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The effefi of a blow.pipe is well known, but I 

do not think that the manner in which it increafes 
the aBion of Flame has ever been fatisf.a&orily ex:~ 
plained. It has generally been imagined, I be. 
lieve, that the current of frelh air which is forced. 
through the Flame by a blow-pipe aCtually increafes 
the quaritity of heat; 1 rather ruppore it does little 
more than direct. the 1I1.:3t 118uollJ ex!fting in the 
Flame to a given point. A current of air canDot 
generate heat, without at the fame rime being de­
compofed; and in order to its being decompofed 
in Ci. fire) '= mull be brought into aCtual contaa 
with the burning Fud, or at lcall with the unin~ 
flamed inflammable vapour which tifes from it:_ 
But can it be fuppofed that there can be any thin, 
inflammable, and not aCtually inflamed, in the 
clear. bright. and perfetlly tranrparent Flame of a" 
wax candle? -A blow-pipe has however as ren.fibJe 
an effeU when dircB:ed againfl the clear Flame of a. 
wax candle, as when it is employed to increafe the 
aaion of a common glars-worker's lamp. 

Conceiving [hat the difcovery of the manner in 
which the current of air from a blow-pipe {erves t'O 
increafe the illtenfity of tile aftion of the Flame 
could not fail to throw much light upon (he {ub~ 
jeCt under confideration,-namely, the inveftiga. 
tion of the manner in which heat is communicate4 
to bodies by Flame,-I made the following Expe. 
riments, the reruits of which I conceive to be de. 
cifivc. 

'3 Concludinl 
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o -Concluding that the current of oUr from a blow. 
pipe, direaed againft the Flame of any burning 
body, could tend to increafc the intenfity of the 
aaion of the Flame only inane or both of thcfe two 
Ways, namely, by increaflllg its :Jlliott upon the 
body againll which it is direEl:ed; or by acrually 
increafing the quantity of heat generated in the 
(ombuftion of the Fuel; a method occurred to me 
by which I thought it pofIible to determine. by ac­
tual experiment, to which of thefe c,,_ufe3 the effeCt 
10 quellion is owing, or how much each of them 
might contribute to it. T o do this I filjd a large 
bladder, containing above a gallon, with fixed air, 
which, as is well known, is tot ally unfit for (up_ 
porting the combufl::ion of inflamn1able bodies, and 
which, of .courfe, could not be fufpeCteJ of adding 
.any heat to a Fia:ne againft. which a currf"nr of it 
Jhould be dircEted; I jl1!agin~<:llhcTC:.fore that if a 
blow-pipe fupplied with this air, on being direeL:d 
agajnft the Flame of a candre, lhould be found t'J 

produce' nearly Ihe fame tdfeCl as when common 
air is uJed for the fame pu:-pofe, it wou ld prove to 

. a demonllration that the augmentation of the in_ 
tenfity of the aClion, or a&ivity of tht! Flame wllich 
arifes from the ufe of a blow-pipe, is ewing: to the 
agitation of the Flame,-to its being dircth;d to 3. 

point.-to the impetuofity with which it is made 
to lhike againft 'the body which is heated by it,_ 
and to the rapid fuccefIion of frefh particles of this 
bot vapour, and not to any po/itive in(rcofi of )Je(l,/~ 

A blow-
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A blow.pipe being attached to the . bladder con· 

taining n.exd air, the end of this pipe was direCted 
to the clear brilliant flame of a wax candle, which 
had juft been fnuffed; and, by compreffing the 

-bladder, the - Flame was tft'ojeO:ed againll: a [mall 
tuhe of glafs, which was very foon made red.hot,. 
and even melted. 

Having repeated this 'experiment feveraI times., 
and having found how.long it rtqtiired to mdt the 
tuhe when the Flame of the candJe was {.Jrced 
againR: it by a blaft of fioyed air. I npw varied the 
experiment, by making ufe of common atmofpheric 
air, inftead of fixed air j taking care to employ [he 
fame candle and the fame blow-pipe ufed in the for. 
mer experiments. and even making ufe of the 
bladder, in order that the experiments being ex­
aaIy fimilar, and differing only in the kinds of air 
made ufe of, the e(fed of that difference might be 
difcovered and eftimated. 

The refults of there experiments were rna{\: per. 
fealy conclufive; and proved in a decifiye man· 
ner, that the effeCt of a blow-pipe, wben applied IQ 
clear Flame, arifes not from any real augmentation 
of heat, but merely from the increafc:d aCtivity of 
the Flame, in confequence of its being impelled 
with force, and broken in eddies on the furface of 
the body againft which it is made to a8:; the effeCt 
of the blow_pipe on thefe experiments being to all 
appearance quite as great when fixed air was made 
ufe of, (which c(JUfd n().t increafe the quantity of 
heat,) as when atmofpheric air was ufed. 

'I -+ But 
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But ~ying the determination of this quellion 
reIIrlve to the mannerin which Flamecommunicatel 
laear, to be a matter of much importance, I ~d 
aot rdl: my inquiries here: I repeated the expe. 
liments very often, aIfd varied. them in a great 
number of different ways; fometimes making ufe 
~f fixed air; fometimes of atmofpheric air; and 
at other times ufing deph!ogillicated air; and 
c:ommon air rendered unfit for the fuppan of ani. 
mal life and of combufiion, by burning a candle in 
it till the candle went out. 

It would take up too much time to give an ac­
count in detail of all thefe experiments; I {hall 
therefore content my(elf with merely obierving 
that they all tended to {how that the elfeH of a 
blow-pipe ".led in the manner here difcribcd, is owing 
to the direflion and velocity it gives to the: Flame 
againfl which it is employed, and not to any real 
increafe of heat: 

h mull: be remembered that the principal objea 
I had in view in thefe experiments was to dikover 
the manner in which Flame conununicates heat to 
other bodies, and by what means that communi. 
cation may be facilitated.- 'lV-ere it required to in­
creafe the inten.fityof the heat by blowing the jir~, the 
current of air mull be applied in fuch a manner as 
to expedite the combufiion; it "muft be direfied to 
the inflamed furfac~ of- the burning Fuel, and not 
to the red-hot vapour or Bame whieh rifes from it, 
and in which the combuftion is moil probably 
almdy quite cODlplete; aad in this caL: there ia 

.uo 
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no doubt but the effeCl produced by bloWing Would 
depend much upon the quality of the air made 
u[e of. 

The refults of the foregoing experiments with 
the blow-pipe '\\-ill, I am confident, be thought 
quite conclu(ive by thofe who will take the trollblc 
to confider them attentiveiy,-and the advantage&: 
that may be derived from the knowledge of the 
faa eflabliIhed by them are very obvious. If Flame, 
or the hot vapour which arifes from burning bodies, 
be a non-conduCtor of heat ;-and if, in order to 
communicate its !leat to any other body, it be n~ 
c"effary that its particles individually be brought into 
aaual contaa. with that body; it is evident that 
the form of a boi1cr, alld of its fire-place, muft be 
matters of much importance ; and that thnl form 
roun: be moll advantageous, which is beft calculated 
to produce an iraermd motion in the Flame, and tQ 

bring alternately us many of its particles as poffible 
into contaa with the .body which is to be heated. by 
it. The boiler muft not only ha\·e as large a fur. 
face as pafiible, but it muft be of fuch a form as 
to eauft:: the Flame which embraces it-to impinge 
againll: it with force-to break againft it-and to 
play over its furface in eddies and whirlpools. 

It is therefore againfl the hottom of a boiler, and 
not againfl:: its fides, that the principal efforts of the 
Flame muft be direfred j for when the Flame, or hot 
vapour, . is permitled· to rife freely by the vertical 
fides of a boiler, it flides over its furface very Ia­

pidly, and there being no obfiacle in the way to 
break 
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~,reak tne.Flame into eddies and wh:r1pools, it glide! 
quietly on like a ftrealn of water in a fmooth canal; 
and "the fame hot partic1~s of this vapour which 
happen to be in immediate contaB: with the fIdes of 
the boiler at its bottom or lower extremity, being 
continually preff'ed againfl: the furface of the boiler 
as they are forced upwards by the rifing current, 
prevent other hot particles from approaching the 
bt?iler; fa that by far the greaten part of .the heat 
in the Flame and hot vapour which rife from Ihe 
Fire, inftead of entering the boiler, goes off inlo 
the atmofphere by the chimney, and is tot:..lly loft:. 

The amount of thil> , Joff:, of heat, arifmg from 
the faulty conftru8:ion of boilers and their fire~ 

pla~es, may be eftimated from .he refults t·r the 
Exaeriments recorded in the following Chapter. 



CHAP. V. 

An A ccount of Expcrimeo/J made with Baila's a~ 
Fire-placc! of varioul Forms and DimenjioTU j I,. 
getber with Remarks and O~.rervationJ on their 
R ifu/ts, and t;n the Improvements Ibo! may he de. 
r/':Jed Irom thcm.- An A ccount of flmc Experi. 
ments made 01/ a vcry large Scale in a Brew-houft 
B9;/cr. -An Account of a Brew-hozifc Boiler con. 
firullrd and jilted up on ,an improved PJan.­
Refulll if frocral E-.:pcriments which were matU 
with fbis nr-w Boiler.-Of the Ad-oonloge in re­
gard to tbe Economy if Fud in boiling Liquidr, 
u,L-id, arifer from performing Ibol prqtif'r on a 
large Scolc.-Theft Adv:mfageJ are limited.­
An Account of an Alterafion which was 7i1ade in 
the new Bre-.v-hoIlJe Boiler, with a view to the 
SAVING OF TIME in coiftng its Contents to boil. 
_E.y;pcrimcnts jhrr.J.Jing the Effifl! produced by 
tbef;: Alteratiom.-An Eflimate of the RELATIVE 

Q!.JANTITI ES OF H F.J\T producible/rom COAKS_ 

PlT.COAL-CHARCO .... L, and OAK.",-A Me­

thod of ejlimating the REami!y of Pit-coal which 
would be ncccJ!ary to petjurm any 0/ the Procej[es 
mentioned in this EJ!ay, in whld, Wood was 'uftd 
as Fuel.-An FJ!inUlte of the TOTAL Q.yANTJ~ 

TIES if Ht'ot producibh' in the Comhrffiion of dg. 
f ermt Kinds oj Fuel i a:ld of the real $!.Enntities oj 

H,aj 
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Hm 'fIJmch are lojl, under 'lJario'JJ Circumflancli, 
in culinary Pr()(dfiJ. 

W HA. T has been [aid in the foregoing Chapter 
will, 1 truft, be fufficient t(' give my reader. 

a clear and diftinCt idea of the fUDjed under con~ 
fide:.:ation, in all its various details and connee­
tions,-and enable him to comprehend, without 
the fmaUeft difficulty, every thing I have to add 
on this [ubjeCt; and particularly to difcovcr the 
different objetls I had in view in. the Experiments 
of which 1 am now ahout to give an account, and 
to judge with facility and certainty of the condu. 
fions 1 have drawn from their reCults. 

Thefe Expe~iments, though they occupy Cc. m~ny 
pages in this Elfay, are but a fmall part of thofc I 
have made, and caured to be made under m'l cU­
rcaion, on the fubjecr of .Heat, during the laft 
feven years. Were [ to publifu them all, with all 
their details as they are recorded in the regiller that 
has been kept of them, they would fill feveral 
voJumes. 

It was man fortunate for me that this regifier is 
very .voluminous; for had it not been fo, I fhould 
iu all probability have taken it with me to England 
Jan year, and in that cafe I fuould have loft it, 
'With the yeft of my papers, in the truuk of which 
I was robbed in paning through St. Paul's Church­
yard, on my arrival in London after an abfence of 
cleven years .. 

• J huma .. )' rutollS kll.i.k Ibat theG: p~pen Ire lIiII in being 1_ 
.1134; an neila/Ung obligJlion Ihould I be ulldcr lu the ptefoll wh. 
_lIld caWc Ibem tD be rtlllnlciJ tD me! 

As 
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As I furefaw, when I full begm my il!<tw1t" 

orefpe8:ing Heat, thlt I fhould have OCarlOn til 

make many Experiments on boiling- Liquids, to 
facilirate the regiftering of them I fanned a Table, 
(which I had printed,) in which, under Various 
heads, every circumflance relative to ' any common 
Experiment of the kind in quefi:ion could be en­
tered with much regularity, and with little trouble. 

As this Table may be urdul to others who may 
• he engaged in fimilar purfuits, and as the publilh­
ing of it will (l!fo tend to give my reader a more 
perfea idea of the manner in which my Experi .. 
ments were conduaed, I /hall-Cas an example) give 
an account of.:one Experiment, in the lame form in 
which it was regifiered in one of thefe printed 
Tables. 

Thefe Tables, as they are printed for ufe, (on de .. 
tached lheers,) occupy onc fide of half a 1heet of 
common folip writins·paper. 
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Every thing in this Table, ~cept rUth figu ... 

and. words as -are printed between crotchets, is con. 
tained in the printed fonns: Hence it is evident 
how much there Tables tend to diminilh the trouble 
of regillering the refults of Experimenta of .thU 
kind, and ilio to prevent- mifla,k.cs. 

The example I have here given is an account of 
an Experiment, in which a very large 4,uantity oF 
water, equal to 15,590 Ibs. Avoirdupoi& in weight; 
or 1866 wine gallons of 23l cubic inches each,-waa 
ufed; but it is evident that there tables anfwer 
equally well for the Cmall quantity contained by the 
fmalleft faucepan. 

The height of the barometer is exprefl'ed in Paris 
inches; that of the thermometer in d~ of 
Fahrenheit's [cale.-The other meafures, as well 
of length as of capacity, are me common me:Uurca 
of the country (Bavaria); and ·the , ""eight is ex. 
preffed in Bavarian pounds, of which J OO make 
J23.84 Ibs. Avoirdupois. 

What is entered under the head of GENERAL 

R ESULTS OF THE EXPERIMENT, requires np ex. 
planation; but what I have called the PP.~lSE 
R ESUL'T muil be expla,ined. t . 

