufficiently ac· 
ciuainted with his merit and his qualifications to 
p'eat t~e fubjeu he undertakes to inveiligate, than 
Pt-modefUy pointing out the grounds upon which 
the ~onfidence of the- Public in his knowledge of 
bis·fubject, and in his integrity,· may be founded. 

But to rCfum from this digreffion. In the fira 
arrangement of the kitchen in the Houfe of Induftry 
at Munich, which was finHhed in the beginning of 
the year 179.0, eight large copper boilers, each ca­
pable of containing about 38 Englifh wine gallonlj 
were placed in [uch a manner in two rows, in a [0-

Jid maf~ of brick-work, 3 feet high, 9 feet wid~ 
and 18 feet long, built in the middle ot the kitchen, 
that, from a fingle fire-place, fituated at alle end 
of tJUs brick~wark, by means of canals (furnifhed 
with valves or dampers) going from itl through the 
fotid mar, of the brick-work to aU the' different 
~oilers, thefe boil~rs ' were aU heated, and made to 
~U ~ith one .fmgle f.re; and though none of ' 

them 
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them 'were in aaual contaC1 with the firi~p:lace, and. 
lOme of them were dif1ant from it near IS feet.,.- rd: 
th«y were all heated with great facility, and in a, 
fuort [pace of time, by the heat which, upon open .. 
ing the valves, (which were of iron,) was made to 
pafs through the canals. 

EaGh boiler having its fepante canal, and its fe~ 
parate valves, any fingle boiler, or any number of 
them, might be heated at pleafure, without heat­
ing the tefl:; and by opening the valves of any 
boiler more or lefs, more or lefs heat, a~ the oc. 
cafion required, ~ight 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 ftrong, 
by opening a particular valve, a communication 
with a wafte-canal was formed, by which all the 
beat, or any part 6f it at pleafure, might be made 
to pafs off directly into the chimney, without going 
near any of the boilers. 

The Fire was regulated by a regifter in the door 
(If the afu-pit, by which the air was admitted into 
the fire-place; and, when no more heat was wanred, 
the Fire was put out by dofing this regifter en .. 
tirely, and by doling at the fame time all the valves 
or dampers i~ the canals leading from the fire· 
place. 

The fire-place was of an oval form, 3 feet long, 
2 feet 3 inches wide, and about 18 inches high, 
vaulted above with a double vault, 4 inches of air 
being left between the two vaults; and the Fuel 
was introduced into the • fire-place by a pafi"age 
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.. J.ofed by a double iron door, wbjeh . door ;.,was kept 
coni?antly !hut ;:-and the -Fuel, W36;burnt upon ~ 
iron grate; the air which fupplicd the Fire com,ing 
up from below the grate through tJ,J.c 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 palfed, .and whicn 
was 5 inches wide internally, and 6 inches "~igh, 
being itfelf placed, and, as it wf:t'e, -iTijula'fed, in a 
canal flill larger, in fuch a manner that the canal 
by which the heat patTed, (which was 'conll.ru8:ed 
of very thin bricks, or rather tiles,) ,vas /urroun~d 
Dn MXry}ide with a wall, 2 inches thick, 'iJf Clmfined 
air. The furrounding canal being formed in ' the 
fotid body of the mafs of brick-work; this arrange­
ment of the double canals was en~irely concealed. 
The double canals and the double vault over the 
fire-place were intended to ferve the fame purpofe, 
namely, to coiftne more ef!e{fually the "heat, and pre­
l'ent its efcape into the mafs of brick.-work, and its 
confequent lo[s. 

Having found, in the courfe ormy experiments, 
that confined air is the" beft barrier· that can be 
oppofed to h~t, to confine it, I endeavoured to avail 
myfdf of that difcovery in thefe economical ar­
rangements, and my attempts were not unfucceff­
ful. 

Not only the fire-place itfelf, and the c"3:"als of 
~ommunication between the fire.place and the boil-

• See PhilofopbkJ! TrllnfaEUon" 17910 Pan I. 
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~s, were {unoonded by confined zir~ but it w..~ _e; made ufe of tot confining the heat in the boil~ 
tn, . and preventing its efcaping info the atmo:' 
{phere. This was done by making the covers of 
the boiJen rhuble. Thefe (overs, (See the figures 
J and 2, Phite I.) which ... ·ere made of tin, or rather 
of thin iron-plates rinned, were in the form of a 
hollow cone ; the height of the cone was equal to 
about' on~.lhird of its diameter; and the air which 
it contained was entirely"fuut up, the bottom of the 
cone being dared by. a circular plate or· thin Iheet of 
tinned iron. The bo~tom of the cone was accu .. 
rately fitted to the top of the boiler, which it com· 
pletely elared by means of a rim about 2 inchei 
wide, which entered the boiler; which rim was 
foldered to the flat fheet of tinned iron which 
formed the bottom of the cover. The fl~a.m, ge~ 
nerated by the boiling liquid, was carried off by a 
tube about half an inch in diameter, which paffed 
through the hollow conical cover, and which was 
attached to' the cover, both above and below, with 
faider. in fu<:h a manner that the air w'ith which 
the hollow conc"was filled, remained completely 
confined, and cut off from all communicarions with 
the external air of the atmofphere, as well as with 
the fteam generated in the boi~r. 

In fome of the covers I filled the hollow of the 
conc with fUT; but I did not find thac thefe were, 
fenfibly better for confining the heat than thofc in 
,,!~ch the conc ~ fillcd limply with a.il'~ 
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turioiity .,ifited this kitehen~ of 'tbe gmt ~'intage 
of making ufe of doubl~ co.-en to c:qnfine "the heat 
in the boilers, inflead of ufmg tingle coven for 
that purpore, a tingle cover was provided, which, 
as it was externally of the fame form as the other&, 
when it was placed upon a boiler, could not be diC~ 
tingu"ithed frdm them; hut as its bottom \vas want­
mg, and confequendy there was no confined aii- in. 
terpofed between the hot Ream In the boiler an~ the 
external furface of the cover, on being placed upon 
a kettle actually boiling, this cover infiantaneoufly 
became fo exceedingly hot as a8:oally to bum thofe 
who ventured to touch it ;-while a double cover, 
.formed of tbe fame materials, and placed' in the 
fame fituation, was [9 moderately warm that the 
naked hand might be held upon it for any length 
of time without the leall: 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 ~ to communicate a 
great deal of heat to tlie cold atmofphere, which 
cominually lay upon it, this Experiment fi!owed, 
in a {hiking and ((mvincing manner, the utility of 
my double covers j and [ have finee had the faw. 
naion to fee them gradually finding their way into 
common ufe. • • 

It is perhaps quite unneceffary thit I fhould in .. 
form my readers, that one principal motive which 
induced me to take fo much pains in the arrange:. 
mellt of this kitchen, was a defire to introdu,e u(e~ 
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.~~.iPlpf9V~DJ.en~telatiye ,to the M"u.gement f!f 

."!%¥..liiP@ ·rhc; .EconomyofFue1, into commoll-pr"ac­
t#e.: . ,An , efi.ablifument lo interefling in all re .. 
fpeEts,-fo impprtant in · its confequences,--and fo 
perfeCUy nc\¥')~ aavaria, as a public Haufe of .In­
dullry uPI?ll: a liberal and extenfive plan,-where 
ai-'!loft every trade and manufaCture is carried on 
under ,the fame roo£,-where the poor and indigent 
of both fexes, and of all ages, find a comfortable 
afyll!m" and employment fuited to their firength . 
and to their talents; and where indufiry is excited, 
not by punifhments, but by tbe mqfllibcral rewards, 
and by l,he kindeft ufage: Such an cJlahlifhmeot, 
I thought, could not fail to 'excite the curi9fity of 
the Pllblic, and to draw together a great caneourfe 
of vifito!s;. and a~ this appeared to me a favorable 
QPP.ortunity to draw the public attention to u;efl,ll 
improvements, all my. mcafures were taken accord­
ingly; and n~t.only the kitchen, but alfu the bake. 
houfe,- th~ noves for heating the rooms,-tt.c: 
(amps,:-.the various utenfils and machines made 
u;e of in the ditfer~nt m:mu(aCtories,-all the differ­
ent economical ~angements and contrivances for 
fac~litating lhe operations of ufeful induf1ry, were 
fa many models exprefsly made for imitation. 
'. But in [he arrangements relative to the Economy 
of Fwd, befldes a view to imnitdiate public utility, 
!lfiothcr motive, not much Icfs powerful, ':ontti. 
~uted to i~duce me to pay alf pofiible attention to 
$he, fubjefl:; namely, a defire to acquire a more 
tboi~l;lg~ knowledg~ re~~vc to the nature of Heat, 
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'ltd. of:.the "bws of-.its ·operatioits,;'··and with thie 
vie'W'""Jeveral pans were added -to-ihe machinery;' 
which I fufpeaed at the rime to be tpo 'complicated 
to be really Miful in COITUUon pnaiee. " ~l" f : 

'Phe {team, for inaance, which .at-ofe , from .. the. 
boiling liquids, inll:ead of being -[uffered: to.dope 
into the atmofphere. was .carried up' by 'tubes into 
a room imm.ediately over the kitchen, wherie"it was 
made 10 pafs through a fpiral wornt, :placed in,a 
large calk .(ull of cold water, and condenfed, gW­
ing out it~ heat t'.l the water in the calk:; -whicb 
water tbus warmed, without any new. expcnce of 
Fuel, was made ufe of next day, inltead of.·cold 
water, for filling the boilers; That this water, [0 

warmed, might not be cooled during th'e night,;the 
calk that contained it was put into another clik 11:i11 
larger; and the [p.-,ce betw~n the two ' cafks was 
fill !?d wirh wool. The cooling. of the fieam, in"its 
palfage from the uuiler to the calk where it wa~ 
condenfed, was prevented by warm coverings 9£ 
fhcep-fkins with the wool on (hem, by -w.hich the 
tubes .of communicatiqn; which ,\\'crc of tin, were 
defended from the cold air of t~, atmofphere. , . 

By this contrivance, the heat~ ~hich would other­
wife have been carri~d olf by the fieam into the at­
mofphcre and totally loll, was arrefled in its flight, 
ilnd brought back into the boiler, and made to wo.rk 
~he fecond day. 

