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The effe&t of a blow-pipe is well known, but I
do not think that the manner in which it increafes
the action of Flame has ever been fatisfattorily ex-
plained. It has generally been imagined, 1 be-
lieve, that the current of frefh air which is forced
through the Flame by a blow-pipe actually increafes
the quaritity of heat ; I rather fuppofe it does little
more than direét the heat oltually exifting in the
Flame to a given point. A current of air cannot
generate heat, without at the fame time being de-
compofed ; and in order to its being decompofed
in & fire, & muft be brought into aftual conta&
with the burning Fuel, or at leaft with the unin-
flamed inflammable vapour which rifes from it : =
But can it be fuppofed that there can be any thing
inflammable, and not attually inflamed, in the
clear, bright, and perfectly tranfparent Flame of a'
wax candle ?—A blow-pipe has however as fenfible
an effe@ when dire&ted againft the clear Flame of a
wax candle, as when it is employed to increafe the
altion of a common glafs-worker’s lamp.

Conceiving that the difcovery of the manner in
which the cuzrent of air from a blow-pipe ferves to
increafe the intenfity of the aftion of the Flame
could not fail to throw much light upon the fub.
jett under confideration,~namely, the inveftiga.
tion of the manner in which heat is communicated
to bodies by Flame,—~I made the following Expe-
riments, the refuits of which I conceive to be de.
cifive,

F3 Concluding
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Concluding that the current of air from a blow-
pipe, direted againft the Flame of any burning
body, could tend to increafc the intenfity of the
attion of the Flame only inone or both of thefe two
ways, namely, by increafing its a%ion upon the
body againft which it is direfted; or by actually
increafing the gquantity of heat generated in the
combuftion of the Fuel ; a method occurred to me
by which I thought it pofiible to determine, by ac-
tual experiment, to which of thefe caufes the effett
in queftion is owing, or how much each of them
might contribute to it. To do this I filled a large
bladder, containing above a gallon, with fxed air,
which, as is well known, is totally unfit for fup-
porting the combuftion of inflammable bodies, and
which, of courfe, could not be fufpetted of adding
any heat to a Flame againft, which a currenr of it
fhould be directed ; I imagined therefore that if a
blow-pipe fupplied with this air, on being directed
againft the Flame of a candle, fhould be found to
produce nearly the fame effe@t as when common
air is uled for the fame purpofe, it would prove to
- a demonfiration that the augmentation of the in-
tenfity of the attion, or adtivity of the Flame which
arifes from the ufe of a blow-pipe, is cwing to the
agitation of the Flame,—to its being direéted to a
point,—to the impetuofity with which it is made
to ftrike againft the body which is heated by it,—
and to the rapid fucceffion of frefh particles of this
hot vapour, and not to any pfitive increafe of beat,

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

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

The refults of thefe expenments were moft per-
fettly conclufive; and proved in a decifive man-
ner, that the effet of a blow-pipe, when applied to
clear Flame, arifes not from any real augmentation
of heat, but merely from the increafed 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 at; the effe®
of the blow-pipe on thefe éxperiments being to all
appearance quite as great when fixed air was made
ufe of, (which could net increafe the quantity of
heat,) as when atmofpheric air was ufed.

F4 But
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But conceiving the determination of this queftion
relative to the mannerin which Flamecommunicates
heat, to be a matter of much importance, I did
not reft my inquiries here: I repeated the expe-
viments very often, amd varied them in a great
number of different ways; fometimes making ufe
of fixed air; fometimes of atmofpheric air; and
at other times ufing dephlogifticated air; and
common air rendered unfit for the fupport of ani-
mal life and of combuftion, by burning a candle in
it till the candle went out.

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

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

no
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no doubt but the effet produced by blowing would
depend much upon the quality of the air made
ufe of. ; -

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

It is therefore againft the bottom of a boiler, and
not againit its fides, that the principal efforts of the
Flame mult be direfted ; for when the Flame, or hot
vapour, is permitted to rife freely by the vertical
fides of 2 boiler, it flides over its furface very ra-
pidly, and there being no obftacle in the way to

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

An Account of Experiments made with Boilers and
Fire-places of various Forms and Dimenfions ; fo-
gether with Remarks and Oblervations on their
Refults, and on the Improvements that may be de-
rived from them—dn Account of fome Experi-
ments made on a very large Scale in a Brew-houfe
Boiler.—An Account of a Brew-houfe Boiler con-
frructed and fitted up on an improved Plan.—
Refults of feveral Experiments which were made
with this new Boiler.—Of the Advantage in re-
gard to the Economy of Fuel in boiling Liquids,
which arifes from performing that Procefs on a
large Scale~Thefe Aduvantages are limited.—
An Account of an Alteration which was made in
the new Brew-houfe Boiler, with a wview to the
saviNe oF TiMe in caufing its Contents to boil.
— Experiments  fhowing the Effelts produced by
thele Alterations.—An Eftimate of the RELATIVE
QuanTITIES OF HEAT producible from Coaxs—
Pit-coaL—CHaRrcoaL, and Oak.—A Me-
thod of ¢ftimating the Quantity of Pit-coal which
would be neceffary to perform any of the Procgffes
mentioned in this Effay, in which Wood was ufed
as Fuel.—An Eflimate of the ToTAL QUANTI-
Ties of Heat producible in the Combuftion of dif-
Jerent Kinds of Fuel ; and of the real Quantities of

Heat
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Heat which are loff, under various Circumflances,
~in culinary Proceffes.

WeHAT has been faid in the foregoing Chapter
will, Itruft, be fufficient tc give my reader.
a clear and diftinét idea of the fupje& under con-
fideration, in all its various details and connec-
tions,—and enable him to comprehend, without
the fmalleft difficulty, every thing I have to add
on this fubjet; and particularly to difcover the
different objeéts I had in view in- the Experiments
of which I am now about to give an account, and
to judge with facility and certainty of the conclu-
fions 1 have drawn from their refults. _

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

It was moft fortunate for me that this regifter is
very voluminous ; for had it not been fo, I {hould
in all probability have taken it with me to England
laft year, and in that cafe I thould have loft it,
with the reft of my papers, in the trunk of which
I was robbed in paffing through St. Paul’s Church-
yard, on my arrival in London after an abfence of
eleven years

® T bave many reafons to think that thefe papers are ftill in being ;o=

what an evetlafting obligation fhould I be under to the perfon whe
would caufe themto be returned to me!
As
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As I forefaw, when I firlt began my mquu,:; '
-refpecting Heat, that I fhould have occafion to
make many Experiments on boiling Liquids, to
facilitate the regiftering of them I formed a Table,
(which T had printed,) in which, under various
heads, every circumftance relative to’any common
Experiment of the kind in queftion could be en-
tered with much regularity, and with little trouble.

As this Table may be ufeful to others who may

,be engaged in fimilar purfuits, and as the publith-
ing of it will alfo tend to give my reader a more
perfett idea of the manner in which my Experi-
menis were conducted, I fhall (as an example) give
an account okone Experiment, in the fame form in
which it was regiftered in one of thefe printed
Tables.

Thefe Tables, as they are printed for ufe, (on de-

tached fheets,) occupy one fide of half a fheet of
common folio writing-paper.



Axn EXPERIMENT on Tee MANAGEMENT or FIRE 1xn BOILING LI1QUIDS;
Made at [Muxicu], in [a Brew-houfe belonging to the Ele®or], the [15th] of [April 1795].

Time of | Fuel put into the Contents of the Boiler. i 3
] 3 Height of the Barometer, 26;% Inches; of Thermometer, 587,
‘_h_' Day. Fire-piace. Dimensions of THE Borren.
e — = bave or long 10 Feer.
. | = T Diameter {‘ : -
512 INumb.oof In |of et:epfia;:g. Kind of In ' o i Tt
= 2 | Pieczs. Weight. Liquid, {Meafures.| Weight Decp, 4 Fce!-—\'fa, couftruéted of [Copper], and weighed
s i ] " ght. [not known] ; contained of Water 8176 Meafures, weigh-
" ms 14643 lbs.
Ibs. Ibs.
9 j.Js 29 100 60: [(Water]. | 6983 | 12508 Kinp or Fver vszp.—[Pine-wood,
== 2? 2 g: ?_9 Moderately dry, in Lengths of 6 Feet.]
_’_“: ’-i ; gg :g:: Gexerat ResurTs or the ExrerIMENT,
— | 46 7 50 120° . S0 gk h. min.
111 o 7 50 130° Time employed to make the Liquid boil, — (3 40]
| % y o oy Fuel sonfumed to make the Liquid boil, == [So0] Ibs.
il 58 8 50 1457 ) oo . p h. min,
— | 43 o 5o 155° Timesthe Liquid cnntmu_ed to ho‘|l, — - 2 43
— |50 v 50 1637 Fuel added to keep the Liguid boiling, — 100 ibs,
1| 8 %o 173° Quantity of the Liquid evaporated [not obferved].
— ] o
—_ ;:: 1; "sg ;q:" \ Precise ResveT,
-5 i ey [boited]. With the Heat generated in the Combuftion of 1 Ib. of the Fuel,
|3 7 50 i | [r3.231bs.] of ice-cold Water made to boil §
2|35 7 50 -— or [339.80 Ibs ] of boiling-hot Water kept boiling 1 Hour.
3{38] — — | [ceafed boil- i . 2
ing]- | .

gl

oa Jo mamalouny o f,
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Every thing in this Table, except fuch figures
and words as are printed between crotchets, is con-
tained in the printed forms: Hence it is evident
how much thefe Tables tend to diminith the trouble
of regiftering the refults of Expenmcnts of this
kind, and alfo to prevent miftakes.

