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PREFACE.

For a work professedly calculated to ad-
vance domestic economy and increase do-
mestic comfort, no othér preface can be
requisite than that of soliciting the reader’s
attention to the sources of his own enjoy-
ment.

As Great Britain is preverbially allowed
to be more subject to vicissitudes of tempe-
rature than any other country in Europe ;
and as the only means of counteracting the
effects of these rapid atmospheric changes,
in the interior of our dwelling-houses, is by
a judicious application of artificial heat, on
one hand, and by an adequate degree of
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iv PREFACE.

ventilation on the other—it is presumed
that any attempt to facilitate these im-
portant objects, will meet with a favourable
reception.

With regard to the necessity which may
exist for adopting, or even recommending,
greater economy in the consumption of
fuel, while England possesses such almost
inexhaustible resources of this valuable na-
tural product ; opinions may vary, accord-
ing to the opulence or the relative interests
of individuals. But there can be no differ-
ence of opinion as to the eligibility of im-
proving the mode of employing this essen-
tial article of life, so as to avoid, as far as
may be, the nuisance of smoke, the deposit
of soot, and the serlous inconvenience aris-
ing from currents of cold air through a room.

The Author of the succeeding péges has
endeavoured to treat the subject under the
most popular form of view ; from the fullest
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persuasion that ‘practical .science, and its
progressive . advancement, : is rather re.
tarded, than:promoted, by. clothing ideas
which profess to give information, in lan.
guage (whether’ technical or symbolic)
which is not comprehended by the great
bulk of the commumty.

. Part I 'comprehgnds a brief view of
the nature.of fuel, and of the chemical
principles on which the process of coms
bustion, as well as animal respiration de-
pends: accompanied by suggestions for pre,
venting as far as possible the deleterious
influence of a vitiated afmosphere on animal
life. In this part of his work, the Author
has assigned much greater agency to the
nitrogen, or azotic portion of the atmo-
sphere, in the production of various natural
phenomena, than chemical writers have ge-
nerally allowed. And whilst the Author’s
views on the subject are submitted with
much deference to the judgment of the
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chemical reader, he begs to recommend
the enquiry to more able investigators, mot
only as a most fertile field of action, but as
it especially involves the health and eco-
nomy of society in general.

The succeeding Chapters of Part 1. re-
late to the noxious agency of stagnant
water, and of putrescent animal and vege-
table matter in the vicinity of populous
districts, with suggestions as to the pro-
priety of making the conservation of public
health a branch of the internal police.—
Under which heads,—the construction of
chimneys and prevention of smoke,—the
prevention of vegetable and animal sub-
stances from being left exposed to putrefac-
tion,—and the more perfect ventilation of
every description of public buildings; are
severally considered. '

Part II. contains a description of all the
known varieties of grates or stoves used
10



PREFACE. vii

for disseminating heat, both with open and
confined fire-chambers; with observations
on their comparative advantages in econo-
mising heat and preventing the disengage-
ment of smoke. Also the various modes of
building furnaces, setting boilers, and con-
structing apparatus for warming buildings
of all kinds by means of steam-heat. To
which are added, a few observations on the
construction and management of garden-
stoves and conservatories; with a view of
regulating the temperature in such edifices
more consonant to the operations of nature
in the vegetable kingdom ; and at the same
time rendering these buildings more salu-
brious, as places of resort for the lovers of
elegant retirement.
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Y. 4

INTRODUCTORY OBSERVATIONS.

CoNSIDERING the rapid advancement which
practical science has undergone in Great
Britain during the commencement of the
nineteenth century, it is very remarkable that
so important an object as that of economising
fuel, should not have attracted more general
attention. Whether a certain degree of neg-
ligence in this interesting branch of our civil
and domestic economy may not have arisen
from the circumstance of 'this country being
more peculiarly favoured than any in Europe .
with an_almost unlimited supply of fuel, it
would be difficult to determine. To whatever
source it may be referred, however, the fact
is unquestionable, that there exists even at
B



2 INTRODUCTORY OBSERVATIONS.

the present day, in England, a greater disre-
gard to the subject of warming dwelling-houses
by the most effective and economical methods,
than is to be found in any other state through-
out‘Burope. Much of this inattention to the
point of domestic economy doubtless arises
from our national prejudices in favour of open
stoves or grates. There is certainly something
cheering in the aspect of a blazmg fire-side.
If it can be called a prejudice, itis a preJudnce
which it would be perhaps quite lmpossnble to
Qvercome; and to those with whom expendi-
ture of income is of little consideration, the
mere question of economy may perhaps. be
unworthy of notice.

- But the term Economy must be, in the pre-
sent cage, taken in a much wider extent than
that of applying to the actual saving of fuel
effected by this or that construction of a stove,
" and its chimney or draught pipe. It is pot
merely the amount of heat given out to any
apartment, or suite of apartments by the com-
bustion of a given quantity of fuel, but the

13



INTRODUCTORY ORSERVATIONS. 3

manner in which that object is accomplished ;
80r3s. to- deteriorate the air of such apartment
as Jittle as possibie for the purpose of respira-.
tion, and als to. avaid producing d.current of
old air through the room for the supply of
the huraiag fuel with an adequate partion of
OXYgCR gas to maintain combustion.