By other contriV"'Jncc§, the {make aJfo W<l~ l~d · 
1.Hl~er contriDtlJion. After it had paffed \lnder the 
t>oi4:rs, and juft as ' it was about to efcape by the 
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ciUlri1Iey,it .... /lopped ; ' and, by being made tp 
.. UDder • large ""!'P"r filled with ",)d w.ter, 
_ deprived of the greater'port of the heat it ill)) 
retained: And thinking it probable . that confider~ 
able advantag<s , ... OIl)d he derived from drying the 
wood .very thoroughly, and even beuing it, before 
it w;a.smadc ure of for Fu~ the fmake from tWO of 
the boilers.as made to pafs under a plate of iroa 
which iDrmed' the bottom of an oven, in which (he 
wood, ncce8"ary for the confumption of the k.itcben 
for ODe cby, { having previoufiy been cut into billets 
of a proper· flZC, ) was dried .during 24 bolUS, pr.e. 
vious to its being ufed. 

lp a fmaIler kitchen, (adjoining. to that I have 
becn ,de[cribing, ) which was confiruCted merely as 
a modCf for imitation, and which was conlbmtIy 
epen -for ihe infpeCtion of the Public, five boilers of 
different fizes, aU heated by the fame fire, were . 
placed in a femicirclllar maCs ' of brick-work, and 
the fmake, after having paffed under all thefe five 
boilers, was made to heat, at pleafure, either an 
oven, or wa~er which W2S contained in a wooden 
ca1k. fet upright ~n the brick-work.-A tube of 
copper, tinned on the outfide, which went through 
the cafk, gave a paifage to tbe Cmoke, and this tube 
was conne8:ed. with the bottom of the calk by 
lReans of a circular plate of copper through which 
the tube palTed , w.hich plate elafed a .circular open­
ing in the bottom of the calk fomeWhat larger in 
mametenhan the tube. 

This 
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Tbi·' cir~u/ar pI"", ~'" ~ . to, the l:¥>uom of 
rlie.calk, an<! ,the joipjng .~ ~er,tight by in. 
lerpofing between tl).e metallic plate, and !he wfo<i 
a /heet of Paaeboa.d; and t~e tube wP.s ~ed 
to the plate wi~h ' wl~. This tlJ.be~· (which was 
about 6 inches in diameter,) as foon as it ilid. 
pa1fed the circular pJat~, ",nd ~tf:red ' the .b2rt:el. 
branched ou,to into three fmaller t~s, each abo~ 
4 inches in diameter, wl].ich, TUoping parallel .tQ 

each other through th~ wh9.le leDgth of the calk, 
~ent out of it above, by ,three dJJere.qt holes 'ip .dile 
upper head of the cafk, ~d ended in a canal ~hicb 
!ed to the chimney. 

This tube, by wNch the frooke pa1fed through 
{he caik, was branched, out into a number of 
branche.s in order" to increafe the fuif .. :ce, by which 
the heat of the fmoke was communicated to the 
water in tbe calk. The calk was f~pplied with wa­
ter froOl a reIt:.rvoir plac.ed in the upper part of the . 
building, by means of alt2den pipe of communic ... 
don from the on~ to th~ other; and ,the nl<lChinery 
was fo contrived, that, when any water was dta~ 
out.of lQe cafk for ufe, it was immediately replaced 
from the refervoir; bqt as fodtt as the water ip' the 
cafk had re&.ained its proper height, ,the cold wat.er 
from the refervoir ceafed to jlow in it. 

No/hing more generally excited the furprlfe and 
curiofiry of thofe who vifited this kitchen, than to 
fee water aCtually boiled, ~ a . wooden c;Uk, an,4 
drawn from it boiling hot, by a brafs r:ock.. I 
~ave been tbe more particular in defcribing ' the 
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manner iD. .hich ~his was done, aa I have reafo.n 
t9 ~hink' .thai: a contrivance of this' kind, or fo~ 
t~," Cimilar to it, might, in many cafes, be applit:d. 
t-o "uftful purpofe:s. No contrivance can poffibly be 
invented by which he~t can be communicated to 
fluids ' with fa little lars; and as wood is not only 
an excellent n<,m-condut\or of heat itfelf, but may 
eafily be furrounded by confined air; by fUTS and. 
other like bodies which are known to be ufeful in 
confining heat, the lofs of heat, by the fides of a 
containing velTel compofed of wood, might be at­
moll entirely prevented. 

Why fhould not the boilen for largf" fait-works 
and breweries, and thofe defiined for other limilar 
proceffes, in which grqt quantities of watt;r are 
heated, o~ evaporated, be conllrufred of wood, 
with hori:Z:011tal tubes of iron or of copper, com­
municating with the fire-place, and running throu;;h 
them, for the circulation of the {make ?-But this 
Is not the place to enlarge upon this fubjcEl: j J 
Ihan therefore leave it for th~ prefent, and return to 
Illy kitchens. 

To prepare the foup furnifhed to the POOT from 
the kif<:hen of the Houfe vf Induftry, it was found 
neceffary to keep up lhe fire near jive hour!, the 
roup, in order to its being good, requiring, to be 
kept aCtually boiling above three hOUTS. 

The Fuel made ufe of in this kitchen waJ dry 
beech-wood j a cord ofwhich~ (or kloftcr, as it is 
called,) 5 Englifh feet 8.,-{. inches long, 5 feet 
8l7i inches high, and 3 feet It inches wide, and 

which 
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po~nds, (-: 2724·lbs. Avoirdupois,) colt it·· aa 
average about 5 t florins (= 9 s. 6 fd:: ft:Ming)"b\ 
the market. 

Of this wood the, daily coilfumptlon, -W"lien 
foup was provided for 1000 perfons, waS' a~~!" 
3001bs. Bavarian weight, or about '~', or more ex . . , . 
acHy "'i

1
T of a cord or chft.cr, which ~oft. 43 ' cr~u~" 

~ers, (60 creut7.ers maklhg a florin,) or about 
I s . .} ~ d. ii:erling: And this gives "OJ.'; of a creutzC!t 
or ~' Ti of a farthing, for the daily expenee for Fuel 
in cooking for ~ach perron. . ' '. 

To make an dlim<tte of the tlail. expenee' fo~ 
Fuel in cooking rhe fame quantity of the fame kind 
of foup in priv:ctc kitchens, we will fuppore ther<;: 
1000 perf OilS, who were fed from the public ki.tcben 
of the Houfe of iw.luilry, to be feparated into fa. 
milies of 5 perJom each " 

This would make jufl 2 00 faulilie; j and thl! 
quantily of wood . confumed. in the public kitchen 
daily for feeding J 000 perf~ns, (' 300 lbs., ) being 
divided among ~oo familie~ , gives 1 ~ Ibs. of wood 
for the daily confumpcion of each family j and. 
according to this efl:imate, 1 cord of wood , weigh­
ing 22001bs ought to [uffice for cooking for rueh 
a family I 466 da~' s , or 4 years and 6 days. 

:put upon the man. careful inGuiries relatiye to 
the real eonfumption of Fuel in privare families in 
operations of cookery, as they are now generally 
performed over an open fire, I find that 5 Bavarian 
pounds of·good peas-Ioup can hardly be prepared 

at 
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..... ldi'_e 01 Fuel ,han '5 'lb •• of "'r b-.h. 
MXd-alf die bdl qu,ality; confequently, a om! of 
~ wood, infte::t,d of fufficing for preparing a. roup 
cJ:aily for a family of 5 perfons for 4 years, "voul~ 
~d,ly {uBice for fa long a time 3G 5 months. 

And hence it appears~ that the confumption of 
Fqel in the kitchens of private families, is to that 
cOluumed in the firft kitchen of ' the Haufe of In­
duftry at Munich, in pr~parillg the Jame quantily of 
the}arne kind o/'j'QOti, (peas.foup,) as 10 to 1· • . 

"Bur it mull. be remembered, that this difference in 
the quantities of Fuel expended is not cccafioned 
rntirely by the difference betweell the two methods 
of managing .the Fire j for, exclufive of the dleg 
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 win be feen 
hereafter,) the lefs in proportion will be the qU.ln4 

tity of Fuel required j-and the faving of FueJ 
which arifes from cooking upon a large fcak is very 
ronfiderable. But I {hall take occafion to treat this 
part of my fubjeCl m OTC fully elfewhere. 

The kjtchen in the Houfe of Induflry wa3 finifhed 
in the b~ginning of the year 1790: And much 
about the fame time, two other public ~tchens 
UPOll a large feale were erected at Munich, undeJ 
my direaions j namely, the kit~hen ~elcnging tc? 

Afte,.... ~ rd ~ . on ~lIrring' the ki!(hen of the Houfe ~r ImlliAry. 
¥d,ittinK it up on br!t~ principle., the Econlll'l'lY of Fuel wu cu­
fit4 tlil! farther, u will be r~en in the fequc\ of thi~ ~Q:ar. 
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th~ MiliI • ., Academy, anhbatbelollgiog 1O·.tho 
MilltaryH.1l (as it ucal!ed) 'in the,Engli1hga!'deI>. 
in which building near 200 miliwy ~ce[).u:a.eKed 
daily during the annual encaD'lpmentB, ..... for whidl 
purpo[e ¢is building w.as ereCted. 

There is likewife in the garden, (w¥c.:h is ,6" . .Eng~ 
llih miles in circumferei¥;e,) .an inn-a farmMhoufe; 
and a large dairy; and thefe ell:abUlhmerus gave 
me an opportunity of confirutting no lefs than four 
other kit<:hens ;-nameIy, two for the inn, one for 
the farm.hou[e, and one for the ufe o~ the, dWy. 
And the ufes for which thefc different kitch.ens 
were deftgned, and ·to which they were applied, 
were fa various, as not only to include almoft every 
pracers of cookery, but alfc to afford opportunities 
of performing the fame operations upon vec:y .dif • 

• ferent fcales, and confcquently of malting many 
interefling Experiments relative to the Management 
of Heat, and th! Economy of Fuel. • That I did not ne~lea thefe .opportuni~ of pur';' 
Cuing, with elfcCl, a fubjeCt whic.h had long engaged 
my attention, and to which I was much attached, 
will readily be believed by thofe who know whz: ar_" 
dour a curioull fubje8: of philofophical iIWefljgatio~ 

. is capable of infpiring in an ~nquifitive mind. 