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

The height of the baromefer is exprefled in Paris
inches ; that of the thermometer in degrees of
Fahrenheit’s fcale.—The other meafures, as well
of length as of capacity, are the common meafures
of the country (Bavaria) ; and the . weight is ex-
prefled in Bavarian pounds, of whlch 100 make
123.84 Ibs. Avoirdupois.

What is entered under the head of GenErAL
RresuLTs ofF THE EXPERIMENT, requires no ex-
planation ; but what I have called the Pr 5@131?.
REesurT muft be explained.

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

VOL. II. Eg mercury
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mewnry in the barometer, it became neceffary te
‘make proper allowances for thefe differences. This
I thought could beft be done by determining, by
computation, from the number of degrees the
water was. acfually beated, and the quantity of Fuel
confuméd in heating it that number of degrees,
how much: Fuel would have been required to have
it heated 180 degrees, or from the point of freezing
to that of boiling water (the boiling point being
taken equal to the temperature indicated by 212°
of Fahrenheit’s thermometer, which is the boiling
point under the mean preflure of the atmofphere
at the furface of the fea): Then, by dividing the
weight of the water ufed in the Experiment, (ex-
prefled in pounds,) by the weight of the Fuel ex-
prcﬁ'ed. in pounds neceflfary to heat it 18¢ degrees,
or from the temperature of freezing to that of
boiling water ; this gives the number of pounds of
ice-cold water which (according to the refult of the
given Experiment) might pave been made to boil,—
with the heat generated in the combuftion of 1 Ib.
of the Fuel, under the mean preflure of the at-

molphere at the level of the furface of the fea.
The city of Munich, where all the Experiments
were made of which 1 am about to give an account,
being fituated almoft in the centre of Germany,
lies very high above the level of the fea. The
mean height of the mercuiy in the barometer is
only about 28 Englith inches, confequently water
boils at Munich at a lower temperature than at
London. The difference is even too confiderable
to
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to be negleted, it amounts to' 2% degrees of Fah-
renheit’s {cale,—being 209: degrees at a medium
at Munich, and 212 degrees in all plices fituated
near the level of the fea. To render the refults of
my experiments and computations mote {imple and
more generally ufeful, I fhall always make due
allowance for this difference.

Having, from the atual refult of each Experi-
ment, made a computation on the principles here
defcribed, thowing what (for the want of a better
expreflion) I have called the Precife szu!r of the
Experiment, it is evident that thefe computations
fhow very accurately the comparative merit of the
mechanical arrangements, and the management of .
the Fire in conduéting the Experiments, in as far
as relates to the Economy of Fuel; for the more
ice-cold water that can be made to boil with the
heat generated in the combuftion of any given
quantity (1 lb. for inftance) of Fuel, the more
perfet of courfe (other things being equal) muit
be the conftrution of the fire-place.

Under the head of Prrcise Resurt I have
fometimes added another computation, fhowing
how much ¢ boiling-hot water”’ might, according to
the refult of the given Experiment, be &ept boiling
“ one hour’’ with the heat generated in the combuf-
tion of ¢ 1 lb. of the Fuel.” ThoughI have called
this a Precife Refult, it is evident that in moft cafes
it cannot be confidered as being very exaét, owing
to the difficulty of eftimating the quantity of Fuel
in the fire-place, which is wnconfumed at the moment
when the water begins to boil.

VOL. 11, G In
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In the foregoing example in making this com-
putation I fuppofed that, when the water began to -
boil, there was wood enough in the fire place un-
confumed to keep the water boiling 43 minutes,
and that the wood added afterwards (100 1b.) kept
the water boiling the remainder of the time it boil-
ed, or juft 2 hours.

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

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

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

Ea.?e-:
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Experiment, No. 5.

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

Experiment, No. 6.

The firft kitchen of the Houfe of Induftry hay-
ing been pulled down, it was afterwards rebuilt on
a different principle. Inftead of Copper Boilers,
Iron Boilers of a hemifpherical form were now
ufed, and each of thefe Boilers had its own feparate
clofed fire-place. The Boiler being fufpended by
fts rim in the brick-work, and room being left for
the flame to play all round it. The fmoke went
off into the chimney by an horizontal .canal, 5 .
inches wide and 5 inches high, which was con-
cealed in the mafs of brick-work] and which open-
ed into the fire-place on the fide oppofite to the
opening by which the Fuel was introduced.

The Fire was made on a flat iron grate placed
directly under the Boiler, and diftant from its bot-

tom about twelve inches. The afh-pit door was fur-
Gz nifhed
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nifhed with a regifter; but thete was no damper
to the canal by which the fmoke went off into the
chimney, which was a very great defet. The
opening into the fire-place was clofed by an iron
door. Each of thefe Iron Boilers weighed about
148 Ibs. Avoirdupois, was 25! Englifh inches in
diameter, and 14.935 inches deep, and contained
19of lbs. Bavarian weight of water, equal to
245.91 lbs.” Avoirdupois, or about 285 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 effentially different from that
of kitchens for hofpitals, as they are commonly
conftrutted.

From Experiments made with care, and often re-
peated, I found that to prepare 89 portions (or
89 lbs. Bavarian weight) of peas-foup in one of
thefe Boilers, 43 Ibs. of dry beech-wood were re-
quired as Fuel, and that the procefs lafted four
hours and an half: This gives 0.483 of a pound
of wood for each pound of the foup.

In the firft arrangement of this kitchen, only
0.3 of a pound of wood was required to prepare
1 ib. of foup: Hence it appears that the kitchen
had not been improved,—confidered with a view
to the Economy of Fuel,—by the alterations which
had been made in it. This was what 1 expetted ;
for the objett I had in view in confiruéting this.
kitchen was not to fave Fuel, but to find out
how much of it is walted in culinary proceffes, as

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

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

Experiments, No. 7 and No. 8.

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

G 3 Though
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Thoug’h there was no damper in this canal,
yet as its entrance or opening, where it joined the
canal which went round the Boiler, was confider-
ably reducéd in fize, this anfwered (though im-
perfettly) the purpofe of a damper. This fire-
place being completed and a fmall Fire having
been kept up in it for feveral days to dry the ma-
fonry, the Experiment was made by preparing the
fame quantity of the fame kind of foup in this, and
in 2 neighbouring Boiler whofe: fire-place had not
been altered.

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

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

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

The refult of this interefting Experiment was as
follows :

Experiment |Experiment
No. 7. No. 8.
In the Boiler
F No. &
In ;u: Eoiler with the im-
bt rioved Fire-
place.
2 I
uanmg' of wood confumed in cook-
9 lbs. Bavarian weight of
Ptaa-foup -------- 27 lbs. 14 1bs.

Thefe
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‘Thefe Experiments were made on the #th of
November 17g4. On repeating them the next day
with pine-wood, which had not been previoufly
dried in an oven, the refult was as follows :

Experiments, No. 9 and No. 10.

{Experiment 'Expcrimeht
No. q. No. 10,

in the Boilir
Roi No. B,
’ES: . iar with the im-

proved Firé-
place.

Q_?antity of wood confumed in cook-
ing Bg lbs, of Peas-foup - - -| 39lbs. 16 1bs.

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

In the Experiment No. 6. it was found, that
43 Ib. of dry beech-wood were neceffary, when ufed
as Fuel,. to prepare 89 Ibs. of Peas-foup. In the
Experiment No. 7. the fame procefs was per-
formed with 37 1b. and in the Experiment No. 9.

G4 with
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with gglb. of dry pine. . But I fhail have occafion
to great this fubject more at length in another place.
In.the mean time I would, however, juft obferve,
that all my Experiments have uniformly tended to
confirm the fa, that dry pine-wood affords more
heat in combuftion than dry beech. I have reafon
to think the difference is in fat greater than the
Experiments before us indicate; but the apparent
amount of it will always depend in a great meafure
on the circumftances under which the Fuel is con-
fumed ; or, in other words, on the conftru@ion of
the fire-place ; and it is no fmall advantage attend-
ing the fire-places I fhall recommend, that they are
fo contrived as to increafe, as much as it is poffible,
the fuperiority of the moft common and cheapeft
fire-wood over that which is more fcarce and
coftly.

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

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

But to proceed to the prmmpal obje& I had in
view in thefe Experiments ;—the determination of
the effects of the difference in the conftruction of
the two fire-places ;—the difference in the quantity
of Fuel expended in the two-fire-places in per-
forming the fame procefs, thows, in a manner
which does not ftand in need of any illuftration,
how much had been gained by the 1mprovcments
which had been mtmdu(.ed

Conceiving it to be an objet of great import-
ance to afcertain by attual experiment, and with as
much precifion as pofiible, the real amount of the
advantages, in regard to the Economy of Fuel, that
may be derived from improvements in the forms of
fire-places, 1 did not content myfelf with improv-
ing from time to time the kitchens I had con-
ftructed, but I took pains to determine how much
I had gained by each alteration that was made.
This was neceflary, not only to furnith myfelf
with more forcible arguments to induce others to
adopt my improvements, but alfo to fatiqu myfelf
with regard to the progrefs I made in my in-
veftigations.