Having frequent occafion to compare the refults 
of Experiments made at different times and in dif. 
ferent .feafons of the year, as the temperature of the 
water in the Boiler when the fire 'is lighted under it 
is fe1dom the faille in any two Experiments, and as 
the boiling heat varies with the variations of the 
preffure of the 'atmofphere, or of the height of the 

VOL. ll. F. I mercury 
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mer.cart in' the barometer; it became ne<:effaiy t8' 
'm<ike"proper allowances for thefe differences. This 
ltllollght could bell .be done by determining, by 
computation, from the number of degrees the 
water was ailua//y healed, and the quantity of Fuel 
confumed in heating it that number of- degrees, 
how much-Fuel would have been required. to have 
it heated- 1·80 degrees, or from the'point of freezing 
to that of boiling water (the boiling point being 
taken equal to the temperature indicated by 211.~ 
of Fahrenheit's then;nometer, which is the boiling 
point under the mean preerurc of the atmofphere 
aF the furface of the fea) : Then, by dividing the 
weight of the water ufed in the Experiment, (ex­
pr'effed iri pounds,) by the weight of the Fuel ex­
prelfed in pounds necelfary to heat it 18c degrees, 
or from the temperature of freezing to that of 
boiling water; this gives the number of pounds ~')f 
ice-cold water which (according to the refult of the 
given Experiment) might (Jave been made to boil,­
with the heat generated in the combufiion of 1 lb. 
of the Fuel, under the mean prelfure of the at­
mofphere at [he level of the furface of the fea. 

1'he city of lVlunich , where all rhe Experiments 
were made of which I am about to give an a~count, 
being fltuated almon in the centce of Germany, 
.Iies very high abo\'c the level of the Jea. The 
mean height of the mercU1 y in the barometer is 
only about 28 l<~nglifh inches, confequently water 
boils at Munich ;It a lower temperature than at 
London. 'The dillerence is even too confiderable 

to 
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to be negleCled, it amounts to' 2i degrees of Fah­
renheil's (cale, - being 209 ~ degrees at a medium 
at Munich, and 2 1 2 degrees in all places fituated 
near the- level of the fea. To render the refidu of 
my experiments and computations more fimpfe and 
more generally ufeful, I lhall alway~ make due 
allowance for tais difference. 

Having, from the aClual rcfulr of each Experi.­
ment, made a computation on the principles here 
defcribed, fhowing what (for the want of a better 
exprefIion) I have callcu the .Precift Rejult of the . 
Experiment, it is evident that thefe computations 
thow vcry accurately the comparative merit of the 
mechanical arrangements, and the management of . 
{he Fire in conducting the Experiments, in as far' 
as relates to the Economy of Fuel; for the more 
ice.colu water that can be made [0 boil with the ' 
heat generated in the combuflion of any given 
quantity ( I lb. for inf1ance) of Fud. the more 
perfeEt: of courfe (other things being equal) rouft 
be the conflru8:ion of the fITc.place. 

Under the head of PR ECISE R ESUl.T I have 
fomctimes added another computation, fhowing 
how much" boiling-hot water" might, according to 
the refult of the gi\'cn Experiment, be kepi boilhlg 
" one h~ur" with the h~at generated \n th e combuf­
tlon of" I lb. of the Fuel." Though I have called 
thi!: a Precife ReJu.lt, it is evident that in moR cafes 
it cannot be conlidcrtd as being very exact, owing 
to the difficulty of eftimati.ng the quantity of Fuel 
in the fire-place, which is t.:1u,o'!!umcd at the mon/ent 
'When the water begins to boil. 

VOL. 11. In 
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lao the foregoing example ,in making this com .. 
putation I fuppofed that, when the water began to . 
boil, there was wood enough in the fire place un .. 
con/timed to keep tbe water boiling 43 lJlinutes, 
~d [bat the wood added afterwards (100 lb.) kept. 
the water boiling the remainder of the time j[ boil­
ed, or juft 2 hours. 

'In molt cafes, however, to fave trouble in mak­
ing there computations, I have Cuppored that all 
the wood employed" in making the water boil is en .. 
tirdy confumed in that pracefs, and that all the 
heat expended in keeping the wafer boiling is fur. 
nifhed by the Fuel which is added after the water 
had begun to boi!. This fuppofltion is evidently 
erroneous; but as the computation in queftion can 
at beft give but an inaccurate and doubtful refult,. 
l~bour bellowed on it would be thrown away: 
But imperfect as there rough ell:imates are, they 
will however in many cafes be found ufeful. 

In giving an account of tbe following Experi. 
ments, I thall not place them exaaIy in the order in 
which they were made, but fhall arrange them in ' 
fuch a manner as I {hall think befi, in order that 
the information derived from their refulrs may 
appear in a dear point of view. 

For greater converiience in referring to them, 
I lhaU number them all; and as I have already 
given numbers to the four I mentioned..in the Firft. 
Chapter of this Eff'ay, I fhall proceed in retu1ar 
order with the rell:. 



tmd Iht Et""" of Prul. '3' 

Exptrimmt, NO.5. 

The firft kitchen of the Houre of Jnduflry at 
Munich has al ready been defcribed in the Firft 
Chapter of this Effay; and it was there mentioned~ 
that the daily expenee of Fuel in that kitchen, 
when food (peas-foup) was prepared for 1000 per~ 
fons, amounte":d to 300 lb. in weight of dry beech. 
-.vood. .Now as each portion of foup confifled of 
I ib., this gives 0 . 3 of a pound of wood for each 
poun.d of foup. 

Exptriment, No.6. 

The 6rft kitchen of the Houfe of Indufiry 'hav. 
ing been pulled down, it was afterwards rebuilt on 
a jilferent princ;iplc. Inllead of Copper Boilers, 
Iron Boilers of a hemifpherical form were now 
ufed, and each of thefe Boilers had its own feparate 
dafed fire-place. The Boiler being fufpended by 
its rim in the brick~work, and room being left for 
the flame to play aU round it. The [moke went 
off into the chimrlcy by an horizontal .canal, 5 
inches wide and 5 inches high, which was con_ 
cealed in the mars of brick~\Vork·, and which open .. 
ed into the fire-plae.e on the fide oppofite to the 
opening by which the Fuel ,was introduced. 

The Fire was made on a flat iron grate phced 
dire8.ly 1mder the Boiler, ~d dillant from its bot­
toin about twelve inches. The alb-pit door was fur .. 

C 2. nilbed 
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nilhed with a regifler ; but there was no damper 
to the 'canal by \yhich the [make ""ent off into the 
chimney, which was a very great defeCt. The 
opening into the fire-place was clofed by an iron 
aoor. Each of thefe Iron Boilers weighed about . 
148 1bs. Avoirdupois, was 25 1 Englilh inches in 
diameter, and 14'935 inches deep, and contained 
J90 f Ibs. Bavarian weight of W3.t<::r, equal to 
:1:$5.91 lbs. Avoirdupois, or about :zSi Englifh 
wine-gallons. 

From this account of the manner in which thefe 
Iron Boilers were fitted up, it is evident that the 
arrangement was not effelltially different from that 
of kitchens for hofpitAls, as they are commonly 
conllructed. 

From Experiments made with caTe, and often re­
peated, I tound that [0 prepare 89 poniolls (ur 
89 Ibs. Bavarian weight) of peas-foup in one of 
there Boilers, 43 Ibs. of dry beech·wood were re. 
quired as ]<'uel, and that the proce[s Iailed four 
hours and an half! This gives 0.483 of a pOlUld 
of wood for each pound of the foup. 

In the firf1:. arrangement of this. ' kitchen, only 
o. 3 of a pound of wood was r~quired to prepare 
I lb. of foup: Hence it appears that the kitchen 
had not been improved,-confidered with a view 
to Ihe Economy of Fuel,-by the alterations which 
had been made in it. This was what I expeaed; 
for the objeEl: I had in vi('w in conftrutl:ing this, 
kitchen was not to fave Fuel, but to find out 
how much of it is wa(led in culinary proceff'cs, as 

they 
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they are commonly · performed on a -large rcale ' in 
hofpitals and other infiiturions 'of public charity.:­
Till I knew this, it was not in my power to eftimate, 
with: any degree of precilian, the advantages of allY 
improvement!; I might introduce in tho conftruB:ion 
of kitchen fire-places. 

To determine in how far the quantity 'of Fllel 
ncceffary in any given cu linary procefs depends on 
the form of tbe fire-pIau , ( the Boiler and every 
other circum irance remaining the fame,) I made 
the following Experiments. 

Experiment!, No. 7 and No.8. 

Two of the Iron Boilers in the kitchen of rhe 
Ha ufe of Induftry ( which, as they were both caft 
from the [arne model, were as neaT alikt: as pamble) 
being chofcn for this Experiment, one of them 
(No.8.) being taken out of the brick_work, its 
fire-place was altcred and fitted up anew on im_ 
proved principles. The grate was made circular 
and concave, and its diameter was reduced tp 12 

inches ; the fire. place was made cylindrical above 
the grate, and only 12 inches in diameter; and 
the Boiler bcing feated on the top of the wall of 
this cylindrical fire-place, the fl a lh:" palling through 
a fmaU oeening on one fide of the fire.place, at ,the:: 
top of it, made ane complete turn about the Boiler 
before it was permitted (0 go off into the canal by 
which the fmoke paffed off into the chimney. 

03 Though 
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Though th«re wu no 4amper in this canal. 
yet as its entrance or opening, where it joine~ th~ 
canal which went round ,he Boiler, was confider~ 
abJy reductd in fiu, this anfwered (though im. 
perfealy) [he pUfpafe of a damper. This fire. 
place being co.mple.ted, and a {mall Fire having 
been kept up in i~ for feveral days to dry the rna,. 
[oory, the Experiment was made by preparing the: 
fame quantity or"the fame kind of roup in this, and 
in a neighbouring Boiler whofe' fire.place had not 
been altered. 

The food cooked in e3:ch was 89 lh. of Peas-i'oup; 
and the· Experiment was begun and finiOled in bot~ 
Boilers at the fame time. 

The wood employed as Fuel was pine; and it 
had been thoroughly dried in an oven the day bl!­
fore it was ufed. 

The Boilers were both kept confiamly coverer.! 
with their double covers, except only when the 
Soup was Ilirred ,about to prevent its burning to 
the bottoms of the Boilers. 

The refuh of this interefring Experiment was as 
follows: 

Experiment IExperitnrnt 
No. 7- No.8. 

In 'cbe Boiler 

I h " ~" No. 8, 
n ~ • .,.." e< "'; ,Il Ih. Im_ 

o. ,. ~,ov.<I Fire_ 
pl.n .. 

• 
Qs.alItity of wood confumed in cook­

mg 89 lbs. Bavarian wrigh~ of I 
Ptu-foup • - - - - - - - !,lbs. J41bs. 

There 



·There Experiments were· made on the 7th of 
November 1794. On repeating them·the next Clay 
with pine-wood, which had· not been ·pre-vio\l.fly 
dried in an oven, the refult was as folloWii : 

Expeyimcflts, NO.9 olld No. 10. 

~lItity of wood cOllrum~d in cook · 
I1lg 891bs. of Pca.;.-[ollp _ _ _ 

'Eltp~rim~nt 'Ef.pcri~ent 
No. 9. No. 10 . 

No. I. 

JIIIM BO)ilif 
No. i, 

.... ilh til<! im_ 
pr<>~.~ Fir'_ 

pl.c • • 

1---:--
39 1bs• 16 lb.,. 

The {irn remark 1 {hall make on the refults of 
thefe Experimentl; is the proof they afIord, by com­
puing them with that which preceded them 
(No.6.), of the inlport:mt faa, that pine.wood af. 
fords more heat in its combufiion lhan Leech. This 
faa is the more extraordinary, as it i!i direaly con. 
trary to the opinion generally entertained on that 
fubjeCl: ; and it is the more important, 3S the price 
of pine-wood is, in· mofl. places, only about half as 
high as that of bccch~ when the quantiries, cjlimated 
by weight, are equal. 

In the Experiment No.6. it was found, that 
43 lb. of dry beech. wood were neceffary, when u[ed 
as F'uel,. to prepare 89 lbs. of P?us.foup. In the 
Experiment No .• 7. the fame procds wa" per. 
formed with 37 "lb. and in the Experiment NO·9· 

U <l with 
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Wit,h i S9~. of dry pine • . Bur I fhall have occaficin 
19 ~ this {ubjeCt more at length in another place. 
la , the mean time I would, however, jun obfen rc, 
that aU my Experiments hav.c uniformly tended [0 

confirm [he faCt, that dry pine~wood affords more. 
heat in combutl:ion than dry beech. I ba\'e reaCoD 
to think the difference is in faa greater than the 
Experiments before us indicate ; but the apparent 
amount of it will always depend in a great meafure 
on the circumfhmces under which the F uel is coo­
fumed ; or, in other words, on the conflruc1ion of 
(he fire-place; and it is no fmall advantage attend­
ing the fire-places I fhall recommend, that they are 
fa contrived as to increafe, as much as it i:> poffible, 
the fuperiority of the moll common and cheapeft 
fin:·wood over that which is more fcarct! and 
collly. 

By comparing the refu lts of (hefe two fers ~f Ex­
periments (No. 7 and No.8, No. 9 and No. J 0.) 
an d1:imate may be made of the advantage of ufing 
'lJery dry wood for Fuel, inll:ead of making u[e of 
wood that has been lefs thoroughly dried; but as ] 
mean to take an opportunity of invcfligating that 
matter alfo more carefully hereafter, I fllall not at 
prefent enlarge on it. farther than jull to obferve, 
that as tbe wood, which was dried in an oven, was 
weighed for ufe after it had been dried, and 3$ it 
certainly weighed more before it was pllt into the 
oven, the real Caving arifing from ufing it in this 
dried {tate is not fa great as the difference in the 
weights of the quantities of \~ood ufed in the two 

Expe-
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Experimenls. To efiimati: ' , ili~ faving with pred.. 
lion, the wood lhollld be weighed before it is dried, 
or in the fame Il:ate in wruch: tbe other parcel of 
wood, which is ufed without be,ing dried, i. 
1\'cighcd. 

But to proceed to the principal objetl: I had ill 
view in thefe Experiments ;-the determination-oi 
the effects of the difference in the conftruCtion of 
the two fire.places ;-thc difference in the quantity 
of Fuel expended in the two-fire.places in per. 
fO!'T.1ing the fame pracefs, Ihows, in a manner 
whit h does not Hand in need of any illuftration, 
Ilow !UlH.:h had bt:en gained by the improvements 
which had br.::n introduced. 