As the Experiments I have made, .0'1' caufed ta 
be made, iJl the different cfiablifilmeI],ts before men. 
tioned, during the (lX or fevel! years that they have 
exifted, are extremely numer.ous; it would t~ 
up too much time to .give an account of thell{ i~ 
detail; I fhaU therefore content mvfelf with merel, 
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notic.ing.-' the genet'&!' refultf of them, ' ariti-tJ}cntig..TJ. ..... 
i;'t'1ilote particularly only·fuch of rbem:as. appear" 
M Wle ' to be man important. And in regard"to the 

p'eeuliar cohftnjction of the different ki.tchens abo\'e 

mentioneq, as moll: of them have undergone many 
alterations, and as no OrIe of them remains exaaly 
~ the fame fiate in which"t was firlt conflruB:ed, 
l' do no~ think it necelTary to be very particular in 
IUY account of them; I !hall occalionally mention 
the 'principles on which they were COJl(lr~Cl:ed, and 
the--{aults I difcovered in them; bur wh':'! ll J (hall 
come to [peak of thof!~ improvements which: have 
ftood the tcft of ~aual experic~ce, and whkh I can 
recommend as being worthy of imitation, 1 01all 
take care to be very exact and particular in my 
defctiptions . • 

It will not be found very difficult, I fancy, f"om 
"hat has been f:riel) to form a pretty jufl: idea of the 
conJl:n~ftion of the kitchen in the H oufe of Indufhy 
above defcribecl, even withou'c the help of a plan or 
drawing of it, That in the Military Academy was 
conftruEtcd tl pon a dilTerent principle: Inftead of 
head~gall the boilers from olle anLi the fame fire­
pla'ee, almn!1: cyery boiler had its own feparate fire­
place j and though the hoilers were all furnifhed 
with double covers, limilar to thofe made tIle of in 
the kitchen of rhc Houfe of Induflry, y<:r.. there was 
no attempt made to rec<wer the heat carried off by 
th~ Ileam, b ut it was fnfferd to efcape withallt hin­
drance into the atmofphcre ; ,it having been found, 
iw 'the experiments made ill the kitchen of the 
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~ure ,of inoofiry',· that when the. F'Jfe is ''Property 
managed, that 'is to fay;· when the heat .is butjuft 
fufficient t?keep "the liquiJ boiling hot;:l.or wry 
gC1I/Iy boiling, the quantity or fteam generated.: iJ 
inconfi(~able,- an:~ the heat c~e4 off -by ir.-npt 
worth the trouble of faving. Each, fire-plac~ .. ~ 
furnifhed with an iron grate, upon which the wood 
was burnt, and the opening into' the fire, as well aJ: 

that which communicated with the afh-pit, had,. in 
each its fe:parare iron door. 

Finding afterwards that the iron door which 
dofC9 the opening by v.'hich the wood was i~tro.:. 
duced into the fi rc-pl~ce, was much heated._ and· 
confcquently that it caufed a confiderable toCs or 
heat by communicating it to the cold atmofphere 
with which it was in contaet; in order to remedy 
this evil without incurring the expence of double 
doors, lhe iron door was removed, and' in its Read 
was placed a hollow cylinder, or rather tr-uncated 
€one, of burnt day or' common · earth:n.ware, 
which cone was 4 inches long, 6 inches ifl ~ameter 
illternaily, and 8 inches in diameter externaUy, at its 
larger en] or, bafe; and 5 ~ inches in diameter in. 
tt: rnally, and 7 i inches in diameter externally, at 
its fmal ler end : And being firmly fixed, with its, 
axis in an horizontal pofition, and its larger end 
or ba~e outwards, in rhe middle of the cpening 
leading to 'the fire.place, 4nd bcing well united 
with the foUd brick· work by_ means of 'mortar, the 
cavity of this cone formed the opening by which 
the wood was introdu:ed into the fire.place. Thi~. 

cavity 



jII OJ .. 1tI~" FIN, 
....,. 'being dofed with a fit lIopper of earth ... 
~ u euthen~w:ne is a nnn-condut\or of hearJl 

." .. : as heat cannot pars through it but Wilh great 
6ulty, and very iJowly, the external furface of 
thi&. eone and its frapper were never much heated, 
tOnfequCluly the quamity of heat they ' (ould com .. 
Inunkate to the: atmofphere was but very trifling. 
This conn:rvanec was afterwards rendered much 
more fimp1e1 by fubftituting, inflead of the hollow 
cone, a. tile, r'o inches [quare, and about :l t inches 
thick, with a conical hole in its center, 6 inches in 
diameter externally, and ·s f: inches in dia'?eter' 
.nthin., provided. .with a fit baked earthen napper. 
(See the Figures, N° 6, 7, and 8. Plate I.) 

A perforated [quare tile is preferable to a hollow 
qIinder for forming a pafTage into the fire-place, 
:_r. only becaufe it i .... cheaper, fironger, and more 
durable, but al£o becaufe it may, on account of its 
funn, be ' more eafily and more firmly fixed in its 
place, and united with the rell of the brick~work.· 

If ptoper moulds be provided for forming there 
perforated tiles arid their fi:oppers, they may be 
afforded f(lr a mere trifle. In Munich they · 'are 
made ·of the very beft earth, by . the EleCtor's pot. 
ter, and tliey coll no more than 24 creutzers, or 
ramething Je[s than 9 d. fierling, for a tile with its 
Ropper: I had feveral made of fand:Il:one by a 

.ftone-cutter, but they coll me 1 florin and 30 
creutzers, or about 2. s. 9 d. frerling each . 

... Though thore made of frone anfwered perfeaIy 
weD, yet I found" them not better than thofe made 
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of.:~hen_te ; 'and as th~e !ail are much cheal" 
el'; and I believe equal1y durable, tlley -ougbt cer .. 
"idly 10 be preferredo That the ftoppet inay be 
malie to fit with accllracy the hole it is intftded "b) 

clore, (",hieh is necetfary, as will be feen hereafter;) 
fhey may be ground together with fine fand moilt.o 

°h ' ened Wit ",ater. . . 

Senfible, from the bebrinhing, of the great i~ 
portance of being abfolutely maller of the air whick. 
is admitted into the fire-place to f-ecd the Fac, fa a. 
to be able to admit more or kfs at pleafure, or to 
exclude it entirely; [ took. care, in all D'.lY fire .. 
places, to clofe very exafily the pafTage into the ;db:.. 
pit by a door carefully fitted to its Jlame, the air 
being admitted through a femicircular opening fur .. 
nilhed with a regirler in the middle of this doqr. 
This comrivance (which admits of no further im­
provement) is indifpenfably neceiTary in aU wclf. 
conflruUed fire~place$ 1 great or ·[mall. (~ -thd 
Figures from Fig. 9 to Fig. 16. Plat~ II.) 

Having occafion, in the, courfe of my arrange. 
mems, to make ule of a great number of boilm, 
and often of [evera! boilers of the fame dimenflORs. 
I availed myfelf of that circumfhnce to·determm.e, 
by aaual experiments, the heft form for boiler., or 
tbat forql which, with any given capacity, IhaII J­
b~n adapted for faving Fuel. 

Two or more boilers of the fame capacity, but 
of different forms, conftrw.Eted of. fheet copper of 
the fame thlcknefs, were placed in clored firea.pl&«l;· 
COJlUru8ed. a. · nearly as poffrble upon the faJmt 
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'pr~p~ and were ufed for a length of tim~jn 
~.I~e culinary procelfes i and the quantity of 
~el . confwned by each, being noted; the campa­
'rative"advjlntages of their different forms wen:, af~ 
attained. , Some of thefe boilers were· made deep 
and narrowi-.~thers wide and lhaHow i-there 
'were fome with flat bottc..ms; others o( a globular 
f<?tm.; and" others again with their bottoms drawn 
iftward" like fhe bottom of a common glafs borde. 
The-refuJts of thefe inqutries wert: very curious, and 
Jed me to a man: interelling difcovery:-They 
ta.ught me not only what form;;; arc bell fa; boilers; 
but a)[o (what is mil more interefl:ing) 'Why one 
(orm is preferable to another :-They g,',ve me 
much new light with rcfpeCi: to the manner in which 
ih;me and hot vapour part with their heat ; a.nd 
fuggefl:ed to me the idea of a very important iill. 
pro,rement ill the in ternal confhuEl:ioll of fire· 
places, which I han! fince put in praClice with great 
Cuccers. 

But in order to he aple to expJain this maHer in 
~, dear and fatisfaEl:ory In'J.nllcr, and to render it 
eafieno be under!l.ood by thofe who have not been 
much converfant in inquiries of this kind. it will be 
ncceffary to gP back a little, and to treat the fubjed 
under con.fideration in a more regular and fcientific 
manner. 

': . J'hough it was not my intention originally to 
~rite an ~ementary treatife on Heat, yet, as the firl! 
OF f,un~mental principles of thilt [dence are necef~ 
~ to be kno\"\:n, in order to eflablifu upon falid 
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~ound.s the prailical rules and direaio~ .. re~ti"C; 
to"the manag~ment of Heat which wil~ herea(l:eI be 
.recommended, it will not, I truft, ~e deemt:C;l ~i.tqer 
imJl{0per or fuperfluous, t'? take a mot:~ ext.eJ;l1iv~ 
view"bf th\ fubjea, and to treat it m.etb.odicaJ:ly, 
and at-fome length. 

I have perhaps already expofed myfelf to cri:-' 
ticifm, by paying fa little attention to meth.od i.n 
this Effay, as to poftpone 10 long the invefiigatiOI;l 
of the elementary principles of the [deuce I have 
undertaken to trer--It may be thought that the 
part of the fubjeEt I am now about to confider 
fhould have preceded aJl other illvefligation ;- that 
inftead of occupying the middle of my book, it 
ought to have been difcufTed in the IlltroduC1:ion, 
or at lea[J:: to have been treated in the beginning of 
the firft chapter :-But if I have been guilty of a 
fault in t1w arrangement of my fubjcCl, it has arifell 
not from inattention, but from an error of judg­
ment. D cfirous rather of writing an I!/ejui book, 
than of being the Author of a Jpkndid performance, 
I have not f~rupled to tranfgrefs the eflablifhed rules 
of elegant compolition in aU cafes where 1 thought it 
would cOlUribule to my main defign, Pfiblj( utilil!.­
-And well aWare th at my hook, in order to its 
being really ufeful, mull h~ re;:d hy many who have 
neither time nor patience to labour through an ele. 
mentary treatife upon fa abfhule a fubjeCt, I have 
endeavoured to dcc:Jy my reader into the fituation 
in which I wiih him to be placed, in c(der to his 
having a complete "iew of the profpefl: JVta\'e prc-
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pared for Jti.m, T3.t~er than to (orce him into it. :If 
J have ufed art i~ ~oing this, he mufl. forgive me ; 
my dcfign was not only innocent, but fuch as ought 
to entitle me to his thanks and to his efteem ... _ J 
wifhed to entice him on as far as poffible, Without 
letting ~m perc~ve the difficulties of t{te road; and 
now that we have come on together fo far, and are 
fa near our journey's end, I hope and trun. that he 
~ll not leave me.-To proceed therefore-
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C I-l A P. U. 

OJ/he GE.~R.~TION OF HEAT b~ the COMBU~TlObl 
OF FUEL .\-Without l,ntrdJing what Heot really. 
iI, the Law/\cf ils A8ioll 1;10Y be invcfligated.­
Probability th~ the Heal generated in the Comhttf 

lion of File! is~niJlXd by the Air, and not by the 
Fuel. - £ffi{/j blowing a Fire cxplaillcd.-Of 
Fire-places in w ' ieb the Fire is made. to b/QU) iife/f. 
-Of Air-filrntl CJ.-rbcje Fire-plare! illr!flrate4 
bya Lamp on Argand's Principlc.-Great !mport~ 
once of bchlg able to regulate tbe 5?,ganlitJ of Air 
which enters a doftd Firc-placc.r-Utility of Damp. 
en in the Chill/nic! if doJcd Firc-placcs.-Gencral 
Rules and Dire{/iollS f or cOl!/lrulling cloftd Fire_ 
places; 'wilb a flill Explanation of tbe Principia 
on which thiJe Rtdci arc loU/ltled. . 