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

the
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the flame could pafs freely all round them, and the
fmoke went off in horizontal canals which led to
the chimney, but which were not furnithed 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 clofed. The
ath-pit door was furnithed with a regifter, and the
Boilers were all furnifhed with double covers.

Having, in confequerce of the progrefs I had
made in my inquiries refpecting the Management of"
Heat and the Economy of Fuel, come to a refolu-
iion to pull down this kitchen, and rebuild it on zn
- improved principle; previous to its being demo-
lithed, I made feveral very accurate Experiments to
determine the real expence of Fuel in the fire-
places as they then exifted, with all their faults ; and
when the new arrangement of the kitchen was
completed, I repeated thefe Experiments apith the
Jfame boilers ; and by comparing the refults of thefe
two fets of Experiments, I was able to eftimate
with great precifion the real amount'of the faving
of time as well as of Fuel,—which were derived
from the improvements I had introduced.

After all that has been faid (and perhaps already
too often repeated in different parts of this Effay)

on
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on the conftruction of fire-places, my reader will
be able to form a clear and juft idea of the conftruc-
tion of thofe of which 1am now fpeaking, (thofe of
she kitchen of the Military Academy, in its prefent
improved ftate,) when he is told that the Fire
burns on a circular concave iron grate, about half
the diameter of the circular Boiler which belongs to
the fire-place ; that the fire-place, properly fo call-
ed, is a cylindrical cavity in the folid brick-work
which fupports the Boiler, equal in diameter to the
circular grate, and from fix to ten inches high,
more or lefs according to the fize of the Boiler;
that the Boiler is /et down on the top of the cir-
cular wall which forms this fire-place, a fmall open-
ing, from three 1o four or five inches in length
taken horizontally, and about two or three inches
high, being left on one fide of this wall at the top
of it, that the flame which burns up under the
middle of the bottom of the Boiler may afterwards
pafs round (in a fpiral canal conftruted for that
purpofe) under that part of the bottom of the
Boiler which lies without the top of the wall of the
fire-place on which the Boiler repofes. The flame
having made one complete turn under the Boiler in
this fpiral canal, it rifes upwards, and going once
round the fides of the boiler, goes off by an hori-
zontal canal, furnifhed with a damper, into the

chimney. )
In ordex that the top of the circular wall of the
fire-place on which the Boiler is feated, may not
| 18 ' cover
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cover too much of the bottom of the Boiler, its
thicknefs is fuddenly reduced in that part (that is
to fay juft where it touches the Boiler) to about
half an inch.

The opening by which the Fuel is introducea
into the fire-place, is a conical hole in a piece of
fire-ftone, which hole is clofed by a fit ftopper made
of the fame kind of ftone. The afh-pit door and
its regifter are finithed with fo much nicety, that
when they are quite clofed the Fm: almoft inftan-
taneouily goes out.

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

. above - 14.935
Diameter below - 13.39 Tnches, Englith meafure.

Depth - - - - 14.52

It weighs 37 Ibs. Avoirdupois; and it contains,
when quite full, about 73 Ibs. Avoirdupois, equal
to 84 gallons (wine-meafure) of water.

In two Experiments with this Boiler, which were
both made by myfelf, and in which attention was
paid to every circumftance that could tend to ren-
der them perfet, the refults were as follows :
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Quantity of Water in the Boiler,
in Bavarian pounds -
Trmptrdturc of the water in the
Boiler at the beginning of the
Exper:ment
Time cmployrd in makmg thc
water boil
Wood con{'umcd in makmg thc
water beil, in Bavarian pounds -
Time the water continued boil-
ing O
Wood =zdded to kEep the water
boiling
Kind of wood ufed

Precife Reful:s.

Ice-cold water heated 180 degrees,
or made tn boil, with 1 Ib. of
wnod

Boiling-hot water kept bmhng
1 howr, with 1 Ib. of wood

93

Experiment | Experiment
No. 11. No. iz.
The firft  [The impraved
Fire-place. | Fire-place.
43.631bs. | 43.63 Ibs..
590 Go®
67 min. 30 min.
g Ibs. 3 lbs.
-!2 hrs. 2 min.{ 3 hours
5 Ibs. 2 Hbs.
Pine Pu‘lc
4.02 lbs. 11.93 Ibs.
17.74 lbs. 52.36 lbu.
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The following Experiments were made with two
Copper Boilers, (No. 1 and No. 2.) nearly of the
fanze dimenfions, in the kitchén of the Military
Academy at Munich, in the prefent improved ftate
of that kitchen. Thefe Boilers are round and deep,
and weigh each about 62 lbs. Avoirdupois. They:
belonged originally to the kitchen of the Houfe of
Induftry, being two of the eight Boilers which, in
the firft arrangement of that kitchen, were heated,
by the fame Fire.

Their exatt dimenfions, meafured in Englifh
inches, are as follows :

The Boiler y The Boiier
l No. 1. l No. 2.
Inches. Inches.
P {abuvc —_ 22.66 22.66
below  =— 19.82 20.85
Depth == —  — 24.72 22.04

At the beginning of each of the following Ex#¥
periments, each of thefe Boilers contained juft g5
mezfures (or Bavarian magffe) of water, weighing
187 Ibs. Bavarian weight, (equal to 232.58 Ibs.
Avoirdupois,) or a trifle lefs than 28 gallons.

The grate on which the Fire was made under
each of thefe Boilers is circular and concave, and
11 inches in diameter ; and their fire-places are in
all refpeéts fimilar to that jult defcribed (Experi-
ment No. 11.). Both Boilers are furnithed with
double covers,

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

uantit}\of water in
the DBoiler in the
beg'inningofthe Ex-
periment - - -
Temperature of the
water in the Boiler
at the beginning of
the Experiment -
Time cmployed in
making the water
botl - - - - -
Wood confumed in
making the water
beil - - - - -
Time the water con-
tinued to boil - -
%mtity of Fuel add-
ed to keep it boil-
ing this time - -
Kiud of wood ufed as
Fuel - = - -

ng? Refulis of the
xperimenis.
Ice-cold water heated
180% or made to
boil, with the heat
generated in  the
combuftion of 1 lh.
of the Fuel - -
Boiling water kept
boiling one hour,
with the heat gene-
rated in the combuf-
tion of 1 lb."of the
wood

- - - =

Experiment | Experiment| Experiment| Experiment
No. 17, No. 14. No. 15. No. 16,
Ibs. Ibs. Ibs. Ibs.
187 187 187 187
610 | s9° 64 | 558
min. min, min. min.
78 61 61 62
Ibs. Ibs. 1bs. Ibs.
1z 13 9 8
min. min,’ min. h. mind
17 28 2 19

1bs.
—_ o - &
Beech | Beech Pine Pine
1bs. Ibs. 1bs. Ibe.
12.8 14.15 | 16.89 20
Ths:
— -_— — 108.40
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All the foregoing F.xperiments were made on
the fame day, (the 13th of O&ober 1794,) and in
the fame order in which they are numbered.

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

Experim. | Experimn. | Experim. | Fxgerim. | Experim.
No. 17. | No. 18, | No. 1y. | No. 20. | No. 21.

Quantity of water in the
Bailer at the beginning
of the Ixperiment, in| lbs. 1bs. Ibs. Ibs. Ibs.
Bawvarian pourds -1 187 187 187 187 187

Temperature of the wa-
ter in the Boiler at the
begihning of the Ex-

periment —_ —| 61° 530 6o £5o 2120
Time employed in mak-| min. min. min. min.

ing the water boil — 75 55 57 fo —
Wood confumed in mak- Itss. Ibs, ILs. Ibs.

ing the water boil — ¥ 11 9 8 —
Time the water continu.| min. min. mim. h. min. | n. min,
edtoboil — —| 21 17 8 2 29 | 1 e
Wood added to keep the] ib. tbs. 1bs.

water boiling e — H —
Rind of woud ufed —| Beech Beech Pine Pine Beech

Precife Refults.
Ice-cold water heated

1809, or made to boil,| 1bs. Ibs. 1bs. 1bs.

with 11b. of wood —| 13.92 14:13 17.59 20.10 -
Boiling-hot water kept

boiling one hour with Ibs. 1bs.
zlb. of wood = —| - - —_— 132.68 | 145.44

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

other Experiment I have ever made.
In
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In the following Experiments, which were made
in a large Copper Boiler fitted up on my moft im-
proved principles, belonging to the kitchen of the
Houfe of Induftry, the Economy of Fuel was car-

nearly as far.

Th¥s, Boiler, which is circular, is 42;. Enghﬂx
inches in diameter above; 42.17 inches in dia-
meter below; and 18.54 inches deep. It weighs
78 £ 1bs. Avoirdupois; and contains, awvhen quite
full, 7141bs. Bavarian weight (= 8841bs. Avoir-
dupois, or 106 gallons) of water, at the tempera-
tureof 55°

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

To prevent ftill more effeCtually the efcape of
the Heat through the wooden cover of the Boiler,
the upper furface of it is protected from the cold
atmofphere’by a thick circular blanket covered on
both fides by ftrong canvas, which is occafionally

thrown over it.