Conceiving it to be ;!O objeEt: of great import. 
ance to .. fcertain by attual experiment, and with as 
much pn.:cifion as polIibh:, the real alllount of the 
advantages, in regard to the Economy of Fuel, that 
may be dcri\ cJ from improvements in the forms of 
fire-places , I did not contellt my fe1f wirh improv~ 
ing from time 10 time the kit chens I had con­
IhuCkJ, but I took pains to determine how much 
I had gained by each alteration that was made. 
This was neceffilry. not only to furniili myfelf 
with mote forcible arguments to induce others to 
adopt my improveme:lts, but :lIfo to fatisfy myfelf 
with regard to the progrcfs I made ,in my in­
vefiigaliolls. 

In the firfl arrangement of the kitchen of the 
Military l\.cademYt the Boilers were fufpended by 
their rims in the brick-work in fuch a manner that 

the 
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~'I!aule could par. fredy.all round them, and th. 
fIDoke went off in horizontal canals which led to 
the chimney, but which were not furnilhed with 
dampers. 

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

Having, in confequence of thl:! progrefs I bad 
made in my inquiri es refpeEting the M~nagement of­
Heat and the Economy of Fuel, come to a refalu. 
tion to pull down this kitchen, and rebuild it on m 
improved principle; previous to its being demo. 
lUhed, I made feveral very accurate Expcriments to 
determine the re.} expence of Fuel in the fire­
places as they then exiftlli, with all their fault s ; and 
wh<!n the new arrangement of th~ kitchen was 
comp.)eted, I repeated thefe Experimenlil. 'lJ,Jith the 
fome hoilen; ~nd by comparing the refults of thefe 
two fets of Experiments, I was abJe to efiimate 
with great precifion the real amount ·of the raving 
of time as well as of Fuel,-which were derived 
from the improvements ~ had introdu~ed. 
. .After all that has been raid (and perhaps already 
tOO often repeated in different par~ of this Etfay) 

on 
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on the conftruilion of fire-places, my reader win 
be able to form a ,clear and juft idea of the connruc .. 
tion of there of whic.h I am now (peaking, (thofe of 
~he kitchen of the Military Academy, in its prifent 
improved (tate,) . when he .is told that the Fire 
burns ~n a circular concave: '1ron grate, about ha1f 
the diameter of the circular Boiler which belongs to 
the fire-place. that the fir~-place, properly fa call. 
pJ, is a cylindrical cavity in the folid brick.work 
which fupports the Boiler, equal in diameter to the 
circular grate, and from fix to ten inches high, 
mqre or lefs according to the {ize of the Boiler; 
that tbe Boiler is Jet d(r.t.JIl on the top of the I;ir .. 
cular wall which forms this fire-place, a fmall open. 
iog, from three ' iO four or five in'ches in length 
taken hori zontally, and :thout t\\'o or three inches 
high, being left on OIle fide of this. wall at the top 
of it, that the flame which burns up under the 
middle of the bottom of the Boiler may afterwards 
pars round ( in a fpiral canal confl.ruCted for that 
purpore) under that part of the bottom of the 
aoikr which lies witbout the top of the wall of the 
fire-place on which the Boiler repofes. The flame 
having made one complete turn under the Boiler in 
this -Cpiml canal, it Tifes upwards, and going once 
round the fideJ of the boiler, goes off by an hori .. 
zontal canal, furnifhcd with a damper ~ into the 
chimney. 

In ordet that the top of the circu!n wall of the 
fire-plaJ:e on which the" Boiler is feated, may not 

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

The operung by which the Fuel is introducco 
into the fire.place, is 'a conical hole in a piece of 
fire-fione, which hole is e1afed by a fit !topper made 
of the fame kind of fione. T he afu-pit door and 
its regi/l:er are finifhed 'with fo much nicety, (hal, 
when they are quile elafed the Fire almon: inflan­
raneouUy goes out. 

The dimenfions d the Bl)iler, in which the Ex­
periments of which I am abc,ut to give an account 
were made, are as follows : 

D iame:ur { abo\oc - Q'935 } . 
bdulV - ' 3.39 Tnchn, E ngldb mu(un~. 

DC'p'lh - - - - 14-52 

It weighs J7 1bs. Avoirdupois ; and it contains, 
when quite full, about 731bs. Avoirdupois, equal 
to 81 gallons (wine-meafure) of water. 

In two Experiments wi!h this Boiler, which were 
both made by myfelf, and in which anention was 
paid (0 every circumftance that could tend to ren •. 
de~ them perfeCt, the refuhs were as follows: 
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~antity of Water in the Doiler, 
In Bavarian poundl - _ • -

T ... mpcraturc: of the water in the 
Boiler at thc bt:ginning of the 
Experiment 

T i;nc cmploy ... d in making the 
",atCTb~i1 . 

W ood conferned in making the 
watn boil, in BWIJarian /!'Jundl -

'f'jme the water continued boil. 
ing 

W ood i!dded to kup the water 
boiling 

K ind of wood nfed 

Prteift Rifultl. 

l ce-cold watt'T h..:ated I flo degrees, 
or m::c.:: t" boil, with I lb. of 

Experiment 
No, 11 . 

The firft 
F ire.place. 

-i-3·63 1bs• 

59' 

6, min. 

9 Ibs. 

1 hn. 1 min. 

5 Ibs. 
Pine 

""nod • • • . - - _ . 4.01 lbs. 
Boiling.hot water kelt boiling I 

I hoUT, with 1 lb.o wood _ 17.74100. 

E~periment 
No. J2. 

he improved 
Firc-pb.~. 

+3.63 1ba. . 

60' 

30 min. 

3 Ib .. 

3 hourt 

'2. llbs. 
Pine 

11·93 Ibt. 

52.'361011. 

The 
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The follo'wing l.x~riment5 were ll'fade with two 

Copper .Boiil::r8, (NO.1 and ~o. :2.) nearly of the 
fame dimen(ions, in: the kitchen of the Military 
Academy at Munich, in the prefent improved fiat"! ' 
of tfiat ki tchen. There Boilers are round and deep, 
and weigh each about 62 lbs. Avoirdupois. They· 
belonged otiginally to the kitchen of the Houfe of 
Indufiry, being two of the eight Boilers which , in 
the firfl arrangement of that kitchen, were heated, 
by the. fame Fire. 

Their exaCt dimenfions, meafured in Englilh 
inches, are as follows: 

. ~ ~bove 
D iameter t below 

Depth - -

The Boiler I The Boi;tr 
No. J. NO.2. 

I nchc .. 
22 .66 
19.8 2 

:1+72 

{"d,o , 
21.66 
20.115 
21.0 4 

At the beginning of each of the following E.-i 
perimentst each of thefe Boilers contained jun 95 
mecl'ures (or B O'IJorian mtlPjfe) of water, weighing 
187 1bs. Bavanan weight, (equal to 2,p'S8Ib$. 
Avoirdupois,) or a tri8e h:fs than 28 gallons. 

T he grate on which the Fire was made under 
each of there Boilers is circular and concave, and 
II inches in diameter; and their fi re-plac.:~ are in 
all ref peEts fimilar to that jufl defcribed (Experi­
ment No. 11.). Both Boilers are fum.ilbed with 
double COyetS. 

The 



The Experiments made with the Boiler NO. 1. 
and their refults, were as fallows: 

P.Jp""mCGt ' E~ 1""TjlTll'ftt l E ~ ptrj..w.rll EJpet;mm 
No. 11. ~". 14. N". '5' No. " . 

Q uantitf\of -mttT ill 
the Boiler in the 
begirmingof the Ex· II ... 
~riment 181 

Temperature of the 
.... ater in the BoiltT 
at the beginning of 
Ihe . .E"perimcnt • 

Time employed in 
making the water 
boil·· · ·· 

\Vood confulned in 
making :he w-aur 
bGil····· 

Time the water con· 
unucd to boil • • 

O wt.ntityofFucladd.\ 
(a to keep it boil· 
in~ this lilT''' • • 

Kihd of ..... ood ufcd as 

6 ,0 

mOil. 

" ,,,. 
" m i". 

" 

Fucl Deech 

Pmi{e RI/ulil rif tIM 
e"pm",mll. 

l ce-cold water healed 
180". or made to 
boil. with the hut 
generated in the 
(ombuftion of J lh. 
of the Fuel 

Soiling water kept 
OO;lin& one hour, 
with the heat gene. 
"'ted in the. combuf. 
tion of I lh: of the 
wood 

50" 

mill. 
6, 

Ibl. 

" ", i ... 

" 

lb •. 

'" 
6,0 

mill . 
6, 

Ob_ 

9 
mi~. 

6 

Pine 

lbl. 

16·89 

srt· 
rni~. 

h. , 

6. 

Ob_ 
8 
min; '. , ... 

4 

Pine 

n.. 
2' 

'''' 108·40 

AU 



AU - tbe" forego.jng -ExPeriments were made on 
the fame day, (the J3th of Oaober 1794,) and in 
the fame order in which they are numbered • . 

The following are the refults of the Exper~IPCilti: 
made with the Boiler No.2. 

EYpt,;m' l hPe,;m' l EZl"',irn· 1 h • .,.;m.[ F.:rIPft'im . 
. No. 11. N". ,s. No. I ~· I No. ~o. No. iU. 

1I!2:!!.1IIlitJ of _t~r in the --- I ---
Bail.,. at Ihe btlinnin~ 
of lho Lzj>t.i ..... nt. in 
8#-uG,j"n toM,,,J, 

'l'emp","u"e oJ lhe ... ~. 
ttl" in the Boil .. at Ih . 
bt,ill,unll "r the Ex_ 
ptrimml 

lb,. 

'" 
", 

'Time "mrl~'ed in mak. m·n. 
inX the ..... t<1' ""i l 

""llood <oa(umed in ""k· 
ing rhe ... ate r boil 

75 
lb •• 

" Trill>< ' he ... 1<0' <:ondnu. min. 
ed"t" boil 

Wood .dJd 10 keep the 
.... aW boiling 

K.ind of ... """ ...cc~ 

Pn<iJ. R,f.J,,· 
lce. cold .... t.r heotrd 

" ". , 
!k<,h 

lb •. 

", 

,s. 
m,n. 

" lb , . 

" min. 

" 

lSoo, or maJc ,to boil , lb . . II» • .. i." .lb.of ... 00<1 '3'P ]4'3] 
Boili",.bol ... ,1.. kepI 
boi!'IIi one hour with 
J lb. of w<>od 

II". ", 

min. 
57 

IL, . 

.' m,n. 

• 
Pine 

Ib,. 

'7·59 

lb •. 

", 

«" 
';,i'n. 
•• 
lb •. 
S 

h. min. 

, " 
lb •• 
,I 

J'ine 

II)!. 
:1.0 -1 0 

lb •. 
13:1.·68 

Ib!. 

'" 

In. min.-

I 
, ,. 
lb, 

" a.,ell. 

lb •• 

'4H 4 

This fet of Experiments was made at the fame 
time with the foregoing fet, namely, on the 13th 
O aober 1794, and they were made in the order in 
which they are here regiHered. In the lall but. 
one, (Nt). 20.) the Economy 9£ Fuel in,the procefs 
of heating water was carried farther than in any 
other Experiment I have ever made. 

In 
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In the following ,Expenments, which :were made 

in a large Copper &iler fitted up on my monim~ 
proved principles, belonging to the kitchen of the 
Haufe of Indufl:ry, the Economy of Fuel w~ car-
~nearly ,as far; . 

Thk Boiler; which is circular, is 42 ~ Englifh 
inches in diameter above; 4z. I 7 mches in dia­
meter below; and 18'54 inches deep. It weighs 
78 !" Ibs. Avoirdupois j and contains, when quite 
full , 7141bs. Bavarian weight (= 884Ibs: Avoir. 
dupois, or 106 gallons) of waler, at the tempera_ 
tute q£ 55°, 

It is furrounded above by a woode~ nng about 
two inches in thicknefs, into which it is fitted; and 
in this ring, in a groove about t of an inch deep, 
is fitted a circuhr wooden flat cover; this eover ' 
is formed in three pieces, united by irori hinges; 
and one of thefe pieces being falh:ned down by 
hooks to the Boiler, the other two are fa contrived 
as to be fo lded Lack upon it occafionally. From 
the upper furface of the part of the cover which is 
faflened down on the Boiler, a tin tube two inches. 
in diameter, furnifhed with a damper, is fixed, by 
which the fieam is carried off into a narrow wooden 
tube, which conduEt:s it through an opening in the 
roof of the houfe into the open air. 

To prevent ftiU more effectually the efcape of 
the Heat through the wooden cover of the Boiler, 
the upper furface of it is protected from the cold 
atmofpherc·by a thick circular hlanket covered on 
"both fides by llrong canvas, which is occa6ona1Jy 
throv.1l over it. 

VjiL. ll. H Though 
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Though the diameter of this Boiler below i! 
more than 40 inches, the dia.meter of irs fire-place 
(which is jua under its centre) is only I I inches ; 
but as the flam e makes two complete . turns under 
the bottom of the Boiler in a fpiraJ canal, an4,.(l.':".c: 
tum round it, the time required to l~eat . it i;. not fo 
great as, from the fmallners of its fire-place, might 
have been expeded. 

It has ever been, and niH continues to be, the ' 
decided favouri te of the cook-maids . 

The wood uled as Fuel in lhe following Experi­
!:pellt was pine moderately dried. The billets were fix 
.inches long, and from Qlle to two inch~:s in diameter. 

The followillg T ablt! fhaws the tefults of five 
E xperiment s that were made with this BoiJer by 
·myfelf. jul1 after It was fmed up: 

~an'iry of ,..t .. in tl:e 

~o. n.:... ~~1~4.:.. N°·~~ l ..:"~ 
:: .p~rim·1 hptr;m'j 'fl p""m. \hPC" m. I E:rpc,jm_ 

Boiler, in e,,, .. i,n lb. . lh . . II». Ib.. IL~ . 