WITHOUT entering- into thare abftrufe and moll: 
difficult invefiigations rcfpeEting the Na· 

ture of FIRE~ which have employed the atten. 
cion and divided the opiniops of fpeculativc philo. 
fophers in all ages;-wirhou_t even attempting to 
determine whether there be fuch a thing as an ig. 
1tCOUJ fluid, or not ;-whether what we call eat be 
occafioned by the accumulation~ or by the 
action of fuch a fluid i-or whether it at' s merely 
from an increafed motion in the com nent par. 
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tides of the body heated, or of fame elafiiclluid by._ 
which thofe particles are fuppofed to be furround­
ed, and upon which they are fuppofed to act, or by 
which they are fuppofed to be acted upon :-)1\ , 
fuort, without bewildering myfelf ;:nd tmy 1~ider 
in this endlefs labyrinth of darknefSJdnd uncer· 
tainty, I iball confine my inquiric.~ ;. objeC1s more 
ufeful, and which are clearly \\ i ~ : ..il1 .::e reach of 
human inveftigation ;-namel'" 'l, ~. difcovery of 
the fenlible properties of Heat, . • .md of the mofl 
advantageous methods of gener; ring it, and of di. 
reCting it with certainty and eifel} in thofe various 
proct:ffes in which it is employed in the economy 
of human life. 

Though I do not undertake to determine -u.:hat 
Hcat really is, nor even to offer any opinior:s or 
coJAi~ures relative to that fubjeCt; yet a~ Hedt is 
~dently fomelhing capable of being excited or 
generated, increafed or accumulated, meafured 
and transferred from one body to another; in treat· 
ing the fubjeft, I {hall fpeak of it as being gene. 
rated, confined, dircEfed, dij-l)crftd, &c.; it being 
neceifary to ufe thefe terms in order to make myfelf 
underfiood. 

Though it is not known exactly bow n.'ucb Heat 
it is pollible to produce in the cC)mbuftion of any 
given quantity of any given kind of Fud, yet it i ~ 
more tllm prohable. that the quantity depends in a . \ 
great m\:afure on the Management of the Fire. 
It is like~:re probablc-I might fay certain-that 
th~ Heat troduced is furnifhed, not merely by the 
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. Fuel,~ in a great meafure, if not entirely, by 
the air by which the Fire ' is fed and fupported. 
'It is well known that air is neceffary to combufiion; 

.... .js likewife known that the pure part of common 
at~~phe~c ~ir, OT that part of ,it (amounting to 
about TOP~S whole volume) which alone is capable 
of fupporting ' he combuftion of inflammable 'bo. 
dies, undergoe. a remarkable change, or is aCl:ually 
dccompoJed in th... procefs; and as in this decompo. 
fition of pure air great quantity of heat'is known 
.to be ferloofe, or ( 0 become redundant, it has been 
fuppofed by man;, (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 fouree. 

But whether it be the air or the Fuel which fur~ 
niChes the heat. it {eerns 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 combuflion or decompofition of the Fuel is 
more complete. In all probability, the decompo. 
fition of the air keeps pace with the decompofiticin 
of the Fuel. 

It is well known that the confurnption of Fuel is 
much accelerated , and the intenfity of the heat· 
augmented, by caufing the air by which t c6P1~ 
buflion is excited, to flow into the fire- ace i.n a 
continued flream, and with a certain de ee of \ .... 
locity. Hence. blowing a fire, when th urrent of 
air is properly direC\ed, and 'when' IS not too 
ftrong, fe:\'cs to accelerate the combu! 'on, and [0 
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increafe the heat; but when the blaft is ~JIJProperly:. 
directed, it will rather ferve to derange" and to im~ 
pede the combuftion than to forward it; and when 
it is too {hong it will blow the :Fire r~ ll ;te out;.-or. 
totally extinguilh it. There is no fiT, : i 'ow~ i04 
teofe, but may be blown out by ~ l:>r ,." ;1 Ir, pro. 
vided it be fufItciently {hong, an~d;1 ,,: ~~ iafallibly 
as by OJ. ftream of cold water. 'Cl ; .\:" ... n_powder, 
the moft inflammable perhaps of nOWD fubftances, 
may be actually on fire at its flT .• face, ~:'I.d yet the 
Fire may be blown out and extit·guifhed before the 
grain of powder has had time .to be entirely can· 
Sumed. 

This faa, however extraordinary and incredible 
it may C!ppear, 1 have proved by the mafl: unex­
ceptionable and concluflvc experiments. 

Fire-places mOl)' be fo conflru8:ed that the Fire 
may be made to blow itfelf, or-which is the fame 
dling-to caufe a current of air to flow into th~ 
Fire: And this is an objctl: to which the greaten. 
attentioll ought to be paid in the confiruO:ion of all 
fire-places where it is not intended to make ufe of 
an artificial blall: from bellows for blo\' .. -ing the Fire. 
Furnaces conllruEteJ upon this principle have been 
called airjurJlaccs ; but every fire -place, and par­
ticularly every e1afed fire .place, ought to be an 
aiT-fUTU~ .. CC' and that even were it illtenJed to [erve 
oD.ly fo dle linallcfi faucepan, otherwife it cannot 
'he perfe :", 

An A~l1d's lamp is a fire-place upon this con­
!truWon ;;for the glars tube which furrounds the 
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wick "'Nnd which dilliriguilhes this lamp fro)1l all 
odters j ~es .mer~ly as a:. blower. The cir~ular 
form of tbe wick is not dfential ; for by applying 
a flatted glafs tube as a blower t~ a lamp with a flat 
'Of" .~~nd ~jck, it may be made to give as ~uch 
light as ao!:\Argand's la.mp; or at leaft quite as 
much in proi-:,(.rtion to the fize of the wick, and to 
the quantity ot ~il confumed, as I have found by 
aaual expcrime· t. 

But it is not t e light aione that IS increafed in 
confequcncc of thl application of thef~ blowers j­
the heat a1(0 is rerJ.1ered much more intenfe ;-and 
~s the heat of any tlre may be increafed by a fimilar 
contrivance, on that account it is that I have had 
rccourfe to there lamps to affift me in explaining 
the (ubject under confideration. In thefe lamps 
the fire-place is elafed on all fides, and the current 
of l\ir which feeds the Fire rifes up perpendicularly 
from below the fin:-place into the Fire. By fur. 
rounding the Fire on all fides by a \\'<:..11, the cold 
atmofphere is prevented from rufhing in laterally 
from all quarters to fupply the place of the heated 
air or vapour, which, in confequence of its in. 
creafed elailicity from the heat, continually rifes 
from the Firf:, and this caufes the current of 
air below (the only quarters from which 
with advantage flow into the Fire) to 
{hong. 

But in order that a fire-plal..f' may be erfeCt, it 
fuould be fo contrived that the comb Ion of the 
Fue!, and the generation of the hea 
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fiil.i:llly'bdccelirated dr iet1iriled,witpf>faddi.g. 
to 'or:;(JitTiinijhing 'toe quantify of Fife!;' and, when 
tlle "nre~place is elofed, this may eafily be done by. 
means of ~ reg?Jler in the door which. dares "the l};If,.", 
rage leading to the afh~pit ;...-for, a .. the;-rap~ of 
the combufl:ion depends upon the <J-vantity of air 
by which the Fire is fed, by OPtO- g the regillcr 
more or lefs, more or Jcr~ air will ()c admitted into 
the fire-place, and confequently OTe or lefs Fuel 
will be conrumed, and more ar/fs heat generated 
in any given time, though th .. quantity of Fuel 
in the fire-place be :l.CluaUy 1tuch gre ... ter than 
what otherwife would be fufficient.-Fig. 9. !hews 
the form of the rcgiIier I comn~ollly ufe for this 
ptiTpofe. 

"In order that this regifl:cr may produce its pro­
perefi-eCt, a valve, or a damper, as it is cnmmnnl)' 
called, !bould be pbced in the chimney or c"nal 
by which the fmoke is carried off; which damper 
{hollid be opened more or lefs, as the quantity of 
air is greater ,or lefs which is admitted into the fire­
place. This rcgiHer and this damper will be found 
very ufeful in another refpeCt, and that is, in put­
f.il1g Oltt the Fire when there is no longer an occa. 
fion for it; for. upon d oling them both entirely, 
the<-~e will be immediately cxtinguilhed. and the 
half-con 'lmed Fuel, infiead of being fuftered to 
burn ou t'o no purpofe, will be faved. 

N earl ' the fame effell:s as are produced by a 
damper III -, be produced without one, by caufing 
the [make! after it has quitted the rue-place, ' to' 
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defcend'fd'erai feet below the level of the grate 'on 
'which the Fuel is burned, before it is permitted to 
.go up the chimney . 
.--J'here is another circumfiance of much import. 
ance ' ,"",hich mull: be attended to in the conftruCtion 
of fire.p1aceii..; and that is, the proper difpofition of 
the Fuel; for in order that the combullion may go 
on well, it isnecebry. ootonly that the Fuel be in its 
proper place, but'1lifo that it be properly difpofed ; 
-that is to fay, t1\fl,l the folid.parts of the Fuel' be 
of a ju/l fize, and t~']at they be not placed too near 
each other) (0 as tr~· prcn::u the frec patfage of the' 
air between them, nor too far afundcr; and if th-e 
fire-place c<ln be fo contrived, that folid pieces of 
Ihe inB"meJ Fuel, a:: they go on to be diminilhed 
in fize as they burn, may naturally fall together in 
the center of the fire.p lace without any afliftance, it 
will uc a great imprO\'ement, as 1 have found by 
experience. This m:.y be done, in [mall fire. places,. 
(and in thefe it is more particularly necefiary.) by 
burning ~he fuel upon a grate ill rhe form of a 
fcgment of a hollow fphere, or of a difh. (Sec the 
Figmcs 3 and A- Plate I. ) All thofe I now ufe,.. 
extept it be for fire.places which are very large jn~ 
deed, are of this form; and where wood is made 
ufe of for Fuel, it is CUI into limll billets frCJfd'4-­

to 6 inches in length . Inl1ead of a grate1{ iron,. 
I .. have lately introduced grates, or rathe~ · hollow 
dlfhes or pans, of earthen ware, vcrforat ""irh a 
great number of hob for giving a pafl1ge to the 
air. 

There 
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Thefe perforated eil!then ' pa,ns, whic!l are made: 
v~fY thick and {hong. are incompadbly ch~aper 
than iron grates; and judging from the experience 
I have had of them, I am inclined co think tbU .. 
an[wer even better than the grates j ind~p~ 
pears [0 me not difficult to affign a,... reafon why' 
they ought to be better. 

For large fire-places I havCjf fometimes ufed 
grates, the bars of which weT~ common bricks 
placed edgewire, 3!1d thefe h;ive hem found to 
anfwer very well. 