VAL L. H Though
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Though the diameter of. this Boiler below i3
morte than 40 inches, the diameter of its fire-place
(which is juft under its centre) is only 11 inches;
but as the flame makes two complete turns under
the bottom of the Boiler in a fpiral canal, and_g=c
turn round it, the time required to heat.it i not {o
great as, from the fmailnels of its fire- placc, might
have been expected.

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

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

The following Table fhows the refults of five
Experiments that were made with this Boiler by

mylelf, juit after it was fitted up :

Quantity of water in the
Boiler, im Bavarian
pounds

") emperature of the w.=
ter at the boginning of
the Experiment

Time requited to make
the water poll — —

Tuel employed to make
thz water boil

Time the water conti-
nucd boiling

Fuel added 1o keep the
water boiling  w=  —

— e —

Preciae Rzsvrs of

the Experiments.

With ths heat generated
in the combuftion of
1 1b. of the Fucl,

Ice-cold water heated
1800, or made to buil

Or  boiling-hot  water
Jeept boiling vae hour

Txperim. | Experim. | Experim. |Experim. |Experim.
No. 22. No.23. | No. z4. | No.25. | No. 26.
Ibs. Ths, Ibs, Ibs. Ibs.
508 127 254 508 508
48° 4Rv 96% 48 430
h. min. min. h. min, | h. min. | h, min.
2 4 51 115 2 '4E 3 i
1bs. lbs. Ibs. Ihs, Ibs.
24% 8% 123 25 24

= . h.
3 s = 3 o
Ibs. Ibs.

6% = - 4t -
Ibs 1bs. Ihs. Ibs. Ibs.
18.37 12 74 12 69 17.48 1¢e0T

236.61. —_ —_— l 318.66

W’;.hout
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Without ftopping to make any obfervations on
the refults of thefe Experiments, (though they
afford matter for feveral of an interefting nature,)
I fhall proceed to give a brief account of another
&6qf Experiments, on a much larger fcale, which

de in the Copper Boiler of a Brewery be-
longing to the Elector.

This Boiler, which is retangular, is ten feet
long, eight feet wide, and four feet deep, Bavarian
meafure*, and contains 8176 Bawarian maaffé, or
meafures, equal to 1866 gallons wine meafure.
On examining this Boiler, I found its fire-place was
conftructed on very bad principles; and on in-
Guiring refpecting the quantity of fire-wood con-
fumed in it, I found the wafte of Fuel to be very
great.

This Brewery is ufed for making f{mall white
beer, (as from its pale colour it is called,) from
malt made of wheat; and as it is worked all the
year round, the expence of Tuel was very great,
and the economy of it an objett of confiderable
importance.

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

In the pew ﬂre-place which I caufed to be con-
fEructed for this Boiler, the cavity under the Boiler

* 390 Bavarian inches are equal to 952 inches Englifh meafure.

H 2 Is
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is divided into three flues, by thin brick walls which
yun in the dire@ion of the length of the Boilet.
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 2o inches wide, and-56
inches long ; and the opening by which the Zuel is
introduced into the fire-place is clofed by two iron
doors, placed one behind the other, at the diftance
of eight inches. The grate, which is placed at the
hither end of the fire-place, is horizontal, and it is '
fituated about twenty inches below the bottom of
the Boiler. The air which ferves to feed the Fire,
18 let in under the grate through a regifter in the
afh-pit door.

When the double doors which clofe the en-
trance into the fire-place are fhut, the flame of the
burning Fuel firft rifes perpendicularly againft the
bottom of the Boiler ; it then paffes along ta the
farther end of the (middle) flue, which conftitutes
the fire-place, where it {eparates, and returns in
the two fide flues; it then rifes up into two hori-
zontal flues (one fituated over the other) which go
all round the Boiler ; and having made the circuit
of the Boiler, it goes off into feparate canals (fur-
nithed with dampers) into the chimney.

‘Though the Figures 17 and 18, Plate II. are not
drawings from the fire-place I am now defcribing,
but of another which I fhall foon have occafion to
delcribe, yet an infpection of thefe figures will be
found ufeful in forming an idea of the principles
on which the fire-place in queftion was conftruéted,

and



and the Economy of Fuel. 10

and on that account I fhall occafignally refer to
them.

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

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

Some may be tempted ta fmile at what they may
think a childith invention; but there are many
cthers, 1 am confident, and among thefe many
grave philofophers, who would have been very
glad to have fhared my amufement.

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

H 3 expreffion)
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expreflion) is fufficiently large tc afford 2 good view
of what paffes in the fire-place.

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

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

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

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

From the top of this cover, an open wooden
tube, (m, Fig. 17.) about i2 inches in diameter,
rifes up perpendicularly, and going through the

10of of the Brewhoult, ends in the open air. This
4 tube,
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tube, which is furnithed with a wooden damper, is
mtended to carry off the fteam.

On the fide of this cover next the mafhing-tub,

as alfo on that oppofite to it, by which the wort
runs off into the coolers, there are large foj.dxt‘g
wooden doors, (i and #, Fig. 17.) which ar€ occa-
fionally lifted up by means of ropes which pafs over
pullies faftened ‘to the ceiling of the Brewhoufe.
' There are likewife two glafs windows (fee
Fig. 17.) in two oppofite fides of the cover,
ihrough which, as foon as in confequence of the
boiling of the liquid the {team becomes tranfparent
and invjfible, (which happens in a very few minutes
after the liquid has begun to boil,) the contents of
the Boiler may be diftinétly feen and examined.

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

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

afh-
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ath-pit door, the fire-place door be fuddenly open-
ed, it will frequently happen that fmoke, and fome.
times flame, will rufh out of the fire-place by this
paffage. 'This accident may be eafily and effect-
ually prevented, either by opening the damper, or
by clofing the regifter of the afh-pit door, the mo-
ment before the fire-place door is opened.—Thig
precaution fhould be attended to in all fire-places
of all dimenfions, conftruéted on the principles 1
“have recommended.

To economife the time and the par:m:e of my
reader as far as it is poffible, without fupprefling
any thing eflential relating to the fubjeét under
confideration, I fhall give him, in a very fmall
compals, the general refults of a fet of Experi-
ments which coft me more labour (or at leaft more
time) than it would coit him ta read all the Effays,
I have ever written. T believe I am fometimes too
prolix for the tafte of the age,—but it fhould be
remembered that the fubjets I have undertaken to
inveftigate are by no means indifferent to me;—
that I conceive them to be intimately connefted
with the comforts and enjoyments of mankind ;—
and that a habit of revolving them in my mind,
and refleCting on their extenfive ufefulnefs, has
awakened my enthufiafm, and rendered it quite im-
poflible for me to treat them with cold indifference,
however indifferent or tirefome they may appear to
thofe who have not been accuftomed to view them
in the fame light.

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

(%gantit}' of water in the Doiler -
Temperature of the water in the
Boiler at the beginning of the
Experiment - - - - . -
Time required to make the wat-r
boil =« - = = =« = « -
Fuel employed to make the water
boll = « & & = & w =
Ti{nc the water continued boil-
g - = = = = = - =
Fuel added to keep the water
boiling - - - - - - -
Kind of Fuel ufed - - - - -
Preciszs Rrsurrs of the
Experiments.

uvantity of iece-cold avater which
might be heated 1807, or made
to boil, with the heat ‘gene-
rated in the combuilion of 1 2.
of the Fuel s om e g e
Trme in which, according to the
refult of the Experiment, fee-
eold awater might (at Munich)
be made to borl with the given
proportion of Fuel - - - -
Qj}antity of  doiling-hot  awater
QN 501?.5:.";’ one bour with the
heat generated in the com.

buftion of 1 Ib. of the Fud -

Experiment
No. 27,

[ 12;5;5 ih:

60°

i 2 h. 40 min.
8co lbs,

2 h. 43 min.

100 lbs.
Pine-wood

12.006 1hs.

{ 4 h. 20 min,

339.80Ibs.

I {thall now

LExperiment
No. 28.

12,508 lbs.

§5°
3 ho 48 min,

R251bs.

Pine-wood

12,50 lbs.

4 h. 20 min.
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On comparing the refults of thefe-Experiments
with thofe made in the Boilers of the kitchens of
the Houfe of Induftry and Military Academy, 1
was led to imagine that either the Boiler, or the
fire-place of the Brewery, or both, were capable
of great improvement ; for in fome of the Experi
ments with thefe fmall kitchen Boilers, the Ece-
nomy of Fuel had been carried {o far, that with
the heat generated in the combuftion of 1lb. of
pine-wood, it appeared that zolbs. of ice-cold
water might have been made to boil; but here,
though the machinery was on a fcale fo much larger,
(and T had concluded, too rafhly indeed, as will be
thown hereafter, that the larger the Boiler the
greater is of courfe the Economy of Fuel,)—the
refults of thefe Experiments indicated, that not quite
131bs. of ice-cold water could have been made to
boil with the hcat furnifhed in the combuftion of

1lb. of the wood.