1'ound. - - - 5"S 117 ~ H p~ SaS 
'J em!"",.,.,. of the W.) ~ 

te< ~t the ~-~;nnin; of 
tho )O'p", in,eDl 
Tim~ r<'1u;,cd Iu III ,k, 

Inc ""'Ie' b<l1.l _ _ 
Fuel ~mp!Qy.d tQ make 

th: ",,1m boil __ 
'I irt:. th, Wl tc' conl'_ 

nurcl I.ooilinj): _ _ 

r ud .cl Ued I" keep ,h. .. ·.,er buili"g _ _ 

P •• e l H Rt; uI. '· ; if 
,;,.£",pi,n ... " , 

·"' .\h ,It. t...., ,ef\t,.t.d 
j" til. ("mbuflj"" ,,( 
,I i>. cflh. Fud, 

," 
h. min. , , 

Ibl . 

l 4t 
h. 
J 

II",. 
6" 
" 

ler .cold ",,,<, h.".d lbo 
I So", or m.d. to ""jl 11. ~7 

O. boiling.h.,t "." " 
lapt ~'Jili"g <me hou, I., ,&.61. 

4~~ 
m,n. 

S' 
Ii" . 
8~ 

," 
h, min. , , ; 

lb •• 

" i 

lbs . 
u 6<) 

is'.) ." h. min. h. n,'", , H J ' 
Ih •. rb". 
'I '" ". 
1 

lb •. 
.; 

Ih., IL •. 
'7 .43 l~ .OI 

:318•66 

Vl,:hout 
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Wit-hout ftapping to make any obfervations on 
the refulrs of th~re· Experiments, (though they 
afford matter for feveral of an inrerefling nature,) 
I !hall proceed to give a brief account of anoth!!T 
~<J.( Experiments, on a much larger [cale, which 
were "lnade in the Copper Boiler of a" Brewery be­
longing to the EleCtor. 

This Boiler, which is reB:angular, is ten feet 
long~ eight feet wide, and four feet deep, Bavarian 
metifurc ., and contains ~ 176 Bavarian maajje, or 
meafures, equal to 1866 gallons wine meafure. 
On examining this Boiler, I found its flr~-place was 
conftrufted on very bad principles; and on iA.­
cjuiring re[peaing the quantity of fire-wood con_ 
fumed in it, I found the wafl:e of Fuel to be very 
g reat. 

This Brewery is ured [or making [mall white 
beer, (as from it s pale colour it is cailed,) from 
malt maJe of wheat; and as it is worked all the 
year round, the expenee of Fuel was very great, 
and the economy of it an objea of (onfiderable 
importance. 

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

, In the .new fire-place whkh I caufed to be con­
flruEted for this Boiler, the cayity_ un,der the Boiler 

• ]::10 Bavari~n in:hef Ut_ equal to SIS: inchel Englilh murure. 

H , is 



100 Of tIM Managtmmt rf Fire, 

is diyjded into three flues, by thin brick walls which 
JUn in the dire8:ion of the length of the Boiler. 
The middle flue, which is twice as wide as one of 
the fide flues, is occupied by the burning Fuel, and 
is furnifhed with a grate 20 inches . wide, and-sff 
inches long; and the opening by which the .;:?uel is 
introduced into the fire-place is elored by two iron 
doors, plated one behind the other, at the dHtance 
of eight inches. The grate, which is placed at the 
hither end of the fire-place, is horiwntal, and it is . 
fituated about twenty inches below the bottom of 
rhe Boiler. The air which [erves to feed the Fire, 
is let in under the grate through a regifl:er in, the 
afh-pit door. 

When the double doors which c10fe the en~ 
trance into the fire-place are ihut, the flame of the 
burning Fuel firft rifes perpendicularly againft the 
bottom of the Boiler ; it then pa(fes along te, the 
farther end of the (middle) flue, which conftit'.ltes 
the fire-place, where it feparates, and r~turn8 in 
the two fide flues; it then rifes up into two hori­
zontal flues (one fituated over the other) which go 
...II round the Boiler; and having made the circuit 
of the Boiler, it goes off into feparate canals (fur­
nifhed with dampers) into the chimney. 

Though the Figures 17 and 18, Plate III. are not 
drawings from the fire-place I am now defcribing, 
but of another which I thall foon have occafion to 
defcribe, yet an infpeCl:ion of there figures will be 
found urcful in forming an idea of the principles 
on which the fire-place in quefiion was conIlruCted, 

and. 
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and on that account I (hall occafiQn;llly refer to 
them. ' 

The burning Fuei being confined within a nar • 
.J;.OW compafs,-being w~ll fupplied with frefh air,_ 
arta ~eing furrounded on all fides by thin walls of 
brick,1which are non-conduaors,) the heat of the 
fire is moil intenfe, and the combufl.ion of the 
Fuel of courfe very complete. · The flame, whitb 
is clear and vivid in the higheil degree, and per .. 
feCtly unmixed ,dth finoke, tuns rapidly along 
the bottom of the Boiler, (which forms the top of 
the flues,) and from the refiflance it meets with in­
iL'l paffage, from fti8:ion, and from the number of 
turns it is obliged to make, it is thrown into innu­
merable eddies and whirlpools, and really affords a 
moll entertaining Ip~aade. 

That I might be able to enjoy at my eara: this 
amufing fight, I caufed a glafs window to be made 
in the from wall of the fire-place, through which 
I could look into the Fire when the fire-place dOQ·r!~ 
were {hut; and I was well paid for the trollLlc :lnd 
the trifling expence I had in getting it e"ecuted. 

Some may be tempted to fmile at what they may 
think a childifh invention; uut there are many 
others9 I am confident, and among thefe many 
-grave philofophets, who would have been very 
glad to have fhared my amufement. 

The window of which I am fpeaking is circular:, 
and only fl.'( inches in diamettl"; but as the hole in 
me wall is conical, and much larger w.ithin than 
"i.thout, the field of this window (if I may ufe the 

.H 3 ' expreffion) 
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expreffibn) is fufficiently large tc afford a good view 
of what paffes in the fire-place. 

This conical hole is reprcfenred in the Figures 
18 and 21 , by dotted lines. I t is fituated on the 
left hand of the entrance into the fire-place. Mo 
the opening of the hole in the wall, on the ~utfide 
of it, is 'fixed a fuort tube of copper, (about fix 
inc~es in diameter, and fCtur inches long,) anJ in 
this tube another thort movwble tube is filted, one 
end of which is dofed by the circular plate of gJafs 
which confiitutes the window. A s the wall of the 
fire-place in front is thick, this pane of glafs is at a 
confiderable diftance from the burning Fud, and as 
there i~ no draught through the hole in the wa1l, the 
glafs does not grow very hot. 

I have been ,he more particular in my dcfcripdon 
of this little jnvention, as I think it may be uleful : 
There are many cafes in which it would be very 
advantageous to know exaEl:ly what is going on in 
a e10red fire-place; and this never can be known 
by opening the door ; for the inflant the door is 
opened, the cold air rufhing with impetuofity into 
the fire-place, deranges entirely the whole economy 
of the Fire: Befides thili , it is f:,equeutly very dil:' 
advantageons to the procefs which is going on. to 
open the door of it fire -place ; and it is always at­
tended with a certain lofs of heat, and confcql1cmly 
lhould as much as poffible be avoided. 

I intimated that the window I have beeu ciefcrib­
ing afforded me amufement ;-it did fiiH more,-it 
afforded me much ufeful information ;-it gave Ole 

an 
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an opportunity of obfir'f)illg the various internal mo· 
tions into which flame may, by proper manage­
ment of the machinery of a flre.place, . be thrown j . 
and of efiimating, with fame degree of preciflOn, 
tddr different effefts. Tn ilion, it lliade me bemeT 
acqu;iated with the fubjefr which had fo Jong 
engaged my attention- (Fire) ;-and with regard 
to that fubjeCl:, nothing fure1y that is new can b~ 
uninterdl'ing. But to return to the Brewery: _To 
the top of the Boiler was fitted a curb of oak lim~ 
ber : The four firaig ht be2.U1,~ of which this curb was 
confiru8:cd arc each aheur 7 inches thick, and IS 
:inchc~ wide ; and the upper part of the Boiler is 
fa!l:encd by large copper nails to the infide of the 
[quare frame formed by theft: four beams. From 
the top of thi" curb i", rai li:J a wooden building, 
like th~ r\)of of a houft: witll a double Ham or bevel, 
which [er ves a~ a cover to tbe Boiler. This build. 
iug, the fides of which are about three feet high 
inward,; , and the top of which is covered in by a 
very flat roof, flaming on every fiJ.:: from the 
centre,-ii; confhuEl:c"d of a light fraUle-w·ork of 
timber, (four-i,nch deal joiits, ) which is covered 
wi thin as well as without with thin deal boards. 
which are rabbe.t t..:d into each other at their edges, 
to rcnder the COVei' which this little t!difice forms 
for the Boiler as right as pol1ible. 

From the top of this covcr ~ :m op~n wooden 
tube, (m .. Fig. 17') about iZ inches in diameter, 
rifes up perpendicularly, <lnd g'1ing through the 
roof of the arewhou[,.', cnd" in th~ open air. Thi~ 

II 4 tube, 
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tube,. ,mich is furnUhed with a wooden damper, is 
iriteD.ded to carry off the !leam. 
: On the fide of this cov~r next the ma1hing.tub. 
as aifo on that oppofite to it, by which the wort 
fUns off i!1t~ the coolers, there are large foJdir1g 
wooden doors, (i an~ "R, Fig. 17.) which" a~ occa­
fionally lifted up by means of rope~ which pafs over 
pullies' faftened 'to the ceiling of the Brewhoufe. . 

, There" are ' likewjfe two glaf~ windows (fee 
Fig. J7') ill two oppofite fiqes of the cover, 
through which, as fooh as in ~onfequence of the 
bpillng of the liq"uid the fteam becomes tran(parent 
and"inv!fible, (which happens in a very few ~inutes 
after the liquid has begun to boil, ) the contents of 
the Boiler may be difiinCl:ly feen and examined . 
. . Whenever th~re is occ~fion during the boiling to 

open ~$er ' a door or a window of the cover, it is 
necelfacy to begin by opening the damper of the: 
~eam-c"himney, otherwife the hot fieam, rufhing 
out with violence, would expofe the by-ftanders 
to the danger of being fcalded "; but when tb! 
damper of tJ:te fieam-chimney is open, no fieam 
comes into the Brewhoufe, though a door or win_ 
dow of the cover be wide open. 

Another fimilar precaution IS fometimes necer­
fary in opening the door of the fire-place, which" it 
m<l:Y be ufeful to mention.-When toe dampers in 
the canals by which the {moke eoes off into fhi! 
chimney are nearly claCed, (which mua. frequently 
be d~ne to confine and economife the heat,) if~ 
"Without alteripg the damper," or the regifier in tb« 

alb. 
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?-fh-pit door, the fire-place door be fuddenly open .. 
ed, it will frequently happen. that [motte, and fom~ 
times flame, 'Nill rufh out of the fir.e-place by thil; 
pafTage. This accident may be eafily and efi'eCl. 
ually prevented, either by opening the damper, or 
by c10fing the regifler of the ~Jh-pit door, the mo.­
ment before the fire-place door is opened.-T~ 
prec!lUtion {bould be attended to mall fire-places 
of aU dimenfions, conftruCled on the principles I 

. have recommended. . 
To econc..mife the time and the patience of my 

reader as far as it is pallible, without fupprcffmg 
any thing effential relating to the fubjcCl under 
confidcration, I fhall give him, in a very [mall 
cO!llpafs, the general re[lIlt~ of a fet of Experi­
ments which con. OLe morc labour (or at leafi more 
time) than it would coft him to read al~ the Ellays, 
I have ever written. J believe I am fometimes toC) 
prolix for thr. tafte of the age,- but it fhould be 
remembere~ that the fubjcas I have undertaken t() 

invefl:igate are by no means indifferent to me;­
that .I conceive them to b~ intimately conneaed 
with the comforts and enjoyments of mankind j_ 

af!u tha~ a habit of revolving them in my min~ 
and refleCting on their extenfive ufefulnefs, has 
awakened my enthu[lafm, and rendered it quite im­
poffible for me to treat them with cold indifference, 
however indifferent or tirefome they may appear to 
thore who have not been accuftomed to view them 
in the fam~ light. 

J have 
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1 have already given an account, in all its ·va. 
riooi·-details, 10£ one Experiment which was made 
C{)Il the 15th of April 1795 ) with the Boiler we 
have jull: been defcribing ( fee page 7f{) . I .JhaJl now 
recapitulate the general refults of that Experiment, 
and compare them 'with the mea:1 refults of two 
other like Experiments made wi th the fame Boiler. 

Quan tity or wn.\er in the Doil~ r _ 
'frtnperature of til t: water iu tilt 

Boikr at the bo:g: iul1 ing "f the 
Expcritm:llt - • • • • -

Tj:t:\'ir~d t~ m~ke. th~' "'.at';:l 
Fuel tmployt:d to make the ,,-Mer 

bo' 
Time the water cllut inllcd boil-

Ex periment I ExpcrimcHt 
No. 27. No. l X. 

- - --1-­
IZ ,SoBn.,." ! 1:,5v~ 1r,s. 

3 h. 4-0 mill . 3 h. 4 '3 alin. 

Reo Ib~. SlSlbs. 

IDg - - l h. 43 mill, 
l"ud aJ\bJ to keel' thr wain 

boiling • _ • 
Kind of F Ild ufed -

FktCISl R r:sULTS of the 
Exp~rim~nt ~. 

~antjt y of ;u-Go!d wlI/c'r whieh 
migllt Ill; ll rated I ~o " , or made 
tn boil, with the hl'at 'g:e IlC_ 
ratt'd in the combulli!)!! of' J lh. 

100 1h8. 

P ille-wood Pine-wood 

ojllxFiul _ _ _ 12.0(i lhs. 11.;OI!" . 
Tun; in "'hidl, <lceoniing to th.: 

refuit of the E :-; ptrimcnt, iu · 
u/d 'U.ltJlrr migll! (at MUlli("h) 
br mtl.!' til boil with the ~i~t'll 
proporlW!I of Fud 4 11 . l C. mill. -4 h. 20 mill. 