As only Ibat part if t/;~ air ",'ruch, entering the 
fire-place in a -proper manner. and in a j:.lfl: quan. 
tit)', and coming into acrual contact with the bum­
ing Fuel, iJ dec~mpofed, contributes to the genera­
tion of hea.t ; it is evident that all the .ur that 
finds its way into lhe fire-place, and out of it o1gnillJ 
without being decompofed, is a thief ;- that ic not 
only contributes not bing to the heat, but being i ~felf 
heated at the expence of the Fire, and going off 
hot into the atmofpherc by the chimney, occafions 
an aCl::ual lofs of heat; and this lofs is often very 
confiderablc, and thl! prtventioll of it is fuch an 
ohjea, that too much attention comnot be paid to 
it in the <:.onftru£l:ion of fire-places . 
. . \Vhen the fire.place is elofed on all fides by a 
wa , .nd when the opening by ',,'hich the Fuel is 
iutrod r:x:d is kept elored, no air can prefs in latl:. 
rally pon the Fire; but yet, when the grate is 
larger t· Ihe heap of burning Fuel, wrlich mull: 
often be the cafe, a greJt quantity of air may in. 
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finuate itfelf by the fides of ,the grate into the fi.re~ 
place, witho.t going through the Fire: But when, 
.i.nftead of an iron-grate, a perforated hollow earthen 
.!Wl is ufed, by making the bottom of the pan of a 
certair;:~ thicknefs, 2, 3, or 4 inches, for inllance, 
and making .. all the air .holes point to one common 
center, (to the focus or center of the Fire,) this fur­
rive entrance of cold ~ir into the fire-place will, in 
a great meafure, be prevented. 

This evil may likewife be prevented when circu. 
lar hollow iron grates arc ufed, by narrowing the 
fire-place immediatc:ly under the grate, in the form 
of an inverted, truncated, hollow conc, the open­
ing or diameter of which above being equal to the 
internal diZ!mcter of the ~ircular rim of the grafe, 
and that bciow (by which the air rifes to enter the 
fire-place) about one-third of that wameter_ (See 
the Figure 5. Plate I.) This opening below, 
through which tbe air rifes, mull: br. immediately 
under the center of the grate, and as near to it as 
pollible; care mull: be taken, however, that a [malJ 
[pace be left between the oudide or underfide of 
the iron bars which form the hollow grate, and the 
infide furfaee of this inverted hollow cone, in order 
that the allies may llidc down into the alb-pit_ 

As to the form and fize of the afu.pit, .• t,\t(; 
are matters of perfea indifference, providr,.d; how~ 
ever, that it be large enough to gi\'e a free paffage 
to the air necelfary for feeding the Fire, and that 
the only paffage into it" by which air -can enter, is 
dared by a good door furnifhed with a regifte~ •. 

The 
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The 'neceffity of being completely maO:.er or tht 
palfage, by which the air enters the {fire-place, has 
already been fufficiently explained, 

It is perhaps unneceffary for me to ohfer\'c,··thllt 
where perforated earthen pans ;ire ufed Jilfiead of 
iron grates, the air.holes in the pai,s ought to be 
rather [maller aboyc than below, in order that they 
may not be choaked up by liIe [mall pieces of coal, 
.and the afhcs which occ;\fionally fall through them 
into the a!h-pit. 
. One great advant;]ge attending: fire-places on the 

confuunion here propared, is, that they [erve 
.equally well for e\'cry kind of Fud. Wood, pit­
coal, charcoal, turf, &c. may indifferently be ured, 
and all of them with th6 fame facility, and with the 
fame advantages ; or any two, o r morc, cf thefe 
different kinds of Fuel, may be ufed dl thl. fame 
time without the fmallefi inconvenience ;-0}- the 
,Fire having been lighted with dry wood, or any 

(lther very inflammable material, the heat may at:' 
terwards be kept up by cheaper or more ordinary 
Fuel of a more difficult and Oow combuflion.­
Some kinds of Fuel will perhaps be found mo!! adM 
vantageous for making the pot boil, and others 
for keeping it boiling j and a ycry confidcrable 
~ ~jJJ probably be found to refuIt ftrlm paying 
due ~nlion to Ihis circum!1anc..:. When the 
fire-place is fo contrived as to ferve equally well for 
'all kinds of Fuel, this may he dotte with out the 
leaft diffi~ulty or trouble. 

1 ha,.e 
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I -have jull: lhown, that narrowing that part of 
the fire-place \ .. bich lies below the grate, [erves to 
make the air enter the fire in a morc advantageow: 
IT'l oner. This conftfucuon has another advan­
tage, perhaps Il:ill more important j the heat which 
i~ projected ilownwards through the openings be­
tween the bars of the grate, illfl:ead of being per­
mitred to efcapc into tlie alh-pit, ( where it wOl&l4 
be loa,) fhiking againlt the fides of this inverted­
nollow cone, if. is then: Hopped, and afterwards rifes 
into the fire-place again with the curren t of air 
wt.ich feeds Ihc Vire, or it is immediately reflcEted 
by [his conical {nrface, and, aftcr two or three 
bounus from fide to fide, i$ thrown up ag.!infr lhe 
bottom of the boi ler. 

But in order to be able to form a dear and 
diflintl: idea upon this fubjetl-, it is necelfary to 
examine with Care ~ll the circumftances :ntending 
the genaation of heat in the cvmoufl:i0n of in.. 
lIammabie bodies, and to fee in what manner. or 
under what form, the heat generated manifefl:s it. 
Idf, and how it may be colleaed, accumulated, 
conhncd , and diredeJ. 

This Op~1lS a \ville fie ld fur philofophical inquiry; 
but as thek invefli;:,:atiuns are nor only curious an~ 
entertaining, but aifo ufeful and important in ' a 
high degree, I tTUft my rc::ader will paldOl~ me for 
requefiing bis particular attenrioH while I endeavour 
to do juHicc [0 this moft interefting, but, at the 
fame time, mort abfl:ruL~ and moll: difficult ~rt of 
the fubject I have undert<!ken to treat. 

The 
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The heat generated in the combuftion of Fuel 
manifells itfelf in two ways j namely"n the hot va­
pour which rifes from the Fire. with which it may 
be faid to be (ombi71ed, and in the calorific r~~'s 

which are thrown off from the Fire in all direc­
tions.-Thefe rays may, with greatcr tropriety, be , 
faid [0 be calorific, or capable of generating heat, in 
any body by which they aTe flopped, than to be 
called hot; for when they pafs free. y through any 
medium, (as tbrough a mafs of air, for infi.ance,) 
they are not found to communicate any heat what­
ever to fuch medium; r.eithcr do they "ppear to 
excite any confiderable degree of heat in bodies 
from \vhofe furfaces they are refleCted; and in thefe 
refpeEl:s they bear a manifefi. refemblance to the 
rays emitted by the fun. 

'Vhat proportion this rndimll heat (if I may be 
allowed to ufe fo inaccurate an expretlion) bears to 
that which goes off from burning bodies in the 
fmoke and heated vapour, is not exaEl:ly knowr! ; 
it is certain, however, that the quantity of heat 
which goes ofl' in the heated elafiic fluids, vifible 
ar:d invifiblc, which rife from a Fire, is much 
greater than that which all the calorific rays united 
would be capable of producing. But though the 
~tity of radiant h(at is Icfs than that exifl:ing in 
the hot ,:apour, (and which, for the fakel.>f dillinc­
tion, may be called combilled heat,) the former is 
Hill much too confiderable to be neglefted. 

That the heat generated, or excited, by the calo­
rific rays whkh pl'oc~ed from burning bodies, is in 

faCl 
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.fae!: confiderable, is evident from the heat which is 
felt in a rOQm wanned by a chimney Fire; for as 
'&.II the heat, combined with the fmoke and hot va­
pur, goes up the chimney, it is certain that the 
increafe of heat in the room,·occafioned by the Fire, 
is entirely o...,ing to the calorific rays thrown into 
it from the burning Fuel. 

The aCtivity of thefe rays may be lhown in 
various ways, but in no way in a more fi:riking 
manner than by the following fimple Experiment ': 
'When the Fire burns bright upon the hCOltth. let 
the arm be extended in a fhaight line towards the 
center of the Fire, with the haml open, and all the 
fingers extended and pointing to the Fire. If 'the 
hand is riot nearer the Fire than the difrance of 
(wo or three yards, except the Fire be \'cry large 
indeed, the heat will feareely be perceptible; but 
if, without moving tbe ann, the wriH be bent up­
wards fo as to prcfent the infide or flat of the hand 
perpendicular to the Fire, the heat wiil hot only be 
very fenfibly fclt, but, if the Fire be large, and if it 
burns clear and bright, it will be found to be [0 . 

im~nfe as to be quite infupportable. , 
It is not, however, burning bodies alone that 

emit calorific rays. All bodies,-thofe which arJ'_; 
fixed and incombufiible, a3 well as thofe which are 
inflammablc,-fluid~ as well as foiids,-are found 
to throw off thefe rays in great abundance, as Coon 
<i:t they are heated to that degree which is neceffary 
to their becoming luminous in the dark, or till 
they are red. hot. 
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Bodies even which are heated to a lefs degree than 
that which is necelTary to their emittina viJiblc light, " 
!end off calorific rays in all direCtions. This is a. 
matter of fad, which has been proved by ·experi~ 
menf. Do all bodies, at all temperature.:;,-freez_ 
ing mercury as well as melting iron,-..~contillually 

emit thefe rays in greater or lefs quantities, or with 
greater or lefs velocities? --Are bodies cooled in 
confequcnce of their emitting thde rays ?-Do 
thefe calorific rays always gener<lte hear, cven when 
the body, by which they arc Hopped or abforbed, 
is hotter than that from which the rays proceed­
ed ?~But I forget tha~ 1 promifed not to involve 
royfelf in abftrufe fpeculation.-To return thcn :­
Whatever may be the nature of the rays emitted 
by burning "Fuel, a~ olle of their kfUiWIl properties is 
to generate heat, they ought certainly to be very 
particularly attended to in every arrangemen! in 
which the Economy of H eat, or of Fuel, is a prin­
cipal objeCt in view. 

As thefe calorific rays generate heat in the body 
by which they arefllJj>pt'd or abflrbed, and not in the 
n1'!dium through which lhcy pars, it i:; necdf.ry to 
difpofc thofe hoJies which arc ddiglled for flopping 
,wem, in fuch a manner that they may calily am~ 
nccq/lari/y communicate the heat they thus acquire 
to the body upon which it is intended that it fhould 
operate. 

The elored fi.re-places which I have recommend. 
ed, and which will hereafter be more particularly 
defcribed, will anfwer this purpore completely. 