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

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

‘This . unexpefted refult puzzled me;—and I
muft own that it vexed me, though I ought per-
haps to be athamed of my weaknefs ;—but it did
not dilcourage me. I'mchng on examining the
Boiler, that its bottom was very thick, compared
with the thicknefs of the theet copper of which my
kitchen Boilers were conftrutted, it occurred to
me that poflibly tbat might be the caufe, or at leaft
one of the caufes, which had made the confumption
of Fuel fo much greater than I expeted; and as
there was another Brewhoufe in the neighbour-
hood belonging to the Eleétor, which, luckily for
me, ftood in need of a new Boiler, I availed myfelf
of that opportunity to make an Experiment, which
not -only decided the point in queftion, but alfo
eftablifhed a new fact with regard to heat, which I
conceive to be of confiderable importance.

. Having obtained the Elettor’s permiffion to ar-
range the fecond Brcwhoufe as I fhould think beft,
I determined to fpare no pains to render it as per-
fe@t as poflible in all refpeéts, and particularly in

every
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every thing relating to the Economy of Fuel. As
in brewing, ih the manner that bufinefs is carried
on in Bavaria, where the whole procefs, in as far as
¥ire is employed in it, is begun and finithed in the
courle of a day, #he [aving of time, in heating the
water and boiling the wort, is an obje& of almoft
as much importance as that of economizing Fuel,
and confequently demanded particular attentioms: .

The means I ufed for the attainment of both
thefe.objects will be evident from the following de-
feription of the Boiler and its fire-place, which I
caufed to be conftructed, and which are reprefented
in all their details in the Plates III, IV, and V.

This Boiler is 12 (Bavarian) feet long, 10 feet
wide, and only 2 feet deep. The fheet copper of
which it is made is uncommonly thin for a Boiler
of fuch large dimenfions, being at a medium lefs
than one-tenth of an Englifh inch in thicknefs. This
Boiler, when finithed, weighed no more than
674 1bs. Bavarian weight, equal to 834} Ibs. Avoir-
dupois, exclufive of 64 Ibs. of copper nails ufed in
rivetting the fheets of copper together.

The top of the Boiler is furrounded by a ﬁrong
curb (a, b, Fig. 17.) of oak timber, to which it is
attached by ftrong copper nails, and over the Boiler
is built a roof, or ftanding cover, (fee Fig. 17.)
fimilar in all refpects to that alreacy defcribed. The
bottom of the Boiler is flat, and repofes horizon-
tally on the top of the thin brick walls by which
‘the fire-place is divided into flues. (See Fig. 18.)—
Thefe flues do not run in the direction of the length

of
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of the Boiler. but from one fide of it to the
other ;—coniequently the door of the fire-place is
in the middle of one fide of the Boiler.

The theets of copper, of which the bottom of
the Boiler was conftrufted,, run in the direfion
of the flues; and they are juft o wide that their
feams or joinings (where they are united to each
oth€r by their fides) repofe on the walls of the flues,
except only in the middle flue, which, being about
twice as wide as the others, one feam was neceffarily
left unfupported, at leaft a confiderable part of its
length.—The fheets of copper ufed in conftruéting.
this part of the bottom of the Boiler are rather
thicker and ftronger than the reft: They are juft
o.118 of an Englith inch in thicknefs.

The fire 15 made under this Boiler in the middle
flue, which, as 1 have juft obferved, is a littlz more
than twice as wide as one of the other flues. Therc
are five flues under the Boiler ; namely, one in the
middle 44 inches wide, above, in the clear, (which
conftitutes the fire-place,)—and 7w on each fide
of it, in which the flame circulates ; one 20 inches
wide, and the other 19 inches wide.

The fide flues are each 14} inches deep ;—but as
the walls which feparate them are much thicker
below than above, where the bottom of the Boiler
repofes on them, the width of thefe flues below is
only 13 inches.—The walls of thefe flues are fhown
by dotted lines in Fig, 17.

The walls which feparate the flues do not run
quite from one fide of the Boiler to the other; an

15 opening



and ‘the Economy.of Fuel, T

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 flame from one flue into another, with.
out its going from under the Builer.

The Fire being made (on a circular grate) in the
middle flue (fee Fig. 18.), the flame pafles on in
this flue to its farther end, and then, dividing to
the right and left, comes forward in the two ad-
joning fide-flues. Having arrived at the wall
which fupports the front of the Boiler, it turns
again to the right and left ; and, entering the two
outfide flues, returns in them to the back "of the
Boiler. Here it went out (before the fire-place was
altered) at two openings left for that purpofe in the
wall which fupports the back part of the Boiler,
and the two curreats of flame uniting, entered a
canal 7 inches wide, apd 16 inches high, which
goes all round the outfide of the Boiler. (See
Fig. 2o.} Having made the circuit of tht?fBoilcr,
it went off by a canal (furnifhed with a damper)
into the chimney.

From this defcription of the ﬂrc-place, it appears
that the flame and fmoke generated in the com-
buftion of the Fuel in pafing through thofe dif-
ferent flues, made a circuit of above 7o feet, in
contalt with the furface of the Boiler, before they
were permitted to efcape into the chimney. This
I thought muft be fufficient to gm_ thefe hot fluids
an opportunity of communicating to the Boiler all
the heat they could part with, notwithftanding the
difficulties which attend their getting rid of it : And
I concluded that the communication of their heat

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

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

An Account of three Experiments made at Mu:
nich the 1oth O&ober 1796, with the new
Boiler in the Brewery called Neubeufel, be-
longing to m1s mosT SERENE Hicuness the
Eieeror.—The weather being fair: The
barometer ftanding at 28 Englifh inches, and
Fahrenheit’s thermometer at 36°.

Dimenfions of the Boiler, {n}Leng‘th 11 feet 6.0z inches,

Englifh meafure, as found pWidth g — %.723
by a&ual admeafurement, Depth 2 — o0.20§ —

Contents of the Boiler, when quite full to the brim, 14,163 Ibs.
Bavarian weight of water, at the temperature of §5°, equal
to 17,540lbs. Aveirdupois, or 2099 wine gallons.

The Boiler attually contained of water, }

in Bavarian weight

in the beginning of each of the two . —Besolke

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

The wood ufed in this and the following Experiments was
Pine, which had been modcrately feafoned, and the billets were
3 feet 41 inches, Englith meafure, in length.

FirsT



FIRST EXPERIMENT WITH THE NEW BOILER.

Experiment, No. 29.

. ; T'emperature of
Time. F‘:ﬁ"wlgpd PEt 5o the wl;.tcr in the
e Fire-place. Boiler.
Number vaniity | In degrees of Fah-
Hours. Mia, Buess. | imweigh. | - reabeits Theom:
Ibe.

11 31 A.M. 10 50 50"
- 46 — I 25 54
12 o0 =— § 25 64
— 10 PM 5 25 64
— 40 — 4 25 -
o= 5§ wa 5 25 96
I o1z — 7 25 10§
- 21 - 10 50 110
— 46 P 10 50 129
— 58 — 40 50 —
2 17 - 46 [ 156
— 2Q = — — 16*
— 34 — 10 50 —
— 41 - — o 173
— 49 - — - 180
58 - 40 50 185
3 15 = 12 3o 197
—_ 26 - 20 25 20§

3 35 = —_ —  [the water boiled.

VYOL. 1I1.

Wood confumed, 575lbs.



The boiling water being let off, and it being re-
laced immediately with cold water, the Experi-

was repeated as follows :

Experiment, No. 30.

Quantity of Fire-

Temperature of

Time. wood put into the|the water inthe
Fire-place. Boiler.
g Number of pancty | In degrees of Fah-
Hours. Min. Eillets. i::l'wcigh{ rtntfiit'l Therm.
Ibs.
4 41 P.M. 40 50 60°
— 50— 40 50 72
5 4 =~ 10 50 86
—_— 16 - 10 50 99§
-— 2 - 10 50 (g
— 4z ~ 10 50 126
— 56 — 40 50 1.2
6 , Io —~ 40 50 157
— 24 - 40 50 —
—_— 28 - — — 172z
- A 40 5o —
- 42i — - — 185§
-y i 40 50 —_
== Y e —_— —_ 198
7 2 =- —_— - 20§
7., 7 = —_ — | the water boiled.

cm}}i?;?d’ }2 h, 26 min. Wood confumed, 550 Ibs.
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This boiling water being let off, the Boiler was
again filled (immediately) with celd water; and
in this third Experiment the quantity of water was
increafed to 11,3681bs. Bavarian weight,—~equal to
14,078 Ibs. Avoirdupois, or 1685 wine gallons.

"The refults of this Experiment were as follows :

Experiment, No. 31.

Quantity of Fire{Temperaturé of
Time. wood put into thejthe watcr in the
Fire-place. Boiler.
Number of | Quantity §| In degrees of Fihe
Hours. Min. Billets. | in weight. renhei:"s Therm.
Ibs.
8 51 P.M fo 100 65ie
9 7 = 40 5o 79°
—_— 2 — 40 5o 90
- 44 — 40 50 107
— 5§57 —- 40 50 118
ioc 14 =— 40 50 . 130
— 28 - 40 50 140
. - i 40 5o _ 15§
I —— — 40 50 165
S 40 50 175
— 30 — 40 50 182
— — o o 200
11 ;g i i.. " 5_. the water boiled,
Time . h R
epployed, } 3 h. 7min. Wood confumed, 650 Ibs.
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The following Table will fhow the refults of
thefe three Experiments in a clear and fatisfatory

manner :

ngntity of water ini the
oiler at.the begin-
ning of the Experi-
ment, in Bavgrian
Temperature of the wa-
ter at the beginning of
the Experiment -
Time employed in mak-
ing the waterboil -
Fuel (Pine wood) com-
fumed in making the
water boil, in Bavarian

pounds - - - -

Precife Refults of the Ex-
periments.
Quantity of icecold wa-
ter which might have
been heated 180 de-

grees, or made to boil|

with the heat generated
in the combaftion of
1lb. of the Fuel -
Time in which, accord-
ing to the refult of the
Experiment, ice-cold
water might be made
to boil at Munich with
the ‘given proportion of
Fuel - - - . .