Quantity uf hoi/illg-/.'ol Wille .. 
i tfl boi!ill,~ ro ll' /,,,,, .. wilh Ih~ 

Ileal gt'l1<:r~ICd in the com· 
buftioil of J lb. of I h~ r ",d 339·1'01bs. 

On 
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On comparing th!! refults of there -Experiments 

with thoft! made in the Boilers of tht kitchens of 
the Houfe of Indufiry cnd Military Academy, I 
was led to imagine that either th~ Boiler, or the 
fire-place of the Brewery. or both, were capable 
of great improvement; for in forne of the Experi­
ments with (here [mall kitchen Boilers, the Eoo.: 
nomy of Fuel had been carried fa far, that with 
the heat generated in tbe combuilion of JIb. oE 
pine-wood, it appeared that 20 1bs. of ice-cold 
water might have been made to boil; but ber~ 
though the machinery was on a [cale fa much larger, 
(and T had concluded, too rafhly indeed, as will be 
Chown hereafter. that the larger the Boiler the 
greater is of courfe the Economy of Fuel,)-th~ 
r cfuhs of, hefe Ex perilllelH S indicated, thalllot quite 
1.Jlbs. of k c.cold w:!la could have been made to 
boil wilh th~ heat furnifhcd in the combuilion of 
I lb. uf tht' wood. 

The Experiments, No. 22, No. 25, and No. 26, 
which were made with the large/l of my kitchen 
Boilers, Ind, it is true, afforded grounds to fufpeet 
that, beyond certain limits, an increafe of flze in 
a Boilt::r doc:> not tend to diminilh the expenee of 
Fucl in the procers of heating water; yet, as all 
my other Experimcllts had tended to confirm . me 
in the opinion I h~d, at an carly period, imbibed ~n 
Ihat flluj eCt: , I was difpofed to fufpetl any other 
caufe than the true one of having been inftru. 
mental in ·producing the unexpeCted appearances I 
ob!trved. 

I \va$ 
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I ,.. .much dirappoint~d, I confefs, at finding 
dW'.tbe BrcWhoufe Boiler, notwithftanding aH the 
pains I had taken to fit up its fire.place in the maR: 
perfet!:: manner, and notwithftanding its enormOU8 

dimenfioDS, when compared with (he Boilers I had 
hitherto ufed in my Experiments, fa far from an­
fwering my expeflariom, aaually required confi. 
derably more Fuel, in proportion to its contents, 
than another Boiler fitted up on the fame princi. 
pies, which was not one fiftieth part of its Cize. 

"This . unexpected refult puzzled me j-~d l 
muO: ow!l that it vexed me, though I ought per­
haps to be afhamed of my weaknefs ;-but it did 
not difcourage me. Finding on examining the 
Boiler, that its bottom was very thick, c031pared 
with the thicknefs of the lheet copper of whi-:h my 
~tchen Boilers were conftruB:ed, it occurred to 
mewat potIibly that might be the caufe, or at It!aft 
(}n~ of the cauftJ, which had made the confumption 
of fuel fo much greater than I expeded; and a3 
there was another Brewhoufe in the neighbour. 
ho~ belonging to the Eleftor, which, luckily for 
me, flood in need of a new Boiler, I availed myfelf 
of that opportunity to make an Experiment, which. 
not .only decided the point in queftion, but alfo 
dtablifhed a new faEt: with regard to heat, which I 
c:onceive to be of confiderable importance. . 
. Having obtained the Ele8:or's permiffion to ar· 

range the fecond Brcwhoufe as I fhould think beft, 
I ~etermined to fpare no pilns to render it as per. 
feCt as poffible .in all refpeds, and particularly in 

e~ery 
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nery thing relating to the Economy of FueL As 
in brewing, ih the manner that ~ufmefs is carried 
on in Bavaria, where the whole pracers, in as far as 
Fire is employed in it, is begun and finithed. in the 
courfe of a day, the laving of time, in heating the 
water and boiling the' wort, is an obje£l: of alm04: 
as mUf.:h importance as that of economizing Fuei, 
and confequently demanded particular attentiOa.·~ . 

The means I nfed for the attainment of both 
thefe.objeCts will be evident from the following de­
fcription of the Boiler and its fire-place, which I 
canfed to be conftruaed, and which arc reprefented 
in all their details in the Plates III, IV, and V. 

This Boiler is 1'2 (Bavarian) feet long, 10 feet 
wide, and only '2 feet deep. The {heet copper of 
which it is made is ullcommonly thin for a Boiler 
of fuch large dimenfions, being at a medium lefs 
than one-tenth of an Engliih inch in thicknefs. This 
Boiler, when finithed, weighed no more than 
67+ Ibs. Bavarian weight, equal to 8J4_!- lbs. Avoir_ 
dupois, exdufive of 641bs. of copper nails ufed ill 
rivetring the iheets of copper together. 

The top of the Boiler is furrounded by a {hong 
curb (a , b, Fig. 17.) of oak timber, to which it is 
attached by Ihong copper nails, and O\'er the Boiler 
is built a roof, or flanding cover, (fee Fig. 17') 
fimilar in all refpech to that already defcribed. The 
bottom of the Boiler is flat, and repofes horizon­
ta.lly on the top of the thin br:t:k walls by which 
"the fire-place is divided into flues. (See Fig. 18.)­
Theft: flues do not run m the direaion of the length 

of 
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of the 'Boiler. but from one fide of it to the 
oitbe+ ;-conkquently the door (·f the fire-place is­
m .the middle of one fide of the Boiler. 

The fheets of copper, of which the bottom of 
the Boiler was cooftruCted,. run in the direaion 
of the flues i and they are jufi: [0 wide that their 
feams or joinings ( where they are united to eac.h 
otbt'r by their fides) repofe on th e walls of the flues, 
except only in the middle flue , which, being about 
twice as wide as th e others, one feam was neceffaTily' 
left un[upporreJ, at leall: a confiderable part of its 
length.- The fheets of copper ufcd in conftrufting 
this part of the bottom of the Boiler are rather 
thicker and ftrong~T than the Telt: 11lf:y are jull 
0.118 of an Englifh i.1Ch in thicknefs. 

'l'he fire is made under this Boiler in the middle 
fluc. which, as 1 have jun. obferved, is a littl~ more 
than twice as wide as one of the other flues . T here 
are five flue» underthe Boiler; namely, one in the 
middle 44 inches wide, above, in the clear, (which 
conl1:itutes the fire.place,)-and t';,L'O on each ti.de 
of it, ih whIch the flame circulates; one 20 inches 
wide, and the other 19 inches wide. 

The fi de flues are each I 'vi inches deep i-but as 
the walls which feparate them arc much thicker 
below than above, where the bottom of the Boiler 
repofcs on them, the width of th ere flu-es below i ~ 

only 13 inches.-The walls of there flues are {hown 
by dotted lines in Fig. 17. 

The w'11Is which feprate the flues do not run 
quite from one fide of the Boiler to the: other j an 

15 opening 
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opening being left at one end of each of them equal 
to the width of one of the narrow flues for the paf­
fage of the fiame from oot;!- fhl~ into another, with_. 
out il ~ going from under the Huiler. 

The Fire being made (on a circular grate) in the 
middle flue (ft,t: Fig. 18.), the flame palfes 'on in 
this flue to its farther end, and then, dividing. to 
the tight and left , comes forward in the two ad­
joining fide-flues. H:n.-in,l{ arrived at the wall 
which fupports the front of t.he Boiler, it turns 
again to the right and left j and, entering the .two 
outllJL: flues, return:, in them to the back 'of the 
Boiler. Here it went out (before the fire-place was 
altered) at two openings left for that purpofe in the 
wall which fupports the back pare of the Boiler, 
and the two cutrent" of flame uniting, entered a 
canal 7 inchci wide, apd 16 inches high, which 
goes all round the outfide of the Boiler. (See 
Fig. :::'0.) Having made the circuit of tht!'Boiler, 
it went olT by a canal (flimifllt:d with a damper) 
into the chimney. 

From this defcription of the fire-place, it appears 
that the flame and fmoke generated in the com. 
bcftioll of the 'Fuel in paning through thofe dif. 
feTell[ fiues, made a circuit of above 70 feer, in 
contaCt with Ihe futfate of the Boiler, before they 
were permitted tOJ deape into the chimney. This 
I thought mutt be fuflicient to g-ive thefe hot fluids 
an opporrnnity of communicating to the Boiler all 
the heat they could part with, notwithflanding the 
difficulties which attend their getting rid of it: And 
I conc1ud~d that the .:ommun'ication of their heat 

to 
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to dle. Boiler would be much fuc.i1irated and expt'­
~ by the various eddies and wnirlpools produced 

. iO. the -flame in confequeHce of the number of abrupt 
turns and changes of direB:ion it was obliged to 
make in palling under and round the Boiler. 

As the Experiments which have been made with 
this &iler were conduaed throughout with ihe 
utmoft care and attention, and as their refults are 
both curious and important in fevcral refpefls, I 
.have thought them deferving of being made known 
to the Public in aU their detalls. 

An Account of three Experiments made at Muo:. 
nich the loth October 1796, with the" new 
Boiler in the Brewery called Neubeujel, be­
longing to HI S MOST S ERENE RICHN ESS the 
Ei.ECToR.-:-The whther be.ing fair: The 
~meter !landing at 28 Englifh inthes, and 
Fahrenheit's thermometer at 36°. 

Dimenfions of the BoiTer, in }Length 11 f"c:t 6:02 in<;;hls, 
Englilh meafure, as found Width 9 - 7. 723--
by aaual admeafurcment, D epth :2 - 0.105-

Contents of the Boiler, when quite fuji to the brim, J4,163Ibs. 
Btroanon WtllM of wat er, at the temperature of 55". equal 
to 11.S401bs. Avoirdupois. or 2099 winc g:ll!ons. 

The Boiler aCtually contaiued of water,} 'JJ . , b 
in the beginni",," of (lI(!h of the t wo In QVQrI,"' ,wbrlg I 'n' q __ 1208, 
10 OWing cxpenffienU, • _ • 

equal ,to lO,0561bs. Avoirdupois. or nearly 1204 wine galIona. 

The wood ufed in this and the following Experiments was 
PiM, which had been mrW-cratdy fcafoned, and the binets W<'re 
,£ttt+i inche., E nglilh meafure, in length. 

Fl'RST 



FIRST .t:XPERlMENT WITH THE NEW Bon.u .. 

Exp~rim~nt, No. 29. 

Fire_wood put into TemperatlUC oJ 
Time. t.he water in the the Fire-place. Bo"". ----- -

Nllmi>ao( Qeat"ity III ..... Ot ru .. 
Hou .... Mia. lillie". ill·..-ci,hc. rlllbdt'j, n-; 

,b<. 

" 31 A.M. ' 0 50 5°' - ,6 - '5 '5 5+ 

" 0 - 5 '5 6, 
- 10 P.M. 5 '5 6, 
- ,6 - - - ·s - 40 - , '5 -- 53 - 5 '5 96 , 

" - 7 '5 '05 - " - ' 0 So "0 
- ,< - ' 0 So "9 - 58 - ,0 So -, ' 7 - •• So '5· - '. - - - , 6, - 34 - '0 So -- .' - - - '71 - 49 - - - ,80 
- 58 - 40 So .aSS , '5 - " ,0 '97 - ,. - '0 '5 'oS 

3 3S - - - the water boil 

• 
T1;""d }+h .... min. Wood COII(umed, S7SllK. cmp oye • 

Wl.. lJ . I 
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'l'\I!! IIoiIiDg water being let of . and it being re­
~. immediately with cold water, the Experi. 
-.lnt was, repeated as followa : 

E"primml. No. 30. 

Time. 
~antit'f' of Fire- T emperature of 
woOd pUt into the the water in the 

Fire.place. Boiler.' 
- - - -----., ~ 

Numk.of ~."citr In dqlf« g( F.b. 
1JoIIn. 14"111. Biller •• in wc i~ht. l'tl1hcit', Therm. 

41 P.M. 
lb. , 

4 40 50 60' 
SO ..... 40 50 7' , , 

S • - ' 0 50 86 
, 6 ' 0 50 991 - '9 ' 0 50 "4 . ' . 0 50 " . 
S6 40 50 ,., 

6 ' 0 40 50 '57 
'4 40 50 ,. 

' 7' 
40 
,..af - 40 SO 

J8)~ 
53 40 50 
.55 ' 98 

7 . , 
' °5 

7. , the watef boiled. 

26 min. Wood con(llJlII:d, sse Ib" 
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TMs boiling water being let off; the IIoUer was 

again filled (;mmediately) with celd water ; and 
in this third Experiment the quantity of water was . 
increafcd to 11,368 Ibs. BavariaTJ 'Wtight,-eq~ to 
14,° 78 Ibs. Avoirdupois, or 1685 wine gallons. 

The refu.Its of this Experiment were as. follows ; 

Ha ..... 

• 
9 -
~ 

-
<0 

-
-
" ---
" 

Exptrimtn/, No. 3 [. 

lQuantity of FiN" 
Time. ~ood put into the 

Fire_place. 

N um ber of Q..I!a,;tity 
Min, Bine tl. in ",oI, bt. 

l b •. 

" P. M. .0 ' 00 

7 - +" SO 

" - 40 SO 
44 - 40 SO 
S7 - 40 SO 
'4 - 40 SO 

" - 40 SO 
4S - 40 SO 
-- - 40 SO 
'S - +" 50 
30 - +" SO 
45 - 40 50 
5' -

Ternperatu~ 0{ 
the Wi!t ~ r in the 

Boiler. 
-
In d.,reu of Fob. 
Rn ;~i,·. Tbum. 

651" 
19-
90 

" 'I ". ' 3D 

'40 
'S> ,'s 
'75 ,8, 
' 00 

the wattt bOiled.. 

T ime } 3 h 7 min. Wood. (onfumec1, 6SQ lb .... e,rloycd, . 

I • 



T~ :(\>Ilowing Table will !how the refults of 
W · three Exaeriments in a clear and fatisfaUory . , 
manner: 

El'(p~rim~n ! Experiment Experiment 
, No. %9, No, 30. NO·3' · 
-----------

Quantity of water it! the 
!Joiler at . the begin. 

ning of the Experi. 
ment, in Bovqrian 
f'JIItUU . , . Suolbi. 