The 
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-The Fire being dafed 111 thek, fire~places. on every 
fide, as weU below the grate as laterally, and in 
"thort every where, except where thr. bottom of the 
boiler prefents itfelf to .(he Fire, none of thefe rays 
.can poffibly efcape; and as the materials of which 
tbe fire-plaGe is ~ruaed, (bricks and 'nlt;'rtar,:). 
2I'e bad .conducwriof heat, but a fmall part or:the 
heat generated. in the combuftion of the Fuel Will 
be abfocbed and tranfmitted "by them into the int~.;. 
rior parts 'Of " the wall, there to be difperfed and 
10ft. But the confining of heat is a matter or fu£ 
Ment importance to dererve being treated in a fe .. 
parate Chapter. 
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CHAP. Ill. 

Of th~ Mean.r qcoNFpnNG HEAT, o .. d lHRF.CT .. 

. ING T'I'S OPERA~~ON~.-Of Condutlofs and Non. 
crmaullors of H~at.-CDmmon AtmoJpher,ic Air a 
good Non.cond~a()r of Heat, and lIJ1lY be employed .. 
with great .Ild'flontage for confining it-is employed 
hy Nature for that Purpofi, in many ltifiances-it 
.the. principal Cauft of the Warmth of Natural and 
Art!ftCial C/qthing-is the Jole Cauft of the Warmtb 
of ' Double Windowlo-:-Great Utility · of Double 
Windows and Double Wtzlls ...... they are equally uft­
fu1 in Hoi Countries as in Cold.-ALL ELASTIC 

FLUIDS Non-co.nduflors of Hen/.-STEAM prO'lJfd 
by Experimmt If) be a Non-conduflor of Heaf.--: 
-FLAME iI a!fo a Non-condu{/or oj Heal. 

THAT HEAT pa{fes more freely through fome 
, bodieS than through others, is a faCt well 
k.nown; but the caufe of this difference in the con .. 
dulling powers of bodies with refpeft to Heat, has 
110t yet been' difcovered. 

The utility of giving a wooden handle to a tea~ 
pot or coffee.ppt of metal, or of covering irs metallic 
h~d1eo:with leather, or with wood, is well known: 
But the difference ~ the conduCting powers· of va .. 
nous bodies with regard to Heat, may be {hewn by 
a great number of very fimple experiments ;-fuch .. 
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as are in the power of every ~ 'to : rriak.e at all 
times an~ in all places, and almoft withoUt 'either 
trouble or"expence. . ',' , 

If an iton nail and a pin of wood, of the fame 
form ana...climenfions, be held fucceffively m. ,p¥: 
flame of it candle; ' the difference in the conduffing 
powers of the metal and of wood will manifeft ~t .. 
{elf in a mariner in which there will be no r~m 
left for doubt. As foon as the end of the nail, 
which is expofed in the flame of the candle,. beg~ 
to be heated, the other end oHt will grow fo-hoc as 
to render it impoffible to hold it in the hand' ~tha 
out being hurnt; but the wood may be ' held any 
length of time in the fame fituation wi~hout- the leaft 
inconvenience; and,. even after it has taken :fire, 
it may be held till it is dmoft entirely confU:Jlled; 
for the uninflamed wood will no"t grow hot, ., and, 
till the Bame actually comes in contaCt with the 
fingers, they will not be burnt. If. a fmall flip or 
tube of glafs be held in the flame of the candle. in 
the fame manner, the end of the glafs by whick it 
is held will be found to be more heated than the 
wood, but incomparably lefs fo than the pin oi nail. 
of metal i-and among all the' various' bodj.es tha:t 
can be tried in this manner, no two of them wifl 
be . found to give a paffage to Heat thrJ:)uglf, th~ 
fubfiances with exaClly the fame degree .V faci .. 
lity· . 

To 
• To Ihow the rt:lf!ive cond"o!\:j,'i politer of the di~l"Cn! nMt&!., 

DoElOt Illgmhol.ll cOMrir'"' I "err pten,. Ulpcrimcnt. He ~~ . 
I s elj,lIal 
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_ ~J;~ · '~.onfin~. H~t is',nomm.g more than to prevent: 
~-";~ out ~f the hot .. body in which it exifis, 
ap~ in which it is required to be retained; and this 
can only be done -by furrounding the ho~ body by 
fome covering. 'compo~ed of a fubllance th.rough 
which Heat caJ:'Jllpt p~s, or 'through which it paffes 
with great difficulty. If a covering could be found 
ped'eflly impervious to Heat, t~ere is reafaD to be ... 
lieve that a hot"b1xl.y, completely furrounded by it, 
would'remain hot for 'ever j but we are acquainted 
With no fuch fubfiance; nor js it probable that any 
fuch exifis. ' 

, 'Thofe bodies in which Heat palfes fredy or ra­
puUy,. are called CondllBor.t of Heat; thore in which 
it makes its way with great difliculty, or very !low. 
~y, Non-{QnduClors, or bad ConduCtors of Heat. The 
ep~thets, good, bad, indifl.erent, excellent, &c. are 
Olpplied indifferently to (ollduBoTJ and to non-iiin,. ! 
JutlOTJ. A go~ conduaor, for irillance, is one in 
which Heat pa{fes very freely; a good non-con-
4udor is one in which it paifes with great difficulty; 
apd an indifferenq:ondutl:or may likewife be called, 
~thQut any impropriety~ an indifferent non.con. 
duCtor •. 

' .'1ull ',ii,ndcr. of the"different lI)en.h, ( ~ing fttaijht ,j~e". of ROllt 
~rt. IInwn 1hrol;gh Ihc fame kalt, .P~ of Ihe ~tnc ~cr"gtb,) and 
_itl'pinrqa,m into melt~d "'''', conrtd tlltm wid .. a thin ca31ing of 
thn.u.. He tl~ n hcl<j ont end of each of there. cylinders in boiling 
... tyr • • 1Id obfervtd how (~r lhe cOJIiing of wax was mthtd b, the 
Heal ,"OD"Im\lnica~d ih ro\!gh tQe llI,tll, and with what celerity tbe 
Ik~'" pa~. 

. Thor. 
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nwfe bodies whlll'"1te the worft:condudors, or 

wher the' beft non.conduaors )or Hett, 'are heft 
~da:pted for forming coverings for eonfintngHeat~ 

All the metals are remarkably good cond~aors 
of~ut ;-wood, and in ge~eral a!llight, dry, and 
(pungy ~tl:ies, ar¢ 'norPcondutlors: Glafs, tho~ 

- ~ " ; )" 

a: very hard and compaCl: body, is a non-conductor. 
Mercury, water, and liquids of aU kinds, are ~n • 

. duaors ; but air. and in general all elaftic ~ulas) 

.p<ram even not excepted, are non-conduCtors; 
Some eXperiments which r have latel:y made, and 

which have not yet been publilhed, have . induc~a 
me (0 [urpea that water, mercury, and aU other 
non-dallic fluids? do not permit Heat to pafs 
through them from particle to particle, as it u,n­

d.oubted ly paifes through folid bodies, but that 
their apparent conduCting powers depend "efi"en. 
tially upon the t:xtreme mobility of their parts; "in 
/hart, that they rather tran/port Heat than allo~ ~t 
a paffage. But I will not.anticipate a fubjea which 
I propare to treat more fully at fame future 
period. 

The conduCting power of any fotid body in one 
folid mars, is much greater than !'hat of the fame 
body reduced to a powder, or divided "intI) many 
Imaller pieces : An iron bar, or an iron plate," for 
infi:ance, is a much better <.:onduCl:or of Heat than 
iron filings; and faw~du1l: is a bette"r non.:coJltduCtor 
than woqd. " Dry wood~a/hes is a betta non-con. 
duCtor than either; and vr:ry dry charcoal reduced 
to a fine powder is one of the bell non4conduB:ora' 
known; and as charcoal is perfe81y mcombuftible", 

E 3 when 
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w~ toiIfin<;dina ~fl,a-e frdIi.air can have . 
.o~~I, it is admirably well calculated for {ann .. 
ipg 'i 'barrier for confining Heat, where the Heat to 
be confined .is intenfe • 
. ' But among all the various fubftance8 of wbif;h 
oov.erings Ipay 6e. formed for confining -}leat; '~one 
can be employed with greater advantage than com· 
man atmofpheric air. It is what Nature employs 
fot~-that purpofe j and we cannot d.J better than to 
imitate her. 

The warmt.h of the wool and fur of beaCh, and 
of the feathers of birds" is undoubtedly owing to 
the air in their interfiices; which air, being 
llrongly attraUed by thefe fubtl:ances, is con­
fine4, and forms a barrier which not only p!events 
the cold winds from approaching the body of the 
animal, but which appofes an almoil in[urmount. 
abl~ obftacle to the efcape of the Heat .of the animal 
into. the atmofphere. And in the fame manner the 
air in fnow ferves to preferve the Heat of the earth 
in winter. The warmth- of all kinds of artificial 
clothing may be fhown to depend on the {arne 

ClUre; and were this circumftance more generally 
known, and more attended to, very important im~ 
provetnents in the Management of Heat could net 
fail to refult from it. A great part of our lives is 
fpent in guarding ourfelves againft: the extremes of 
heat and of cold, and in operations in which the 
~re of 'Fire is indifpenfable; and yet hew little 
pTogrefs has been made in that moil. ufeful and 
moft in~portant Qf the arts)-the Management of 
Heat'! . 

Double 
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Dou~le win99W'''ft , ~ ,in ,life;!I\'Dy years 
In moll of-the northern parts 'of EurOpe; and their 
.great utility, in rend~ the houfes fum.ifbed'with 
them warm and Comfortable in winter, iI Waiver .. 
fa)J.y"'~cknowIedged,-but I have ~ever . lieard that 
any !Kia,- ~as thought of emploYing ti<m in hot 
countries to keep' th~ir apartmentircool in fum­
mer ;-yet how eafy and natural is this application 
of fa fimple and fa u{eful an invention !-If .. a · 
double window can prevent the Heat which is in a ' 
room from pailing But of i~, one would imagine it 
could require no great etTon o{-genius. to difcQver 
that it would be equally efficacious for preventing 
the Heat without from coming in. But natuial 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 dO!lble window either 
in Italy, orin 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, llhall take occafion 
to treat it more fully in ' an~er place. In tbe 
mean time, I fuall only obferve here, tbat it iI the 
confined air fuut up between the two windows, and 
not the double glafs plates, that renders i:h~ palfage 

• Wht"n double .. indowl arc \lied in hot couMriu, to bep ~l~ 
ing-houfet cool, g~t care muft be taken ' ~l) fel«" tboAt Willdow" 
(T9m the (nil', diretl mrl. _I'd even from tbe Jtrong light of o..y, 
otberwif, t,"", mil prodnce e!feEl' dire{\ly cOfIlnry kI tbofe inttnded. 
Thi. ,,\11 .. my bc dQllt, eitlltrhy Venetia'!, hlincb or b1 __ ill", ' 
In .11 (tfes ... here roorn ~ I re to be up! cool in hot wntber, eM 
left lirht that ;, pcrlllitte4 IQ enter the.n, th~ .\!Oler they _; 11 be. 