Experiment | Experiment | Experiment
No. 29. No. 30. No. 31.
81zolbs. | Sizolbs. | 11,3681bs.,

50° 60° 65:°

4 h. 4 min. |2 L. 26min, | gh, 7 min.
575 1bs. g50lbs. 6;0lbs.
12.54 s | 12.281bs. | 14.591bs.

4h. 31min. [ zh, sonun.| 3h, 35min.

I was furprifed, when I compared thé refults of
thefe Experiments with thofe made in the other
‘ Brewhoufe,
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Brewhoufe, to find how little in appearance | had
gained by the alterations I had introduced; on a
more careful examination of the matter, however,
I found that I had gained much more than I at firft
imagined, both in refpec to the Economy of Fuel,
and to that of Time. The amount of thefe ad-
vantages will appear from the following compari-

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

Precife Refults of the fore-
guing Experiments.

——

Time required
Quantity of {to make ice~
ice-cold water |cold water boil,
made to boil | sccording to
with 1lb. of |the refultofthe
the Fuel. |given Expeti-

ment.
Firft Set.

ok S Ibs. hrs, min.

In the Experiment No. 27. — 12.06 4 120

In the Experimenf Nec. 28. — 12,70 4 20

Sum = | 24.77 8 40

Means — | 12.385 4 20
Second Set.
In the Experiment No.2g9. = 12.54 4 31
In the Experiment No. 30. = 12.28 2 §9 °
Sum — 24.82 7 30
Means ~— 12.41 3 45

The mean refults of thefe two fets of Experi-
ments differ very little from each other in appear-
33 ance ;
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ance 3 apd, from this circumftance I fhall prove, that
the new “Boiler is better adapted for faving Fuel than
thg old.

By comparing the refults of the Experiments

made with the fame Boiler, but with different
quantities of water, we fhall conftantly find that the
expence of Fuel was /s in proportion as “he quan-
tity of water was greater. In the Experiment
No. 23, when 1271bs. of water were ufed, the re-
fult of the Experiment indicated that no more than
12.74lbs. of ice-cold water could be made to boil
with the heat generated in the combuftior of 1lb.
of the Fuel ufed; but in the Experiment No. 26,
made with the fame Boiler, but when 4 times as
much water was ufed, or 5o8lbs., it appeared
from the refult of the Experiment, that 19.01lbs.
of ice-cold water might be made to boil with 1lb.
of the Fuel.

Now, in the firft fet of the Experiments we
are comparing, as the quantity of water ufed
(12,5081bs.) was much greater than that ufed in
the fecond fet (8120lbs.), it is evident, that if the
conftruétion of the machinery and the Management
of the Fire had been equally perfe@ in the two cafes,
the Economy of Fuel would have been greateft
where the largeft quantity of water was ufed ;—
that is to fay, in the firft fet of Experiments ;—but,
as *hat was not the cafe, it is certain that the Boiler
ufed in the fecond fef is better adapted to econo-
mize Fuel than that ufed in the firft,

But we need not go fo far to fearch for proofs
of that fa@. The refult of the Experiment No. 31

is



is alohe fufficient to puit &ﬁmw doubt,
In this Experiment, in which ‘the qmeyaﬁm
(though ftill confiderably fhort of; that ufed in the
former fet of Experiments) was augmented from
8120lbs. to 11,3681bs. the faving of Fuel was fo
much increafed as to fhow in a decifive manser the
fuperiority of the new beiler.

Quantity nfl lom:ht
oo [ coidwater boil,
ith 11 of | el
The Precife Refults ’ o
Of this Experiment (No, 31 .} were bs, hes.  min,
as foliows, —_— 1459 .3 37
In the Lxperiments No 27 “end
No. 28, they were, at a medium, 12.385 |- 4 20

5 | % 5

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

fining the heat are more effe@tual, _ .
14 Though



Hne Of the "Manisgement of Fire,

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

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

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

In an Experiment of which I have already given
an account (No. 3.), 7i£lbs. of water, at the
temperature of §8°, were made to boil in a fauce-
pan fitted up in my beft manner, in a clofed fire-
place; and the wood confumed was 1ib. This
gives for the precife refult of the Experiment,
6.68 lbs. of ice-cold water made to boil with 1 ib.
of the Fuel.

In another Experiment (No. 12.) made with
one of the fmall Boilers belonging to the kitchen
of the Military Academy, fitted up on the fame
principles, 43.63 Ibs. of water, at the temperature
of fc°, were made to boil with 3Ibs. of wood.
This gives 11.93 Ibs. of ice-cold water made to
boil with*11b. of the Fuel.

Again, in the Experiment No. 20, which was

made with a larger Boiler belongmg to the fame
kitchen,
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kitclsess; and ficed up in the fame manner, 187 1bs. -
ofwater, (equal to about 28 gallons,) at the tem-
perature of §5°, were made to boil with the com-
buftion of 8lbs. of fire-wood.  This gives zo.10 Ibs.
of ice-cold water made to boil with 1 1b. of the
wood j—and farther than this I have not been able
to puth the Economy of Fuel.

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

Again, in the Experiment No. 21. when no
lefs than 11,368 Ibs. or 1685 gallons, of water were
heated and made to boil in the new Brewhoufe
Boiler ; the wood confumed amounted to 6 _§r.}([:)s.
which (as the temperature of the warter at the be-
ginning of the Experiment was 654°) gives for the
precife refult of the Experiment, 14.59 Ibs. of ice-
cold water made to boil with the heat generated in

the combuftion of 1 1b. of the Fuel.
As
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As the relative quantities of Fuel expended in
the Experiments are inverfely as the numbers ex-
prefiing the quantities of ice-cold water, which,
from the refult of each Experiment, it appears
might have been heated 180 degrees, or made to
boil, under the mean preflure of the atmofphers
4t the level of the fea, with the heat generated in
the combuftion of 1lb. of the Fuel; it is evident
that thefe numbers meafure very accurately the
tifferent degrees to which the Economy of Fuel
was carried in the different Experiments. The
Economy of Fuel in heating liquids depending on
the quantity of the liguid, as thown by the foregoing
Experiments, may therefore be exprefled fhortly
in the following manner :

Quantity of wa- | Degrees to
ter heated in the | which the Eco-
Experiment, iz | nomy of the-
Bavarian lbs. | Fuelwas carried.

Ibs. . lbs,
In the Experiment No. 3, 7.93 6.68
No. 12, 43.63 11.93
No. 16, 187 20.10
No. 26, 508 19.01
No, 31, 11.368 14-59

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

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

There are, however, ‘feveral other circumftances
to be takep into the account in determining ‘he
effelts of fize in the machinery neceffary for boil-
ing liquids ; and one of them, which has great in-
fluence, is the heat abforbed by the mafonry of the
fire-place.  This lofs will moft undoubtedly be the
fmaller, as the fire-place is larger; but to deter-
‘mine the exac point when, the faving on the one
hand being juft counterbalanced by the lofs on the
other, any augmentation or diminution of fize in
the machinery would be attended with a pofitive
lofs of heat, is not eafy to be afcertaineds, Pro-
vided however that proper attention be paid _t*a;the_
Management of the Fire, and that as much heat as
pofiible be generated in the combuftion of the Fuel
=—(which may always be done in the largeft fire-

' place



and the Economy of Bl 12§

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

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

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

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

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

The mafter brewer, having expreffed a wi¥k that
fome contrivance might be ufed by which the.wdier
might be made to boil a little fooner ir- the new
Boiler, I made an alteration in its fire-place which-
completely anfwered that purpofe.

But
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But befides the defire I had ta oblige the mafter
brewer, (who only thought how he could contrive
to finith as early as poffible his day’s work,) - kad
another, and much more important objett in view.
Having bhad reafon to fufpett that flues which go
round on the outfide of large Boilers do little more-
¢han prevent the efcape of the heat by their fides,
-=which, with infinitely lefs trouble and lefs ex-

nce, may be prevented by other means,—I was
defirous of finding out, by a decifive Experiment,
the real amount of the advantages gained by thofe
flues; or the faving of Fuel which they produce.
And as I was confident that the {fuppreflion of the
flue which went round the new Boiler would in.
creafe the draught of the fire-place, and accelerate
the 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 fide
flues; the increafe of heat arifing from the accelera.
tion of the combuftion occafioned by the increafed
draught on clofing them up would more than coun.
terbalance the lofs of thofe advantages, and the
time employed in heating the water would be found
to be atually lefs than it was before.