Temperature of the WlI:_ 

te'r at the brginning Ofl 
the Expmment _ 50° 

Time employed. in mak_ 
ing the water boil _ 4 h. 4- min. 

Fuel (Pine wood) COI)­

fumed in making the 
water boil, in Bavarian 
POll1ltb - - SHills. 

Prttifo RejuiJl of the Ex­
ptrimtllil. 

~antit" of ic('-cold wa· 
ter which might have 
b e('n heated 180 de­
grees, or made to boil 
with' the he~t generated 
in the comboftion (If 

Silo ibs. 11.3681bs. , 

6,· 65-~o 

2 il. zGmill, 3 h. 7 min. 

5)o lbs. 6;olbs. 

tlb. of the Fud 12.5411>8. l2.zS1bs. 14'591bs. 
Time in which, accom­

ing to the reful! of the 
E¥JItl"iment. ice~old 
water might be made 
to b()il at Munich with 
the 'given proportion of • 
Fud - - - __ 4h'3Imin. l :h'59mi".13h'3smin. 

I was furprifed, when I compared th~ refults of 
tbeIe Experiments with thofe made in the other 

Brewhoufe, 
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Brewhoufe, to find how little in appearance 1 had 
gained by the alterations r. had introduced; on. a 
more careful examination of the matter, however, 
I found that I had gained much more than I at firft 
imagined, both in refpeCl to the Economy of Fuel, 
and to that of Time. The amount of there ad~ 
vantages will appear from the following compari~' 

fon of the mean refult of thefe two fets of .Experi­
ments: 

Fir} Sd. 

In th~ E!l:pt rimcnt No. 'l i . 
In the Experimt'tlt Nc. 211. 

Steoml Sri. 

In the Experiment No. %9-
I u the Experiment No. 30. 

Sum _ 

Sum -

M eans -

I 
Prui,ft RrJlllll of ,h, fen. 

guinX ExperifMllll. 

<l!!anti!, !If 
i«·eold ... ater 
..... de to boil 
"jib lib. of 

\he Flit!. 

Tillie requ1red 
10 "",Iu: ice.. 
~ldl ... n:.t.oit. 
K_dia,lo 

therd'lIltoft/¥ 
,iml l!Jtpel'i_ 

, _. 
--i--

lb,. hu. min. 
u.o6 .. 20 

12.70 ... 20 

-----
4 '0 

4 3' 
, 59 ----

----
3 4S 

The mean refults of thefe two fets of Experi­
ments differ very little from each other in appear .. 

l3 an~; 
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. ~ ~.~. from th~s circumftance I 1hall prov:e, that 
~e. ~'Boileris better adapted for Caving Fuel than 
tlt~ld. 
' .P.By comparing the refults of the Experiments 
rude with the fame Boiler, but with different 
quantities of water, we thall conftantly find that the 
Qpence off'ud was lifs in proportion as ~he quan~ 

tity of water was greater. In the Experiment 
No. 23, when 1271bs. of water were ufcd. the fe· 
fult of the Experiment indicated that no more than 
U'74Ibs. of ice<old WOller could be made to boil 
with the heat generated in the combufiion of I lb. 
of the Fuel tired; but in the Experiment No. 26, 
made with the fame Boiler, but when 4 times as 
much water was ufed, or so8lbs" it appeared 
from the ·refult of the Experiment, that 19.odbs. 
of ice~c(jJd watel' might be made to boil wilh I lb. 
of the Fuel. 

Now, in the lirft fet of the Ejpcriments we 
are comparing, as the quantity of water ufed 
(u,so8Ibs.) was much greater than that ufcd in 
the fecond fet (8uolbs.), it is evident, that if the 
conftruaion of the machinery and the Management 
of the Fire had been equally petfea in the two cafes, 
the Economy of Fuel would have been greaten: 
where the largeft quantity of water was ufed;­
.t.hat is to fay, in the firft fet of Experimt;nts i-but, 
liS 'bat was not the cafe, it is certain that the Bo;!er 
¢ed in the fecond fet is better adapted to econol" 
nUze Fuel than that ufed in the firft, 
~ we need not go fo far to fearch for proofs 

of thlIllW. The r~I!l' of the Experiment No. 3' 

" 
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ia alone r.fficieftt 10 pdt tit«"""lio; " ,I!aGbt.' 
In this Experiment. in which 'die <j1lllDrir:;. ... ,.". 
(though llilJ confidmbly thor! of, •. ,hat~.Ji> .~ 
former ·fet of Experiments) wu .:.pen"'~ 
8 I20 lb •. to 11.368Ibs. the fa'ing .f-F.~ Wi!'.ff 
much increafed as to !how in I. decifive mapAn .~ 
fuperiority of the new boiler. 

T IH Prtnjt Rej.Jlt 

Of this Ex?triment ( No. 31 . ) wtre 
a $ (O\;O\\'l', - - _ 

In the Experim~nta No. 27 and 
No. :: 8, they were, -at a medium, 

........ 
., 3 .31 

12.385 . .. 'C. so .. " 
The difference in tbe rcpence of Fuel. in _ the:~ 

Experiments with du{e twq,Boilers is ~y no m~ 
inconfiderable; it amounts to above I 4 p!~ .'t~~ 
and would haye amounted to more, if more time 
had been allowed for heating the water in the Ex~, 
periment with the new Boiler; for it is eafy to 
1how- (what indeed was dearly indi~ttUl.· ~y all 
the Experiments) -that, in caufirlg liquids, to boil: 
the quantity of Fuel will be lefs in. propq.rtiQD. af 

the time employed in that procers is long; Qrt. 
w~s the fame,-as the Fire is (mallei : Aiu:I the ' 
lavmg of Fuel arifing from any gi" en prolongation 
of the procefs, will be the greater as the fire:place 

. is more perfea, and as the meanll u[ed for con .. 
fining the heat are flWrc' eJfe&uaJ. 

I 4 Though 



'IIio& Of'tfii ""M~t .,:F/r., 
~',thi: ·g.n .... I,rertllts of there two r." of 

'~iaient& ,afforded abundant rea[.")n to conclude 
,'dDt the;alterations I had introduced in arranging 
-the new Boiler were real improvements; yet, when 
I 'compared the quantity of Fuel confumed in the 
Experiments with this new Boiler, with the much 
fmaller qU3IItities, in proportion to the quantity of 
water, which were employed in fome of my fonner 
Experimepts· with kitchen Boilers, ] was for fome 
time quite at !:J. Ids to account for this dilference. 
In all my Experiments with Boilers of different 
fizes, from the fmaBeft faucepan up to the largell: 
kitch~1\ Boilers, I had invariably found that the 
largtr the quantity of water WjlS which was healed, 
the uji. in proportion, was the qllantity of Fut'l .Q.e~ 
cetrary to be employed in that pracers; and fc en· 
~JreJy had that prejudic, taken polfeffion of my 
lpind, th~t when the lhongefl reafons for doubt 
prefented themfdves, they were overlooked; and 
it was not till I had fearched in vain on every fide 
to dircover fome other caufe to which 1 could attri. 
~ute . the unexpecrcd appearance that embarralfed 
me, that I was induced,-I may f.'ly forced,-to 
abandon my former opinion, and to be convinced 
that what I had too hafiily confidered as a general 
law, does not in faft obtain but within ttartow 
limits ;-that although, in heating certain (pom'itiu 
~f liq~ids, there is an advantage in point of the 
~conomy of Fuel in performing the procers on a 
l3'rger fcale, in preference to.) a (maller one; yet, 
W~7n the ~quid to be heated amounts to a certain 

quantity, 



~'Ib,~tf_' • 
quantity, this advantage ' ceafet'. , aM·if..,it,eueeda 
that quantity,' it is attencied 'with "an e:xpmCe of 
Fuel proportionally greater than-when the~uan­
tity is lefs. -.~;,. ',"-" 

What the fize of a Boiler mu!l: .be, in order thar 
the raving of Fuel may be a mox#num, I do\not pre.. 
tend to have determined. I think however thU 
there are fome rcafans for furpeCting that it would 
not be larger than fome of the kitchen Boilers 
ufed in my Experiment~. But I recolletl: to have 
promifed my Reader. that I would not give him 
my opinion, without laying before him at the fame 
time the grounds of thore opinions.-In the prefent 
cafe they are as follows : 

In an Experiment of which I have already given 
an accounL (Nu. 3')' 7;-{ lbs. of water, at the 
temperature of 580, were made to boil in a [auco­
pan fitted up in my beft manner, in a dored fire. 
place; and the wood confumed was 1 lb. This 
gives for the precife refult of the Experiment, 
6.68Ibs. of ice-cold water made to boil with I lb.. 
of the Fuel. 

In another Experiment (No. 12.) made with 
one of the fmall Boilers belonging to tpe kitchen 
of the Military Academy, fitted up on the fame 
principles, 43.631bs. of water, at the temperature 
of;t66°, were made to boil with 3Ibs. of wood. 
This gives 11'93Ibs. of ice-cold water made to 
boil with·llb. of the Fuel. 

Again, in the Experiment No. ~o, which ~ 
made with a larger Boiler belonging to theJame 

. kitchen, 
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""suecl.htted up in the fame manner, -r87 Ibs. 
qi' ...... , (equal to" about ~B gallons,) at the tem­
pM'atufe 'Of 55°, were made to boil with the com­
buftion'of SIbs. of fire.wood. This gives 20.10 Ibs. 
of ice-cold ·watqmade to boil with L lb. of the 
wood ;- ·and faTther than this 1 have ;"lot been able 
to 'pulh. the Economy of Fuel. 

In the Experiment No. 26. a Boiler was ured, 
which had been conftruaed with the exprcfs view, 
l& fee bow far it was poffible 10 carry the Economy 
of Fuel in culinary proceffes j and it was fitted up 
with- the utmon: carc, and on the moft approved 
Frinciples. As I thought at that rime that a large_ 
fized Boiler was elfentiai to the ecunomi7.in(5 of 
Fuel, this Boiler was made to contain 106 gall ems. 
In the Experiment in qll cll ioll it aCl-ually contained 
508 Bavarian pounds of W:ilter, (or about 63 gd­
Ions,) at the temperature of 480

; and to make this 
water boil, 241bs. of wood were confumed. This 
gives 19.01 Jbs. of ice·cold water made to boil with 
) lb. of Fuel. Hence it appears that the expenee 
of'Fuel was greater in this Experiment than in that 
laft-mentioned. 

Again, .in the Experiment No . .31. when no 
lcfs than 1I,368 1b5. or 1685 gallons, of water were 
heated and made to boil in the new Brewhoufe 
Boiler; the wood con[umed amounted to G .~._ }.ps. 
which (as the temperature of the water at the be. 
ginning of the Experiment was 65 t o) gi,,;:!s for the 
pr.etift rcfult of the Experiment, 14'S9Ibs. of ice. 
(ald'- water made to boil with the heat generated in 
t4e combufiion of I lb. of the Fuel. 

As 
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J\s the relative quanti~s of, Fuel upendod in 
the Experiments _are inverfelyas the .numba's 0.. 

preffing the quantities of ice-cold water, wbich, 
{rom the refult of each l;.xveriment, it a~ 
might have been heated 180 degrees, or made,tll 
boil, under the mean preifure of the atmofpher. 

-=it the level of the (ea, with the heat genera.red in 
the combufiiQ.n of I lb. of the Fuel; it is evident 
that thefe numbers meafure . ve..ry accurately th~ 
different degrees to wruch the··'l:conomyof Fuel 
was carried i.n the difierent Experiments. The 
Economy of Fuel in heating liquids depending ". 
the quantity of tbe liquid, as {hawn by the foregoina 
Experiments, Iru.y therefore be expreffed Chortly 
jn the following manner: 

111 the Experimellt No. 3, 
No. Il, 

No. 16, 
No. 16, 
Nu. 3r, 

~t.n!ity orwa. 
w: heate-l in the 
Experiment, ill 
Ba1!Oriotl Jbs. 

lb •• 

7'93 
43. 63 .8, 
50' 

11_3 68 

Degrees t~ 
which the E~o­
nomy of the­

y lid WlU carried. 

. lb, . 
6.6Jl 

11.93 
20.10 

19.01. 
14-59 

Before I take my leave of this fubjed: I would 
juft r~rurk, that the caufe of the appearances oh. , 
fsrv,ttI in the Expl7iments may, I think, be traced 
to thai: pr0-Pfrry of flame from which it has been 
~eDQminated a non~conduaor of hey :-For if. (he 
different particles Qi' flame .give off their heat only 

to 
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I'D ~es -with which they aCiual1y come into con .. 
tlftj ' -the' quantity of heat given off by it will be,­
. " 121 its 'V~/um£, (and confequently not as t.he 
quantity of Fuel confumed,) but rather OJ its fur­
fau. And as the furface of the flame, when fire­
places are fimilar, is proportionally greater in fmall 
tban in Jarge fire-places j-the futfaces of fimilat 
bodies being as the JquarC! of their correfponding 
fides', while their .volumes aTe as the cubes of thofe 
fides ;-it is evid~t that, on that account, lefs heat' 
in proportion to the quantity generated in the com­
bullion of the Fuel ought to be communicated to 
the Boiler. _when the fire-place and Boiler are large, 
than when the procefs is carried on upon a fmaJler 
rcale. 

There are, however, ·feveraI other circumftances 
to be takel1 into the account in determining ~he 

e6'efu of jizc in the machinery necelTary for boil~ 
ing liquicJs; and one of them, which has great in­
fluence, is the heat abforbed by the mafonry of the 
fire-place. This lofs wiII moll undoubtedly be the 
fmaUer, as the fire-place is larger; but to deler~ 
mine the exact. point when, the faving on the one 
hand being jufl counterbalanced by the 10[5 on the 
other, any augmentation or diminution of fize in 
tI1e mac1unery would be attended with a pofiti"e 
]ofs of heat, is not eafy to be afcertainech". Pro. 
vided however that proper attention be paid .~:th~ 
Management of the Fire, and that as m»ch he<:t.t as 
poffible be generated in the combuftion of the Fuel 
_(whicli may always be done in the largeft fire. 