'. ~4 ' . ~ 
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%l~~"""!lII th,,!11 f<>;difticult. · .were it owing 
tjt'I\coiac;,eafed tbickocf' of the gWS, a fiogl. pane 
~;glaf. twlee .. -thick would anI>yer \he f.me B.t­
~fe ;." bu,t the increaftd th'cknefs of the glafs' of 
which a Window.is formed, is not found to have any 
fen(ib!e ~ff~ ~ ' rendering a room ""armf:~ 

But air IS n .• ,only a non.conduEl:or of Heat, but 
j~s non..conduB:ing power may be greatly increafed. 
To be able to form a juft idea of the manner in 
which air may be rendered a worfe conduCtor of 
Heat, or, which is the fame thing, a beuer non~ 
condufior of it than it is in its natural unconfined 
frate, it win be necdfary to confider the manner in 
which Heat pa1fes through air. Now .it appears, 
ftom the ,efult Of, a number of experiment!> which 
I made with jl view ~o the inveftigation of tm.. fub... 
jfjQ, and w hjch are publi1hed in a Paper. read be .. 
fore the Royal Society·, that though the particles 
of air, each particle for itJefJ, can' receive Heat from 
other bodies,'or communicate ino them, yet there is 
'no communication of Heat between onl particle of 
tW- and anolhtr particle of air. And from beneeit 
fC?llow8, that thouga, air may, and certainly does, 
can-y.. tJjfHeat, and tranJpart it from one place, or 
from one body to another, yet · a mars of air in a 
quiefcendi.ate, b! with all its particles at reft, could 
il remain in that fla/e,-would ~ totally impervious 
to: Heat; or fuch a mafi of air ·"would be a perfea 
non-condudor . 
. , Now jf h':at paifes in a mars Qf air merely in con .. 

fequellce of the mpdon it . otca1io.n5 in· that ~,_if 

• See the PbilofophitaJ Tranfaflion., J7'~. 

it 
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it be tr6l'lJpmtJ,-ilM~Ptrtc)rlfr,.;.;..m tbat Clfei. 
it is dear that 'wtiiteVet" cin obftru8; amtimpe'de 
the internal motion' o{-the air, I muft tend -t6" dimi~ 
nifh its conduCtin'g power: And this I hayc'fOUnd 
.tl)j,~. t~e cafe in faB:. I found that a certain·. ~uai..­
tity of fleat which was abl.e to make its way through' 
a wall, or rather a theet of confined air ~an mel;;' 
thick in 94- minutes, required Z I ~ minutes t~ make 
its way through the fame wall, when the internal 
motion of this air was impeded by mixing wfth'it 
;'T part offts bulk of eid'er.down,-of very fine fur iJ 

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 lor 
confming Heat, ruch bodies only rouA: be chofen as 
are (hemfelves .. nen-condutlms of Heat, otherwife 
they will do more ha.rm than good, as t hav~ found 
by experience. When, inftead of making ure of 
eider-down, fur, or findilk, for impeding the in~r~ 
nal motion of tbe confined- air, I ufed .an equal 
volume of exceedingly fine filver.wi re fl~tted-, . (~. 

ing the ravellings of gold or Cilver lace,) the paff1!,.ge . . . . 
of the Heat through the barner., fo f;lt from be;4tg 
impeded, was rentarkably facilitated 'by this addi­
tion; the Heat paffi~g through -this ~ompound of . 
air and fine threads of metal much fooner thtln it 
would have rftade itl> Vlay thro\lgh the air alone. 

Another circumftance to be :.Ittended to ill the 
choice of a fu,bfiance to be mixed with air, in order 
to form a covering ~r b.t>.rrier COl confining Heat, i! 
the finene[s or fubtility cf its parts; for the finer 

4 . they 



"'"~'t"" grw.r wjD be·their furiaee in propo!'­
~~r folidity;and die morewill .tbey impede 
i~~ ~tions of the particles, of the air. Coarfc 
hOtfe~hair would be fo'und to anfwer much worfe 
for this purpo[e . than the fine fur' of a beaver ~ 
though.it is not probable that there i3 any eK®.trar" 
differeJ;lce in the .chymical properties of thofe two 
kinds-of hair. 

But it is not only the finene[s of t~e parts of a 
fuMance. · and its being a non-conduEluT, which 
render it proper to be employed in the formation 
of covering to confine Heat ;-there is fiill another 
propertYtf more occult, which {eerns to have great 
iniluence in rendering fome fuJ?l1:ances better "fiued 
for this ure than others; and this is a certain at. 
t:nClion which fubfijls between . cqtain bodies and 
aiT • . T~e obflinacy with which .air adheres to The 
fine "fur of beans and to the feathers of birds,- is 
well known; and it may eafily be"proved that thi.s 
attraaion muR affifl very powerfully in preventing. 
th:e motion of the air concealed in the imerfi:ices of 
ibote fubftanc~, and,;confequemly in impeding the 
paffage of Heat t~rough thern. 

Perhaps there may be anoth~ frill more 'hidden 
.caufe which~ renders one fubflance better than an~ 
other for confining I:Ieat. I have fhown by a direct 

• 
and qnexceptionable Experiment, that Heat can 
pars . thr~lUgh the 'forrkellian vacuum·, though 
wjth rather more difficulty than in air (the conk 

• Src my E ... ptrjm~nu on Heat, publilhcd in the Philorophical 
Tr~o{.El.iolu. yol •. Ix,,,,·i. 



duaing pow~ .'9f 2ir being . .!o ,bat: of a Tonic$ 
!ian vacuum as 1000 to &o4,or··as .10 to '6, veri 
nearly); but if Heat can paIa where tb~ ia rio air. 
it murt in that cafe pafs by a m~djum ~oTe "fubtile 
than air; a medium which· moil: probably per~ 
r.U:tes all folid bodies with the gr:ilteft facijifY, ,~d 
which muf[ certainly perva4e either the glafS' or,tlie 
mercury employed in making a Torriccllian . va· 

. . 
cuum. 

Now, if there extfls a medium more fubtil.e ~~n 
air, by which Heat may'be conduaed, is it not por. 
tiblc that there may exift: a certain affinity betwten 
that medium and fenfible bodies? a cereain attrac.­
tion or coherion by means of which bodies in gene~ 
ral, or fome kinds of bodies in particular, may, 
fome how or other timpede this medium in its ope­
rations in conduning onranfpQrting Heat from one · 
place to another? It .appeared from the 'r~fult of 
fevera} of my Experiments. of " 'hich 1 have given 
an account in detail in my paper before" mentioned, 
.publifhed in the year 1786 in the LXX'VltD Vol. of 
the Phi~o[ophicil.l · Trahfaaiom, that the conduCting 
power of a Torricellian vacuum is to that of air as 
604 to JOoo : -but I found by a . fubfequent Ex­
periment, (fce niy fecond Paper on H;eat, publi.fhed 
in the Philofophical Tranfaaions for t~ y~ar· 
1792,)-that 55 parts in bulk of air, with- I part 
of fipe raw £Ilk, form~ a covering for confining. 
Heat, the condu.[\.i~g power of wLich was to that 
of air as 576"to 1284; or a~ 448 to 1000 •• Now, 
from the refult of this iaft-mentioned Expenment, 

it 
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i.~ feem th' .. the iIipoduaiorl into the (pace 
dllr!>ugl'i whkh the;He.t paJTed, of (0 fmall a quan­
titY .of raw filk as -n part of the volume, or capa. 
-'city of that [pace, rendered that [pace (w hich now 
contained 55 parts of ~ir and 1 part cf filk) mc;!~e_ 
impervious- to Ifear. than (:ven a 'l"ori"iccllian va· 
cuum.-The filk muO: therefore not only have 
completely defiroyed the conduCting power of the 
ruT, but mult. alfo at the fame t!me have very fenfi. 
bI)'. ir;npaired' that of the etherial flL!id \'JiJich pro­
bably ,occupies the interfl:iccs of air. and which 
fa-yes to co~dua-. Heat' through a TGrricelIian va­
cuum: For 'a Torrice1:ian vacuum was a better 
conductor of I-Ieat, than this medium, in the pro­
port.ion of. 604 to 443. But I forbear to enlarge 
up<?n this fubjet!. being fenfi~lc of tbe danger of 
reatoning upon the properties of a fluid whore ~;~. 
illence even is doubtful; and feeling th,;:[ .en ., 
knowiedge of the nature of Heat, and of thi: Illan. 
ne'r i~ which it is communicated from one body to 
another, is much too imperfect and obfcure to en. 
;J:b.le U S.' to pur[uc thef~ fpecuJations with any pro .. 
fpefl ()[ fu~cefs ('Ir advantage. 

\~T!~ate\'er may be the. manner in which Heat is 
co~municat~d from one body to artother, I think it 
llas beep. fufficicntly proved that it pa/fcs with great 
di.fficulty through confine~ air J and the knowledge 
or this fuct i~ "Ct;y impor~r, as it enables us to 
ta~e our meafures with certainty and with fa.cility 
(or cOllfininh' Ilcat, ';Ind diroo:ing its operations to 
ulCful.'urpok::>. 

But 



But atmofpherfC air is nqt t¥ only: non-co{UluCWt 
of Heat. All ki~ of ' air ~ artificial as well as 'n~. 
tural, and in general aU e1afiic fluids, fl~ nql 
~Kcepfed, fcem to 'poffefs ~his , property in all' · high :il 

tlegree of perfediqn as atmofpheric air. 
That fieam is not a condudor of Heat, I proved 

by the foHowing Experiment: A large globular 
bottle being provided, of very thi~ and vCfY "tranf­
parent gla[~, with a narrow uec:k, and its bottom 
dtawn inward fo as to form a hollow hemifphe:J:e 
about 6 inches in diameter; .this bottle, wh~h was 
about 8 inches in diameter externally, ~ng ' filled 
witli cold water, was placed in a fhallow di!h, or 
rather ,plate, about 10 inches in diameter, with 'a 
flat bottom formed of very thin fheet ,braf~, arid 
raifed upon a tripod; and which contained a fmaJi 
quantity (about T~O of an inch in depth) of water '; 
a fpuit lamp being then placed'under the middle of 
this plate, in a very few minules the water in 'the 
plate began to boil, and the hollow formed by the 
bottom of the bottle was filled with clouds of Ream, 
,which, after circulating in it with furprifmg 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 (w~en, 
as 1 fuppofed, the air remaining with ~he (team in 
the ho1l9w cavity formed by the bottom of the 
bottle, had acquired nearly tht: fame terppenture 
as that of the ficam) thefe clbud~ totally difap.. 
peared; and, though the water continued \p boil 
with the utmoIl violence .• the contents of this hol-

low 
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!i!i"~tt 'became [0 perfeCllyin<i(rble, i and fo 
1Iiir~'< -#pearance Was there of Iteam, that, had it 
'D& been for the {beams of water 'which were con· 
'-linuaJly running down i~s fid'es, I fhould almoft 
flave been tempted to doubt whether any fleam "'3£ 

.aually generited. 
Upon lifting up for an inftant o'ne fide of the 

. bottle, and letting in a fm!l!ler quantity of cold 
air, the clouds inftanrly returned, and continued 
iirt:tdating fevt!ra.l minutes with great rapidity, and 
then gradually difappeared as before. This Expe­
riment was repeated feveral tin,es, and always with 
the fame refutt; the fieam 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 acqvired 
the-temperature of the ll:eam. 