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

4 Experiment, No. 32.
’mround the outfide of the new Brewhoufe
Boiler having been clofed up, and two canals

(eand 4, Fig. 21.) formed from the end of the two
I outfide
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outfide flues of thofe fituated under the Boiler, by
which two canals (which were both farnifhed with
dampers) the fmoke -paffed off from under the
Boiler diretly into the chimney ; the Experiment
No. 31. which was made with the fame Boiler be-
fore the outfide flues were clofed up, was now re-
peated with the utmolt care, in order to afcertaine
the effects which the clofing up of thofe flues would
produce. The quantity of water in the Boiler, and
its temperature at the beginning of the Experiment,*
were the fame ;—the wood ufed as Fuel was taken
from the fame parcel, and it was put into the fire.
place in the fame quantitics, and at the fame inicrvals
of time ;—in fhort, every circumitance was the fame
in the two Experiments, excepting only the altera-
tions which had been made in the fire-place. As
the length of the flues through which the flame and
fmoke were obliged to pafs to get into the chimney
had been diminithed more than half, (or redyced
from 70 to about 30 feet,) the ftrength of the draught
of the fire-place was much increafed, as was evident
not only from the increafed violence of the combuf-
tion of the Fuel, which was very apparent, but alfo
from another circumitance, which I think it my
duty to mention. Before the flue round the Boiler
was clofed, if too much Fuel was put into the fire-
place at once, it not only did not burn with a clear
flame, but frequently the fmoke, and fomeNyes
the flame, came out of the fire-place donf, even
when the damper.in the chimney was w vide open;
but after this flue was clofed up, it was found to be
hardly
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hardly poffible to overcharge the fire-place, and the
Fuel always burned with the utmoft vivacity.

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

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

VOL. 1I. X A Com-
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A ComparaTive View of Two EXPERIMENTS
made with a new Brewhoufe Boiler.

The time is reckoned from the beginning of the Expe
riment, and was the fame in both Experiments.

Quantity of water in the Boiler 11,368 lbs. Bava-
rian weight.

Fuel put into the | Heat of the water in the
fire-place. Boiler.
Time from B
th:?gb;%ll?e. Experiment Experiment
nng o . Nao. v, No. 12,
Experiment.] Bomber } Quentivs | o, e five | (outfide flue
of billets. | in weight. open). clof=d).
Ts'.wr-ui.l_'l._-_ No., I hs:‘— degrees, [ degrees,
—_— —6 8o 100 65t 651
o 1 40 5o 79 2
© 30 40 5o Qo 04
© 53 40 5o 107 110
b 40 50 118 122
1 23 40 50 130 135
137 40 50 140 147
1 54 40 50* 15§ 160
2z 9 40 50 165 lz‘l
z 24 40 50 17§ 182
2 39 40 50 182 191
2 54 40 50 200 —_
2 59 — o — boiled
3 7 ot — boiled —_—

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

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

- By the following Experiment, in which the com
buftion of the Fuel was made as rapid as poflible
by k‘c;:ping the fire-place full of wood, and the re-
gifter in the afh-pit door and the. damper in the
chimney conftantly quite open, may be feen how
far T fucceeded in the attainment of that obje&.



132 Of the Management of Fire,

Experiment; No. 33.

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

- This Experiment ‘was made the 29th of Novem-
ber 1796, the barometer {tanding at 26 inches 8.7
lines Paris meafure, and Fahrenheit’s thermometer
at 33

Terapera-

Fuel put into the tureof the
Time. fire-place. water in
the ccpper.
his. min. 1bs. degrees.
2 o 100 47
— 14 100 50
— 34 100 88
— 51 100 100
3 9 100 123
— 25 100 144
- 39 100 151
4 0O 100 -
- 10 — 200
== 17 — boiled
Time employed - 2 17 | Wood confumed - 8oc

In the Experiment No. 32, the fame quantity
of water at the temperature of 651°, was mads
boil in 2 hours 59 minutes, with the confi<iption’
of 6251bs. of the fame kind of wood. Had the
water in this. Experiment been as cold as it was in
the Experiment No. 33, (namely at the tempera-

ture
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ture of 47%) inftead of 625Ibs., 7051bs. of the
Fuel would have been neceflary ; and the procefs,
inftead of lafting 2 hours and 59 minutes, would
have lafted 3 hours and 22 minutes.

Hence we may conclude, that to abridge 1 hour
and ‘5 minutes of 3 hours and 22 minutes in the
procefls of boiling 11,368 Ibs. of water, this cannot
be done at a lefs additional expence of Fuel than
that of gglbs. of pine-wood ;—or, to abridge the
time_sne-third, there muft be an addmcmal expence
of about sne-cighth more Fuel.

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

From a comparifon of the quantities of Fuel
confumed, and confequently of heat generated, in
the fame time, with the quantities of heat aétually
communicated to the warer, in the Experiments
No. 32 and No. 33, during this time, an idea may
be formed of the great quantity of heat that may
remain in flame and fmoke after they have paflfed
many feet in flues under the thin bottom of a Boiler
containing cold water; and this thows with how
much difficulty thefe hot vapours part with their
heat, and how important it is to be acquainted with
tha faft in order to take meafures with certainty
fo?&u\;@niﬁng Fuel.

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

X3 with
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with care, their refults have intrinfic value inde-
pendent of the particular ufes to which I have ap-
plied them.

As in the countries where this Effay is likely to
be moft read, pit-coals are more frequently ufed as
Fuel than wood, it will not only be fati:factory, but
in many cafes may be really ufeful to my Reader to
know the relative quantities of heat producible-

. from coals and from wood ; in order to be able to
compare the tefults of Experiments in whick, coals
are ufed as Fuel, with thofe of which I have here
given an account; or to determine the quantity of
coals neceflary in any procefs which it is known
may be performed with a given quantity of wood.

It was my intention to have made a fet of Expe-
riments on purpofe to determine the relative qu%m-
tities of heat producible from all the various kinds
of combuftible bodies which are ufed as Fuel, and
I made preparations for beginning them, but I have
not yet been able to find leifureto attend to the fubjeét.

The moft fatisfattory account I have been able
to procure refpeéting the matter in queftion, is one
for which I am indebted to my friend Mr. Kirw an.
By this account, which he tells me is founded on
Experiments madc by Mr. Lawvoifier, it appcars,
that equal quantitics of water, under equal furfaces,

may be evaporated, and confequently equal heats
produced, ’/’5'-~ '

By 4031bs. of Coaks By 17 of Coaks
6oo — of Pit-caal o 10 of Pit-coal
600 — of Charcoa) [ OF 11! mcdiure 40 of Charcoul

1089 — of Oak 33 of Oak.

I wifh
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T wifh I were at liberty to tranfcribe the ingenious
and interefting obfervations which accompanied this
eftimate ; but as they make part of a work which I
underftand is preparing for the Prefs, I dare not
anticipate what Mr. Kirwan will himfelf foon lay
before the Public.

According to this eftimate it appears that
10891bs. of oak produces as much heat in its
combuftion as Goolbs. of pit-coal. Now, if we
fuppofe that the pine-wood ufed in my Experi-
ments is capable of producing as much heat per
pound as oak,—and I have rcafon to think it does
not afford lefs,—from the quantity of pine-wood
ufed in any of my Experiments, it is eafly to afcer-
tain how much coal would have been neceffary to
generate the fame quantity of heat; for the weight
of the coal which would be required is, to the
weight of the wood aftually confumed, as 600 to
1089, '

In one of my Experiments (No. 31,) —11,3681bs.
of water, at the temperature of 653°, were made
to boil with 650 lbs. of pine-wood.  As, when the
Experiment was made, the mercury in the baro-
meter ftood at about 28 Englifh inches, the tem-
perature of the water when it boiled was only
2091° confequently its temperature was raifed
(209_....65 L) 144 dggre;s Had the water been
bofied_in London, or in any othef place nearly on
a level'with the furface of the fea, it muft have
been heated to 212° to have beeu made to boil,
confequently its temperature muft have been raifed

K 4 1461w.
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1463°; and to have done this, inftcad of 650lbs.
of wood 661 3 lbs. would have been required;
(140 is to 6501bs. as 1461° to 6611 Ibs.)

If pit-coal were ufed inftead of wood, 363+ Ibs.
of that kind of Fuel would have been fufficjent ;—
for the quantities in weight of differeat kinds of
Fuel required to perform the fame procefs being
inverfely as the quantities of heat which equat
Weights of the given kinds of Fuel are capable of ,
generating, or directly as the quantities of thg kind
of Fuel in queﬁxon which are required to produce
the fame heat, it is 1089 to 600, as 661+ lbs. of
wood to 363 +1bs. of coal, fuppofing the foregoing
eftimate to be exa&.

Whether it would be poffible to caufe fo large a
quantity of water, (1681 wine gallons,) at the given
temperature, (651°) to Qoil, with this fmall quan-
tity of coal, I leave to thofe who are converfant iu
Experiments of this kind to determine,

From the refult of my 20th Experiment it ap-
peared that 20 % Ibs. of ice-cold water mizht be
heated 180 degrees, or madec to boil under the
mean preflure of the atmofphere at the level of the
furface of the ocean, with the heat generated in the
combuftion of 1lb. of pine-wood. Computing
from the refult of this Experiment, and from the
relative quantities of heat, producible from pine-
wood, and from%it-coal, it appears that th
generated in the combuition of 11b. of“pit-coal,
would make 3643 lbs. of ice-cold water boil.