. ,place 
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place as well, if Dot better, than in fmaUcr: ones); 
as that part of the .heat which goes off.in. the.Cmo~ 
is indubitably loU, a thermometer placed in the 
chimney would indicate, with a confiderable degree 
of precifion, the perfections or imperfeCtioijS of ,the 
fire-place. 
, It is well known that the [make which rifes from 
!,he chimnit:s of the elared fire-places of very large 
Boilers is much hotter than that which e[capes from 
'fmaller fire-places; and I am furprifed tbat this 
faa, which has long been known t6 me, fhould not 
have led me to fufpect that the wafte of rud was 
proportionally greater in thefe large fire-places than 
in [mailer ones. 

Befides the Experiments of which I have given 
an account, feveral others were made with the new 
Brewhoufe Boiler; and, among others, four Ex. 
periments were made on four fucceeding days, in 
brewing }ker; and it was found that confiderably 
lefs Fuel was expended in thefc trials, than was 
neceffary in brewing the fame quantity of beer -in. 
the other Brewhoufe, in which 1 firf\. introduced 
my improvementi. But though the alteration of 
form, dinunution of the thicknefs of the metal, &c. 
which I had introduced in conftruaing the n.ew 
Boiler. and alfo in the manner of fitting it up, had 

!~d a confiderable Cavin;; of Fuel, yet it was 
companied by a proportional faving of time. 

I had au.ered myfelf that by making the Boiler 
'Very thin and 'Very jba/low, I fhould bring its -coft.~ 
'cnts to boil in a very jhfJrllim6.; but I did not cop,. 

fider 
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fi~ !Ouch time is necelfary for the com~ur. 
... ·'of the Fuel neulfory for heating fo large a 
qtWIriry of water; otherwife my expeCtations on 
this bead would have been lefs fanguine. The 
quantity of heat generated in · any given time being 
as the quantity of Fuel confumed, it mull depend 
in a great meafure on the fize of the fire-place r 
and when it is required to heat a large quantity of 
water, or of any liquid, in a very iliort time, eithet; 
the fire-place muft be large, or (what in my opinion 
would be fiiH better) a number of feparate fire. 
places,-two or three, for infl:ance,-muil be made 
under the"fame Boiler. The Boiler fhould b~: made 
wide and {hallow, in ordei to admit of;l great num. 
ber of Hues, in which the flame and fmake of the 
dilfereill Fires fhuuld be made to circulate [clYd­
rately under its bot/om. 

The combufiion of the Fuel, and confequcntiy 
the generation and communication of the heat, 
may in the fame fire-place- be conflderably accele­
rat~ by increafing the draught (as it is called) of the 
Fire;. which may be ,done by increafmg the height 
of the chimney, or by enlarging the canal leading 
to the chimney, and keeping the damper open, 
wh¢n that pa,ffage is too fmall ;-or by 1honening 
the length of the flues. 

The mafl:er brewer. having exprelTed a \\'~hat 
fame contrivance might be ufed by which th~~· ... -.I"rei' 
might be made to boil a little fooner il'." the new 
Boiler, I made an alteration in its fire-plate which ' 
<OIDpietely anfwered that purpofe. 

But 
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But befi~ .. the defire i. bad -'0 oblige tbe lIII1ler 
brewer, (who only thought how he could contrive 
to finifb as early as poffible h ... daY'a work,) ,I ..... 
another, and m~ch more impottant objeft in vieW'. 
Having had rearon to fufpen that flues which gO 
round on the outfide of large Boileu do little more­

. ·.han prevent the efcape of the heat by their fides; 
_~which, with infinitely lefs trouble and Ids ex .. 
pence. may be prevented hy other mcans,-I W'aS 

deurous of finding out, by a decifive Experiment, 
the real amount of the advantages gained by thore 
flues i or the raving of Fuel which they produce. 
And as I was confident that the fuppreffion of the 
flue which went round the new Boiler would in .. 
cTeafe the draught of the fire-place, and accelerate 
the combuftion of the Fuel, I concluded that if my 
opinion was well founded with refpect to the fmall .. 
nefs of the advantages derived from thefe fitk 
flue; ; the increafe of heat arifmg from the accelera .. 
tion of the combuflion occafioneJ by the increafed 
draught on dofing them up would more than coun .. 
terbalance the lafs of thoJe advantages, and tl];e 
time employed in heating the water would be found 
to be actually lefs than it was before. 

The rerults of the following Experiments fhow 
how far my fufpicions were founded. 

~ Experiment, No. 32. 

The flti'?round the outfide of the new Brewhoufe. 
Boiler having been elored up, and two canals 
(a and b. Fig. 2 I.) formed from the end of the two 

J oudidc 
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ou~fule Dues of thofe fituated undo- lhe Boiler, by 
which two canals (which were both fllrnifhed with 
dampers) the {make . paffed off from under the 
Boiler direfl:ly into the chimney; the Experiment' 
No. 31. which was made with the fame Boiler bea 
fore the outfide flues were elored up, was now re­
peated with the utmofl carc, in order to afcertain .. 
the effeCl:s which the doling up of thofe flues would, 
produce. The quantity of water in the Boiler; and 
its temperature at the beginning of the Experiment,' 
were the [arne i-the wood ufed as Fuel was taken 
from the fame pared, and it was put into the fire. 
place in the fill/Ie quantities, and at theJallle intervals 
of time i-in {hort, every circumfiance was the fame 
in the two Experiments, excepting only the altera­
tions which had been made in. the fire-place. As 
tbe.lengEh of the flues through which the flame a!l.d 
{moke were Obliged to pafs to get into the chimnq 
bid been diminifhed more than half, (or reduced 
from 70 to about 30 feet,) the fircngth of the draught 
of the fire-place was much increafcd, a8 was evident 
not only from the increafed violence of the combuf. 
tidn of the Fuel, which was very apparent, but alfo 
from another circum fiance, which I rhink it my 
duty to mention. Before the flue round the Boiler 
was elofed, if too much Fuel was put into the fire­
place at once, it not only did not burn with a dear 
flame, but frequently the fmoke, and fClrl~~~ 
the flame, came out of the fire-place 4.o,rY.; ~ even 
when the damper. in the chimney was wide open; . 
but after this flue was dared up, it was found to be 

hardly 
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hardly poffible to overcharge the fire~pJace, an~ the 
F uel always burned with the utmoft vivacity. 

I ought to inform: my Reader, that though the 
entrance into the flue which went round the out­
fide of the Boiler was elofed, and another and' a 
{hotter road opened for the flame and fmoke to 
pars off into the chimney, yet the cavily of the 

'il:ue remained; and by means of.openings (c. c. c. 
j:.. c. c. Fig. 21. Plate V.) ab01tt fix inches [quare 
in th~ brick-work which ' feparated this old road 
(which was now fuut up) from the flues ,under the 
Boiler .. the flame was permitted to pars into this 
cavity, and to fpread itfelf round the outflde of the 
Boiler. This contrivance (which I would recom­
mend for all Boilers) not only prevents the efcape 
of the heat out of the Boilet: by its fides , but can. 
tributes fomething towards heating it . and as the 
openings in the tides of the flues do not fenfibly 
impede the mOlion of the . flame, they can do no 
harm. 

As the two Experiments, the refults of which I 
am about to compare, were made with the grea.teft 
care, and as they are on feveral accounts unc;om. 
manly interefling, I {hall pla~e them in a confpicu­
ou~ point of view. 

vOh. II. . K A COM .. 



A CoMPAAATIVE Vl£W of TWO EXPERIMENTS 

made with a new Brewhoufe Boiler. 

T he time is reckoned from tbe brgitmillg of tbe E Kpe. 
rimcnt, and was the faille in 6Mb E.>(perimenh. 

!?.Eantity oj water in tbe Boiler 11,36 8 /bs. Ba'Ua· 
rlan weigbt. 
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H a"jng found by comparing th e rt;ful t~ of~9£ 
two 'Expcrimt:nts, that 1 had loft JlothiuQ .¢'fef,"leCl 
to the Economy of Fuel, by !butting: up the outfide 
flue of my Boiler, 1 was nuw dc:firol1s of afcera 
raining ho~ much I had gained in point of time, 

or 
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or how much the increafed draught of the fire-place~ 
in confequence of its bues being {bartened, en­
abled me to abridge the time employed in. cauf­
ing the contents of the Boiler .to boil, in cafes in 
which it {bould be advantageous to expedite that 
pracers at the expenee of a [mall additional quan­
lity of Fuel . 
... By the following Experiment, in which the com­
buftion of the Fuel was made as rapid as poffible 
by k;Jping the fire-place full of wood, and the re­
gifter in the .dh-pit door and. the , damper in the 
chimney confiantly quiee open, may be feen how 
far 1 fucceeded in the attainment of that object. 



!ll Of. I;' JlJ!lI4l(lJf(llt of }'jr(, 
., 

·The Boiler contained II,368Ibs. Bavarian 
weight of water at the temperature of 47°. The 
Fuel. ufed was pine.wood, moderately feafoned, in 
billets three feet four inches long, and {plit into 
fmall pieces of about I lb. each, that it might 
burn the more rapidly. 

This Experiment 'was made the 29th of Novem. 
ber 1796, the barometer /landing at 26 inch,"! 8,7 
lines Paris meafure, and Fahrenhe;t's thermometer 
at 33°, 
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In the Experiment No. 32, the fame quantity 
of .w~ter at the tempe.rature of. 65~o, was ma~~ 
bod In 2 hours 59 mmutes, wllh the COI!fi.4ption· 
of 62 Sibs. of the fame kind of wood. Had the 
water in this · Experiment been as cold as it was in 
the Experiment No. 33. (nameJyat rhe tempera. 

lure 
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tUTe of 47°,) inflead of 6zS1bs., 70S-IOO. of the 
Fuel would have been neceffary; and the procefs, 
inftead of lalling 2 hours and .19 minutes, would 
have lafted 3 hours and 22 minutes. 

Hence we may conclude, that to abridge ( hour 
and ·5 minutes of 3 houts' and 22 minutes in the 
proce[s of boiling I I ,368Ibs. of water, this cannot 
6e done at a lefs additional expenee of Fuel th~ 
that of 9Slbs. of pine-wotld;-or, to abridge the 
tirny;.!itle-third, there mull be an additional expenee 
of about (JIlc-cigbth more Fuel. 

In fome cafes it will be mof\: profitable to fave 
time, in others to ecollomife Fuel ;-and it will al. 
wavs be dcfirable to be able to do either, as circum­
fiances may render ~noft expedient. 

From a comparifon of the quantities of Fuel 
confumed, and confequently of heat generated, in 
the f.1me time, with the quantities of heat aCtually 
communicated to the water, in the Experiments 
No, 32 and No. ,13 , during this time, an idea may 
be formed of the great quantity of heat that may 
remain in flame and fmoke after they have paffed 
man)' feet in flues under the thin bottom of a Boiler 
containing cold water; and this {haws with how 
much difficulty thefe hot vapours part with their 
heat, and how important it is to be acquainted with 
th')\. faa in order to take mearures with certainty 
7:')~ni(jng Fuel. 

I have been the more particular in my account 
of there Experiments with large Boilers, as 1 believe 
no ~xperimems of the kind on fo large a [cale have 
been yet made j and as they were all coruiufied It, with 
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,vith ,care, their refults have ,intrinfic value inde.. 
'pendent 'of the particular ufes to which I have ap.­
plied chern. 

As in the countries where this ElTay is likely to 
be moll: read, pit-coals are more frequently ufed as 
Fuel than wood, it will not only be fatil.faCl:ory, but 
in many cafes may be r eally ufeful to my Reader to 
know the relative quantities of heat producibk­
from coals and from wood j in order to be able to, 
compare the tefults of Experiment.] in whic"-~ c.?~t1s 

are ufed as Fuel, with thofe of which I have here 
given an account j or to determine the quantity of 
c€lals neceffary in any proccf::: which it is known 
may be performed with a given quantity of wood. 

It was my in~ention to have made a fet of Expe­
riments on purporc to determine the relative quall_ 
tities of heat prod ucible from all lhe various kinc~ 
of combull:ible bodies which are ufcd as Fucl, and 
I made preparatiom for beginning them. but I have 
not yet been able to find lcifurcto attend lo thcfubjeCt. 

The mort fatisfdtlory account I have been able 
to procure rcfpca ing the mailer in 'luefiion, is one 

for which I am iudebtt:d to my friend Mr. KI RWAN, 

By this account, whit:h he tells me is founded on 
Experiments made by Mr. La'uo!frcr, it appears, 
that equal 'luantitics of water, under equal furlaccs. 
rpay be evaporated, and confcqucntly cqU~j h ·ars 
produced, __ 

~ . 

:By 403Ib~. of Coaks } 
600 _ of l' it..cnnl 
600 - of Ch~Tco;d 

JoB9 - of Oak. 
{

By 17 of Coaks 
. f lo uf Pit-c"al 

or 1:1 .nca me 40 of Ch3TCO .. l 
33 of 0;]1;;. . 

I wilb 
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I willi I were at liberty to tranfcribe the ingenious 
and intercfling obfervations whi,ch accompanied this 
cflimate; but as they make part of a work which I 
underfland is preparing for the Prefs, I daore not 

anticipate what Mr. KIRWAN will himfelf foon lay 
before the Public. 