Finding that .cold air introduced under the bottle 
aured the fieam to 'be partially condenfed, and 
douds to be formed, I was defirous of feeing what 
Wible effects would be produced by introducing a 
cold folid body under the b6ttle. I imagine4 that 
if fieam was a conduClor of Heat, fame part of the 
Heat'in the Iteam pailing out of it into the cold 
body, douds would of courfe be formed; hut I 
thought if {team was a nOIHondullor of Heat,­
that is to' fay, if .one particle of )Jearn could »ot C011l_ 

~nicnte'any part oJits Heat to its neigbbouringpar~ 
tk18l; in that cafe, as the cold body· could only 
. aH:"~;Jhe particles of Iteam alIually in confall with 
il,-wcloud would appear; and the. refult of the 

Expe-



Experiment lbeWed. that lIeaw· is iid.a: a ..,;,."". 
dlillor iff Heat; ~; uotwithftanding 'he. co¥! b9dr 
ufed in this Experiment was yen -large and 'fery 
cold, being a folid lump of ice nearly as large as 

.an hen's egg, placed in the middle of the hollow 
cavity under the bottle, upon a [mall triJ>Od::iOr 
fiand made of iron wire; yet as foon as the clouds 
which were formed in confequence of the una,void ... 
able introduaion of cold ai,r in lifting up the, bo~ 
to introduce t~c ice, ~ere diffipated, which:··iOo:n 
hap~ed, ,the fteam became fo perfeCtly tr3nfpaceat ' 
and invifible, that ~t the · fmalle.ft appeartmtt ·.tf' 
cloudinefi 'Was to he feen any where, not even' about 
the ice, which, as it wept on to melt, appeared as 
dear and as tranfparent as a piece of the fined rock 
<ryHaI. • 

This Experiment, which I firft IIUlde at FJorenee, 
in the month of November 1793, was Teptated 
feveral times in the prefence of Lord Palmerftoa, 
who was then at Florence, and Monr. de Fontana ·0 

lIr .. ., 
• The boule m~de ufe of in tbi. Experiment, though illppeartd 

very large r:xtun.lly, contained but I very (mall quantity of <nler. 
owing 1<.> ill '*'t\(>m being very m\l~h drawn inward.. AI tire hol­
low cavity under the bouum "f the bottle (wl:icb, lit 1 juft obutT'Id, 
',",as nearly in t~ forlll of a hrmifpben:, au..! , incbet in d,.rAtter) 
{ened III a J"CCcinr for col,liuing the fica. which roi" fntllll tbt: 
boilinl WI!er in tbc plate, jt may perhaps 'be imagined tII&!:.r:~ 
glaC, rccej"cr in the form of a' bell, ruth u are u(fd i .. P~tieal 
Elpcrimellll, migbt 'n{wel" ..... dl IS thi. »otde; I tbousltt .... ,_ 
felf, but up<>JI making tbe eaperivtcnt I (oull4 WI,. ftl1bU. _ • 

. &otWmOQ "cprer will In(wet perfc~U,. w,eU, for cod-llh., .... -ia~ '''.t lile ,t.f. (oon bcl;omc. fo 'J.t rht tbe dto,,, of •• tIt ~.,. 
fonMd Ilpt* ita i_MIll (tuflu, in eon(eq,"nu of u,. """dHf&tloll 
Q/f 1M ,lium. iohad of rNllaUI, do_ Ihc.lidu of die R«i'lt,.-de ... . c""'" 



'*'. qplN1r(~"-., Fire, 

,. iller,: Experimints· the air_ ."" entirely ex­
~:from under· the bottle; (1) .the contrary, a 
cijiatxlerable quaptity of it- re~d mixed with 
the' fream even after the" clouds' had totally difap­
peared, as I found by a particular Experiment 
mafle with a view to iJ,fcertain that faa; but that 
drcumJl:ance does not render the reCult of this Ex. 
periment lefs curious, on the contrary I think it 
tends to make it more furprifing. It fuould fcem. 
that -neither the mars of il:eam, nor that of air, were 
at aU cooled by the body of ice which they fur­
r$)unded, for if the air had be~ cooled, (in mafs,) 
it feerns highly probaHe that the clouds would have 
returned. 

The reJults of there Experiments 'compared with 
thofe formerly alluded to, in which I had endea­
~u.red to afcertain the mea advantageous forms 
for bQiJers, opened ' to me an entirely new field for 
fpecu~on and for imprpvement 41 the Manage~ 
meDf. of Fire. They {hewed. me that not only coki 
a.ir, but alfo ·hot air, and hot fieam, and hot mIx­
tliJ"eS of air and fteam, -;Ie non-conduCtors of 
~eat; ~nfequently that the hot vapour which 

rranfparellt lht.m., fol"Wl h1oTl:hn Ind fht3ia, whie!, render the &,I.r. 
(0 opaque th.t notbing can he (l'('n diftinfHy through it; alld fbil of 
eourfc oOlftpl~""ly fruftntu the m.in de/ign of the F;~ptri",ent I bllt 
~Id _th in tbt; bottie ketping the glaft cool, tlu: c*wtiiuiofl of 
the Ilum "pon thc Mel of the hollow c .... itT formeu b7 lbe bottOM 
~lhr boule, g0l:5 011 mo.rt nglll.rly. and the itrell111 of waItt ""hid. 
~ ~tlftu.II'" "..nll;n, down tbe lid" of tbe gJar., uniting togtthet • 
. ...,'~~~ !."n~p1.rtnt Jhcct c{ ~Ier, by which mirlJ\S emy chillith~ 
: (Oft'f'lt~\l1I1!u ·the b!m!c lila, bt ·diflinAly Ktll, 

rifel 
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rifes from burning Fuel, and even the flame ,itftlh 
.is a llon-conduEior of Heat. 

This may be thought a bold alfertion, but a little 
calm refieaion, and a careful examination of the 
phenomena which ~ttend the combuilion of Fuel, 
and the communication of Heat by flame, will fhow 
it to be well.foun~ed; and the advantages which 
may be derived from the knowledge of this faCt 
are of very great imponance indeed. But tbie 
,fubjeCl deferve. to be thorou~hly invefligated. 

'YOL~ H. F 



C HAP. IV. 

,Of the M AN NE R in which HEAT iJ COMMUNI. 

CA T£D by FLAME to other Badill. - Flamc ofll on 
B~diu ;n the Jame Mannt'r as a hot Wind.- T he 
Fffill of a Blow'J~ipc in increajing the A E1i1Jily if. 
Flalll! u p/nine.:!, and illl{/lrated by Experiments.­
A K n()'l.t:lcdgc of the Manner in which Heat is 
(ommunicated by Home nere.ffary in order to deter­
mine t/.oe nl!ft advontageo fu l?Or1!U f or B oil.!rs. ­
General Prindpl(J on w6icl; Boilers of 1111 Dimm. 
fion! ought tQ be co'!flru{/ed. 

I F FL A M E be merely vapour, or a mixture of 
air and fit:am heated red.hot, as air and fieam 

are both non-conduClors of heat, there fcerns to be 
no difficulty in conceiving that Flame may, not· 
withftanding its great degree of heat, fiill retain the 
properties of its component fluids, and remain a 
llon-condu{1or of heat. The non-conduCling power 
of air does not appear to be at all impaired by be~ 
ing heated to the temperature of boiling water; 
.md I fee no reafon wh y that property in air, or in · 
any other eIaftic fl uid, fhould be impaired by any 
augmentation of temperature however great. If 
fieam, or if air, at the temperature of 2 I '2 degrees 
Qf Fahrenheit's thermometer, be a non~conduflor 

of 



of heat> why fhould it not remain a non~conduaor 
. at that of JOOO degrees, or when heated red-hot? 
I confefs I d·o not fee how a body ~ould be deprived 
of a property fa effential, without being at the fame' 
time totally changed; and I believe nobody will 

'imagine that either air or Ream undergo any chy-· 
mical change merely by being heatedto the tempera.: 
rature of red-hot iron. But without infifting upon 
thefe-reafonings, howe"cr conclufive I may think· 
them, I !hall endeavour to thaw, from experiment 
and obrervation, in !hart to prO'Ue, that Flame is in: 
faa a non-conductor of heat. 

Taking it for grantcd,-what I imagine will not 
be denied,-that air is a non-conduCtor of heat, at" 

leall in the fenfe I have ured that appellation, I ilial" 
endeavour to !how that Flame aEts 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 propofirion 
as fufficiently proved. 

The effea of a blaft of cold air in cooling allY 
hot body expofed to it ~s well known, and the 
caures of this effeEt may eafily be traced t~ that 
property of air which renders it a non-wnduEtor 
of heat; for if thp. particles of cold air in contaet 
with a hot body, (ould, with pcrfeCl: 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 Nhers, and fa on, 
the heat would be carried off OJ fall (1S the bot bod, 
tDllldf>art wit.I) it, and any motion of the particles 

F! of 
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ef'the air,-any wind, aT blart, wculd not fenli.bfy 
MUtate 6r hdten the cooling ~f the body; and 
by a parity of rehloning it may be lhown, that if 
Flame were in faEt a perfeCt co~duaor of heat, any 
cold body plunged into it would always be heated 
(IJ loft 01 that body could receive he.zt i and neither 
:any motion of the internal para of [he ·Flame, nor 
the velocity with which it impinged againfl the cold 
body, could have any fenfible effea either to faei. 
litate or accelerate the heating of the body. But if 
Flame be a non-condutl:or of heat, its aaion will 
be exaaJy fimilar to that of a hot wind, and can. 
fequently much will depend upon the manner in 
which it is applied to any body intended to be 
heated by it.-Thofe particles of it only whj~h are 
in ac1uaJ contaa with the body will communicate 
heat to it; and the greater the number of different 

_ particles of rae Flame which a re brought into col\._ 
taCt: with it, the greater will be the quantity of ht:at 
com~unicated: Hence the importance of caufing 
the Flame to impinge with force againft. the body to 

. be heated, and to Itrike it in fuch a manner that it~ 
current may be broken, and that whirlpools may be:: 
formed ia it; -for the rapid motion of the Flame 
caufes a quick fuccefiion of hot particles; and admit. 
ting our alTumed principles to be true,it is quite evi .. 
dent that every 1cind of internal motion among the 
particles of the Flame by which it can be agitated, 
muil tend very powerfully to accel.:rate the com .. 
lILunlcation of the heat. . 

The 