Hence
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Hence it appears that pit-coal fhould heat 36
times its weight of water, from the freezing point
to that of boiling ;—and as it has been found by
Experiments made with great care by Mr. Wan'T,
that nearly 5} times as much heat as is fufficient
to heat any given quantity of ice-cold water to the
boiling point, is required to reduce that fame quan~
t'ty of water, already boiling-het, to fteam ; accord-
ing to this eftimation, the heat generated in the
combyftion of 1lb. of coal fhould be fufficient

roy&duce very nearly 7 lbs. of boiling-hot water to
fteam.

How far thefe eftimates agree with the Expen-
ments that have been made with {team-engines, I
know not ; but there feems to be much reafon ta
fufpe& that the expence-of Fuel,” in working
thofe engines, is confiderably greater than it ought
to be, or than it would be, were the Boilers and
Firc-places conftruted on the beft principles, and
the Fire properly managed.

In attempts to improve, it is always very defir-
able to know exatly what progrefs has been
made ;—to be able to mealure the diftance we
have laid behind us in our advances ; and alfo that
which ftill remains between us and the object in
view. The ground which has been gone over is
eafily meafured ; but to eftimate that which {till lies
bafore us is frequently much more difficult.

The :dvances | have made in my attempts to
improve fire-places, for the purpofe of economif-
ing Fuel, may be cftimated by the refults of the

Experiments
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Experiments of which T have given an account in
this Effay ; but it would be fansfaébry no doubt to
know how much farther it is poffible to puth the
‘Ecenomy of Fuel.

In my 4th Experiment, 7} ; Ibs. of water, at the
temperature of 58°, were made to boil, at Munich,
with 61bs. of wood. If, from the refult of this
Experiment, we compute the quantity of ice-cold
water which, with the heat generated in the com-
buftion of 1 1b. of the Fuel, might oe heated 180
degrees, or made to boil, it will turn out to be oniy
131b. or more exaltly 1.11lb.

According to the refult of the Experiment
No. 20, it appeared, that no lefs than 2o’ lbs. of
ice-cold water might have been made to boil with
the heat generated in the combuftion of 11b. of
pine-wood. )

It appears, therefore, that about eighteen times as
much Fuel, in proportion to the quantity of water
heated, was expended in the Experiment No. 4, as
in that No. 20; and hence we may conclude with
the utmoft certainty, that of the heat generated, or
which, with proper manageinent, might have been
generated in the combuftion of the Fuel ufed in
the 4th Experiment, lefs than 'y part was em-
ployed in heating the water;—the remainder,
amounting to more than +} of the whole quantity,
being difperfed and loft. , 5

I ventured to give it as my op. alon in the begin-
ning of this Effay, that « not iefs than Seven-cighths
¢ of the heat generated, or which, with proper ma-

¢ nagement,
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% nagement, might be generated from the Fuel ac-
“ tually confumed, is carried up into the atmofphere
< with the fmoke, and totally loft.”—1 will leave it
to my Reader to judge whether this opinion was
not founded on good and fufficient grounds.

But though it be proved beyond the poffibility
of a doubt, that the procef;. of heating water was.
performed in the 2oth Experiment with about &
part of the proportion of Fuel which was ac-
t;_la'”;r.%xpcndcd in the 4th Experiment, yet nei-
ther of thefe Experiments, nor any deductions that
can be founded on their refults, can give us any
light with refpect to the real lofs of heat, or how
much lefs Fuel would be fufficient were there no
lofs whatever of heat. The Experiments fhow
that the lofs of heat muft have been at leaft eighteen
times greater in one cafe than in the other; but
they do not afford grounds to form even a probable
conjeCture refpecting the amount of the lofs of heat
in the Experiment in which the Economy of Fuel
was carried the fartheft, or the poflibility of any
farther improvements in the conftruction of fire-
places. 1 fhall, however, by availing mylelf of the
labours of others, and comparing the refults of
their Experiments with mine, endeavour to throw
fome light on this abftrufe fubject.

Doétor Crawrord found, by an Experiment
contrived with much ingenuity, . and which appears
to have been executed with the utmoit care, that
the heat generated in the combuftion of 30 grans

of
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of charcoal raifed the temperature of 31lbs. 7 oz.
Troy=181,920 grains of water, 1,%% degrees of
Fahrenheit’s thermometer, when none of the heat
generated was fuffered to efcape.

But if 30 grains of charcoal are neceffary to raife
the temperature of 181,920 grains of water 1+%%-
degrees, it would require 3157.9 grains of charcoal
to raife the temperature of the fame quantity of
water 180 degrees, or from t'le pumt of ﬁcczmg
to that of boiling; for it-is 1.71° to 30 grains.
as 180° to 3157.9 grains. Confequently the heat
generated in the combuition of 11b. of charcoal
would be fufficient to heat 57.608 Ibs. of ice-cold
water 18c degrees, or to make it boil ;—for 3157.9
grains of charcoal are to 181,920 grains of water as
1 Ib. of charcoal to 57.608 Ibs. of water.

From the refults of Mr. Lavorsier’s Experi-
~ ments, it appeared that the quantities of heat gene-
rated in the combuftion of equal weights of char-
coal and dry oak, are as 1089 to 60c. Hence we
may conclude, that equal quantities of heat are ge-
nerated by 1 lb. of charcoal and 1.81 5 Ibs. of oak;
confequently that the heat gencrated in the com-
buftion of 1.815Ibs. of oak, would heat 57.608 Ibs.
of ice-cold water,—or 1lb. of oak, 31.741bs. of
ice-cold water 180 degrees, or caufe it to boil j—
were no part of the heat generated in the combuftion

of the Fuel loft.

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

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

Thus, for inftance, in the 2oth Experiment, as
the effeéts a&ualiy'indicated that with zhat part of
the heag generated in the combuftion of 1 1b. of the
Tua which entercd the Boiler, 204 1bs. of ice-cold .
water might have been made to boil; as by the
above eftimate it appears that 31.%%lbs. of ice-
cold water might be made to boil with 2/ the heat
generated in the combuftion of 1 lb. of the Fuel—
it is evident that about ene-third of the heat gene-

20.1

rated was loft; or = of it was faved.

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

In the Experiment No. 4, as the effefts pro-
duced by the heat which entered the Boiler indi-
cated that no more than 1.141b. of ice-cold water
could have been made to boil with 1lb. of the
Fuel, it appears that in this Experiment only about
=th part of the heat generated was faved.

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

- ane-haff of the heat generated found its way up the
chimney, and was loft.
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CHAP. VL

A fbort Account of a Number of Kitchens, public and
private, and Lire-places for wvarious Ufes, <which
bave been confiructed wnder the Direction of_the
Author, in different Places.—Of the Kitchen of
the Hloust of INnpusTrRY at Municu—O0f that
‘of the MiLitary Acapemy—Of that of the
MiLitary Mess-House—That of the Farm-
Housr, and thofe belonging to the InN in the
Encrist GARDEN af Municn.—Of e Kii-
chens of the Hofpitals of L.a Prera and La Mi-
SERICORDIA af VERONA.—Of a fmall Kitchen
fitted up as a Model in the Houfe of S1r JouN
Smvcrair Bart. in LonvoN.—Of the Kitchen
of the Founprinc HospiTaL in LonpoN.~Of
a MivitarY KrrcHEN for the Ufe of TrboPs in
Camr.—Of a PorTABLE BO1LER for the Ufe of
TrooPs on a MarcH.—Of a large Bo1LER fitted
up as a Model for BLEACHERS af the LiNEN-
Havv in DuBLiN.—Of a Fire-place for cook-
ING, and at the fame Time WARMING A LARGE
Havrv; and of a PERPETUAL OVEN, both fitted
up in the Housk of INDUSTRY at DuBLIN.—Of
‘the KitcHEN—LAUNDRY—~CHiMNEY FIRE-
pLACES—CorTACE FIRE-PLACE—and Model

o
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of @ LIME-KILN~—fticd up in IRELAND in the
Houfe of the DuBLIN SOCIETY.

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

the improvements 1 propofe are founded, has in-
duced me to be very particular in my account of
my Experiments, and of the conclufions and prac-
tical inferences I have thought myfelf authorifed to.
‘draw #om them; and as thefe inveftigations have
-~ irequently led me into abftrufe philofophical dif-
quifitions which might not perhaps be very inte-
refting to many of my readers, to whom a fimple
account of my Fire-places, with directions for con-
ftruting them, might be really ufeful ; in order to
accommodate rcaders ‘of all deferiptions, I have
thought it beft to divide my fubject, and to referve
what I have ftill to fay on the mechanigal part of
it,—the Conftrution of Kitchen Fire-places,—for
a feparate Effay. In the mean time, for the in-
formation of thofe who may have opportunities of
examining any of the Kitchens, or Fire-places, for
other purpofes,which have already been conftruéted
on my principles, under my diretion, I have an-
nexed the following account of them, and of the
particular merits and imperfections of each of them.
This account, added to what has been faid in the
foregoing Chapters of this Effay on the conftruc-
tion of Fire-places, will, I flatter _rnyferf, be found
fifficient to convey the fulleft information refpeét-
ing the fubje&t under confideration, and enable
thofe,