According to this eftimate it appears that 
oj o89 1bs. of oak produces as much heat in its 
combuflion as 600 lbs. of pitocoal. Now, if we 
f~~'<: that the pineowood uft:d in my Experi. 
ments is capable of producing as much heat per 
pr;rmd as oak,- and I have rearOD to think it does 
not afford lefs,- from the quantity of pine.wood 
ured ill any of my Experiments, it is eafy to afcer~ 
tain how mueh coa l would have been neceffary to 
generate the faille quantity of heat; for the weight 
of the coal which WOll!t~ be required is, to the 
weight of the wood aCtually conCumcd, as 600 to 

.1089' 
In o~e of my Experiments (Nu. 31,) -I ' ,3681bs. 

of water, at the temperatu re of 65~'0, were made 
to boil with 650 Ibs. of pine. wood. As, when the 
Experiment was made, the meTcury in the baro. 
meter ftood at about 28 Englilh inches, the tern· 
perature of the water when it boiled was only 
z09lo, confequent!y its temperature was raifed 
(209t-6Sn 144 d~grees . Had the water been 
l)OTil.~.! . in London, or in any orh&f' place nearly on 
a levcf\,·ith the furface of the {ea, it mufl. have 
been heated to ::::J 2° to have been made to boil~ 

(:onfcquently its tcmpera.turc muft have been mifed 
K 4 146 t-; 



J.4~t·;, ~d to., hav~ done. this, inftcad of 6solbs. 
c#,. "ooa, 66 I .;.lbs. would have been required; 
( i40· .is to 6s01bs. as 146~o to 66 I tJbs.) , 

H pit.coal were ufed infiead afwood, :;63{ lbs. 
of that kind of Fuel would have been fufficjent; ­
for the quantities in weight of differe.lt kinds of 
Fuel ~equjred to perform the fame precefs being 
inverfely as the quantities of heat which equ<ti 
weights of the given kinds of F uel are capable of, 
generating, or direclly as the quantities of [h~ kind 
of Fuel in quefiion, which arc required to produce 
the fame heat, it is Iu89 to 600, as 661 {- lbs. of 
~ood to 363 ·i lbs. of coal, fuppofing the foregoing: 
eftimate to be exact 

Whether it would be paffible to caufe fa large a 
quantity of wa.ter, ( 16S r wine galions,) at lh(; gi\'l'I"I 
temperature, (6S ·~·,) to qoil, with this {mall 'l1l~1Il . 
tilyof coal, I Je~ve to thofe who are convcrfaJIL iu 
E"xperiments of this kind to determine. 

From· the refult of my 20th Experiment it ap­
peared that 20 -r'lf lbs. of ice-cold ,vater mi~llt be 
heated 1 80 degrees, or made to boil ~nd{'r the 
mean prefI"ure of the atmofphere at the Jevel of the 
furface of the ocean, with the heat generated in the 
eombufiion of I lb. of pine.wood. Computin:; 
from the refult of this Experiment, and from the 
relative quantities of heat, producible from pine • 

. wo,?d, and.from~t.coal, it appears that tI~ 
generated in the combu!1ion of I lb. of .... pit.coal, 
would make 36~.c; Ibs. of ic:;e-c:;old water boil. 

He.nee 
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Hence it appears that pit-coal theuld heat 3' 

times its weight of water, from the freezing point 
to that of boiling ;-and as it has been found_by 
Experiments made with great care by Mr. W All'T, 

that nearly 51 times as much heat as is fufficidl.l 
to heat any given quantity of ice-cold water to W 
boiling point, is requited to reduce that fame qum.­
f!ty of water, already boiling-bot, to fiearn; accord.. 
ing to this eflirnation, the heat generated in the 
comblJflion of lib. of cO:.l1 £bould be fufficient 
ro-tfduce very nearly 7 Ibs. of boiling-hot water to 
fieam. 

How far there ellimates agree with the Experi­
ments that have been made with !team-engines, ] 
know not; but there feems to be much teafon to 
[u[pcCt that the expenee ' of Fuel,' in working 
(hofe cngines, is confidcrably greater than it ouglu 
to be, or than it would be, were the Boilers and 
1,jn;-pbces confl:ruCted on the bell principles, and 
the Fire properly managed. 

In attempts to improve, it is always yery defir .. 
able to know examy wbat progrefs has been. 
made i-to be able to mearure the diftance we 
have laid be~jnd us in our <l,dvanccs j and alfa that 
which fliH remains between us and the object in 
view. The ground which has been gone over js 
eafily meafured ; but to eftimate that which fl:i1lliEi 
bfC're us is frequently much more difficult. 
Th~ .::::lvances I have m~de in my attempts to 

improve fire-places, for the purpore of economiC. 
ing Fuel, rna:, be dtimated by the refults of the 

Experiments 



'':ill OJ the ManagtT"m' "if Fir(, 

.£~ments of which r have given an account in 
ahH Elfay j but it would be fatisfatbry no doubt to 
know how much farther -it is poffiblc to puJh the 
-Ecli>nomy of Fuel. 

In my 4th Experiment, 7 ~ ~- lbs. of water, at the 
temperature of 580, were made to b )il, at Munich, 
with 6lbs. of wood. Jf, from tht: refult of this 
Experiment, we compute the quantity of ice.colJ 
watet which, with the heat generated in the com· 
bunion of 1 lb. of the Fucl, mil!ht 0e heattd I So 
degrees, or mnde 10 boil, it will ';urn out to be orily 

Ii lb. or more exatlly J. I Jib. 
According to the n.:fult of the Experimc:nt 

No. 20, it appeared, that no !ers than 2o ~" lbs. of 
ice-<::old water Blight have heen made to boii with 
~he heat generated in the combuflion of 1 lb. of 
pine-wood. , 

It appears, therefore, that abont eighteen limn <'Ii 

much Fuel, in proportion to the quantity of water 
heated, was expended in the Experiment NO.4. as. 
in that No. 20; and hence we lllJy conclude with 
the utmofl: certainty, thJt of the hear generated, or 
which, with proper manageinent, might h,lve been 
generated in the combullion or the Fud ufcd ill 
the 4th Experiment, lefs than .,' .. p"rt was ern· 
ployd in heating the water ;-the remaiuder, 
~mounting to more than .~-~ of the whole <iuami rr. 
being difperfed and lofe. 

I ~entured to givl: it as my op::lion in IIle begin. 
rung of this Effity, that" not ids than jr:ven.cigbtbJ 
U of the heat generated, or which, with proper rna. 

" nagt.::mt:n t. 
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" nagement, might be generated from the Fuel ac,. 
" tually {;onfumed, is carried up into the atrnofphcrc. 
" with the fmoke, and totally loft." - I win leave it 
to my Reader to juuge whdh~r this opinion was 
~ot founded on good and fufficient grounds. 

But though it be proved beyond the pallibility 
of a doubt, that the pracefs of heating water was .. 
~rformed in the 20th Experiment with about.:T 
part of rhe proportion of Fucl which was ac­
t!l ~)!~" txpendcd in the 4th Experiment, yet nei_ 
ther of there Experiments, nor any deduCl:ions that 
can be fOllnded on their r cruIts, can give us 'any 
light with refpcfr to the real Jors of heat, or how 
much leIs Fuel would be fufficient were there no 
lofs whatc\'cr of heat. The Experiments 1how 
that the lofs of heat mull h:lVC been at le<lfi eighltm 
liJJlfJ greater jn aile calc than in the other; but 
they' do not afford gronnds to [arm even a probable 
conjetl:ure refpt:Eting: the amount of !he lors of heat 
in the Experiment in which the Economy of Fuel 
was carried the farthefl:, or the poiTibility (Jf any 
fanher improvements in the conftruCtion of fire­
places. 1 fhall, however, by availing myrtlf of the 
labours of others, and comparing the re(u its of 
their Experimt!nts with mine. endeavour to throw 
fome light on this abflru(t! fubjeB:. 

Dofto r eRA WFORD found, by an Experiment 
contr:i~'ed with much ingenuity, and which a'ppears 
to have been executed with rhe urmoi1: care, that 
(he h::at generated in the eombuftion of 30 graius 

of 
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of Charcoal !'aif.!d the temperature of 3 I lbs. 7 oz. 
Troy::: 181,920 grains of wa.ter, 1 1;'~ degrees of 
fahrenheit's thermometer, 'l:.:hm none of the heat 
:roerated was Jtiffered to ejiope. 

But if 30 grains of charcoal are necdfary to raife 
the temperature of 1~1,920 grains of water I T~~" 

degrees, it would require 3'57,9 grains of charcoal 
to raife the temperature of the fame quantity of 

. water 180 deg~ees, .or from the puint of freezing 
to that of boiling; for it . is ' ·'7'" to.> 30 t~g.,:: .~.~,!,,_ 
as 180· to 3 157.9 gr:tim. Confcg l.lcntly the heat 
generated in tho.: combuilion of ,lb. of charcoa l 
would be fufficient to he;,t 5i.6081hs. of ice-cold 
water I SO degrees . ut to make it bozl;-for .1'57.9 
grains of charcoal are to 18 r .g20 grains of w;llcr as 
I lb. of charcoal to 57 .608 Ibs. of water. 

l<~rom th e refulrs of Mr. L AVOISI.ER ' S Exyeri­
menu:, it appeared that tbe quantities of heat gene­
rated in the combuaion of equal , .... eights of char­
coal and dry oak, are as I c89 to 600_ H ence W.,! 

may conclude, that equal quantities of heat are ge­
nerated by I lb. of charceral and l.g 15 lbs. of oak; 
confequently that the heat generated in the com­
bullion of I. S ' SIbs. of oaK, would heat 57.608 1bs. 
of ice.cold wa~er,-or lib. of oak, 3 1.741bs. of 
ice-cold water I So degrees , or caufe it to roil j­
were no part of tbe beat generated in tb~ combt!flion 
Pj tbe Fuel loj!. 

If now we fuppore the quantities of heat pro~ 
ducible from equal weights of dry oak and of dr}' 

5 pme-
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pine~wood to be equal,-( and there is reafon to 
believe that this fuppofition cannot be far from the: 
truth,)-we can efiimOlte the reallors of heat in each 
of the two Experiments b~rc mentioned, (No ... 4 
and No. 20, ) as alfo in every other cafe in~which 

the quantity of Fuel confumed, and the effeCts pro­
duceJ. by the heat, are known. 

Thus, for infiance, in the 20th Experiment, as 
the elfeEts aftually'indicated that with tbat part of 
the he'f generated in the cumbuflion of~ 1 lb. o£'the 
!\,<.:'i which cnter,·d the Bpi/er, ~w~'b·lbs . of ice-cold. . 
waleT migh t h:lvC b..:cn made to boil; as by the 
::::ho"c efiimale it appears that 31'!"b\ Ibs. of ice­
cold water might be made to boil with all the heat 
generated in the com bullion of J lb. of the Fud­
it is e"'irlent that about finc- third of the heat gene­
rated was loll; or ~ of it was raved. 

1'.7+ 
'l~h is lo[s is cenainly not greater than .ight- rea­

fonably have been expt:eted , efpecially when we 
confider all the various caufes which c.onfpire i.n 
producing it; and I doubt whether the Economy 
of Fuel. will ever be carried much further. 

In the Experiment No. 4., as the eff'e& pr().o 
duced by the heat which entered the Boiler iudi .. 
cated that no more than I.14Ib. of ic.e-cold water 
cO).lld have been made to boil with I lb. of the 
Fuel, it ap~ears that in this Experiment only about 
.;. th part of the heat geIl;erated was [aved_ 

In all the Experiments r.r:ade on a very large 
. feale, with Brewhoufe Boilers, rather more than 
OJ'le-hoJf of the heat generated found its way up [be 
chi.mi1ey, and was loft. 



CHAP. VI . 

.tf jhorl Account of a Number of Kilchem, public and 
private, and Fire-places f or 1JO' ;i OUS Ufos" "vhi,b 
haw been c0nflrut1cd under Ihe Dird lion' of-.• Uu! 
A uthor, in different Ploces.-Oj the Kitchen of 
th~ H OU SE oj IN DusT R y at MUNICH-Of that 
'if the MILIT A R Y A CA DE My- Of that of the 
M IL1 TA,RY 1\-1E ~~-1-!o usr:-'Tb.7t of the F AR M­
H OUSE . and /hoft belonging to the I NN in the 
ENCLl Sli C AR D EN at M m .. t c H.-Oj ,1,1/: Kil­
,hms of the HoJpilols of L A P I ETA and L", MI­

S£ R fC i1tl DIA at V £ RONA.-Oj a Jmall K it::hcn 
fitted up as a M odel ill the H01YC of .S IR JOHN 
SINC L AI R Bart. i ll LONDON. - Oj the Kitch:!l 
~ Ih, 'FOU N DLI N G liOJ PITA L in LONDON.-Of 
Il MILITAR Y K IT cHENjOr the UJc oj T Rbops in 
CAMI·.-Of a P OR T A BLE B OIL E R for the Uft of 
TROOPS on a MAR ca.-O/a large BOILE Rjittcd 
up as a ft1odc/ j r;r B L EAC l1f. R S at the LIN EN­

HALL in D UBLTN.-Of a Fire.placc f or COOK ­

I NG, and at the f ame Time WA RMIN", A LARGE 

H ALL j and of a P£RP£ TU AL O VEN , bot.? fitted 
up in tbe HOUSE of I NDusT R y at D UBLlN.--Of 

. tiu KnCH EN-LA UNDR V-CHIMNEY FUlE­

FLACES-,COTT AGl,i FIRE-PLA cE-ond Model 
'of 



0/ a LIME-KILN-fitted up in bEL AND in tl;: 
Hotife 0/ tbe DUBLIN SOCIETY. 

My Wial to give the moft complete information 
poffible with regard to the grounds on which 

the improvemcnts I propofe are" founded, has in. 
duced me to be very particular in my account of 
my Experiments, and of the conclufions and prac­
tical inferences I have- thought myfclf authorifed "to" 

'draw i-om them; and as tht:fc invell:igations have 
; ,"t:l}ti'ently led me inro abfirufe philofophical dlf~ 
quifitiqns which might not perhaps be very inte. 
rcfiiag to many of my rcaders, to whom a fimple 
account of my Fire-places, with direaions for ron­
HruO:ing them, might be really ufeful; in order to 
accommodate readers "of all defcriptions, I have" 
thought it beft to divide my fubjetl:, and" to referve 
what I have {till to fay on the mechank,al part of 
it,-tilt;: ConllruO:ion of Kitchen Fire-places,-for 
a feparate Elfay. In the mean time, for the in-­
formation of thofc who may have opponunitie.s of 
examining any of the Kitchens, or Fire-places, for 
other purpofes, which have already been conll:ruCted 
on my principles, under my direcrion, I have an. 
nexcd the following account of them, and of the 
particular merits and imperfeCtions of each of thelP,. 
This account, added to what has been faid in the 
forcgoing Chapters of this Effay on the conftruc~ 
tion of Fire-places, will, I :flatter myfetf, be found 

"flffficient to convey the fulldl information refpea~ 
ing the fubjea under confideration; and" enable 

thofe, 