Je might appearsomewhat ungracions to stig-
~ matige the inventions and domestic arrange-
ments of our forefathers with the term barba-
rowus ; but it would be diffieult to point out any
part of ayr usual domestic edifices which exhi-
bits such a total ahsence of acientific principles,
as the construction of ouy fire-grates and their
appendages. It would seem, from the arrange-
ment of the doors and frerplaces, even in most
of our better class of mansiens, as if the archi-
tect. had in view the interests of the coal mer-
chant snd. the physician, at the expense of the
pocketand the health of the owner or occupier.
For it weuld be diffeult to devige any more
effectual means than many of owr fancy stoyes:
furnish, for the rapid combustion of fuel, and

B2 _



4 INTRODUCTORY OBSERVATIONS,

the loss of heat in the apartment, by allowing
a powerful current of cold air to sweep the
lower part and drive the heated air immedi-
ately up the chimney shaft. At the same
time a person or persons being placed round
the fire-place of such a room, is absolutely in
much greater danger of what we usually term
“ taking cold,” than if exposed to the open
atmosphere, with the thermometer standing
at the freezing point.

It cannot admit of a doubt that a numerous-
class of our prevailing winter disorders, such
as catarrh, rheumatism, &c. derive their origin
from the anti-social construction of our ordi-
nary apartments. And these results are more
to be apprehended in proportion to the num-
ber of persons in a room of ordinary dimen-
sions. For in such cases some persons must
of necessity be placed in the immediate front
of the fire-place, whilst others will be at the
opposite extremity of the current of air; or
in the immediate vicinity of the door or win-
dows. |
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The consequences of this absurd attach-
ment to old plans and defective principles,
for the purpose of preserving what is termed
“uniformity” in a building and its apartments,
are too well known to every one who has been
placed in such an aerial thoroughfare, to re-
quire illustration here : and it has become the
fashion, in the construction of houses of the
better class, to endeavour to remedy this evil
by partially stopping out the supply of atmos-
pheric air by lining the apertures of the doors
and windows. It is obvious, however, that a
deficient supply of air will not only diminish
both the brilliancy of any artificial lights in
such apartments, and the perfect combustion
of fuel in the grate; but the atmosphere of
such a room will also be, in consequence,
greatly depraved for the purposes of respira-
tion. |

In addition to the personal inconveniences
felt by the arrangements of our winter sitting
rooms, the waste of fuel is enormous, from
the very imperfect combustion of the coals
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ubed in bur open grates, and the great quan-
tity of smoke evolved; which passing threugh
the chimney shaft, its heat becomes lost to the
apartment, while the warm air of the room
follows the same route, and is again suoceeded
by a current of cold air from the windows or
doors.



CHAPTER L
]

THEORY OF COMBUSTION.

A éURsoRY view of the process of combus-
tion, will serve to shew, that the heat evolved
from ignited fuel is principally dependant on
the rapid supply of oxygen from the atmos-
phere ; though considerably modified by the
proportions of carbon and hydrogea in the
combustible substaace. , _

Every inflammable substance which we
employ for giving artificial light, as wax,
spermaceti, oil, tallow, &c. becomes reduced
to a gaseous state, forming carburetted hy-
drogen gas, preyious to uniting with the
oxygenous portion of the atmosphere. Dur-
ing which process, both light and heat are
evolved, and carbonic acid gas, with some
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azote, and aqueous vapour, forms the resi-
duum. ' ‘

During the combustion of coke, charcoal,
and a few varieties of coal, very little, if
any flame, is produced; there being a very
small portion of hydrogen gas present: con-
sequently the gaseous residue of such sub-
stances contains little, if any, moisture, but
consists principally of carbonic acid and azote.

It has been ascertained, from repeated ex-
periments, that pure hydrogen gas requires
half its own volume of oxygen gas to form the
constituents of aqueous vapour. And when
these gases are mixed in these proportions,
and exposed to the temperature of about
700° Fahrenheit, they unite with explosive vio-

_ lence, leaving" a particle of water not more
than about 1 : 2000, their original volume.

Carburetted hydrogen gas requires more
oxygen for its perfect combustion, than pure
hydrogen ; and that in proportion to its den-
sity, or the quantity of carbon in suspension.

* Thus coal gas, or sub-carburetted hydrogen, of
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the spec. grav. 500, requires one and a half its
own volume, or three times more oxygen than
is necessary for pure hydrogen: and oil gas,
or carburetted hydrogen, of a spec. grav. 960,
(common air, 1000), requires three times its
own bulk, or six times more oxygen for
" its perfect combustion, than pure hydrogen.
Now, the comparative density of oxygen gas
and good coal gas, is nearly as 2:1, (ox.
1100, coal gas 550); consequently we shall
have to supply coal gas, during its combus-
“tion, with three times its own weight of oxy-
gen, from the atmosphere.

From the process of gas-making we are
likewise able to estimate the probable con-
sumption of oxygen during the combustion of
a given quantity of fuel.

The average quantity of gas obtained from
a chaldron of good Newcastle coal, may be
taken at the lowest estimate, at about 12,000
cubic feet. But a considerable portion of
combustible matter 1s also evolved in the form
of tar-vapour; which becomes condensed in
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the vessels, leaving the gas to pass on to the
purifiers and gas-holders.  After thess volatile
products hiave passed over, the weight of coke
remaining in the retort is equal to more than
one half that of the original weight of the
coal.

Now, if we allow 18,000 cubic feet of
oxygen for the combustion of the 12,000 feet
of purified gas obtained from each chaldron
of coals; and one third of that quantity, or
6,000 extra (whach is probably not too much)
for the combastion of the bituminous portion
usually deposited in the form of tar, in the
gas-works, we should thus require a quantity
of oxygen, from the air, at least double that

of the whole gaseous product of the coal; or
24,000 feet for each chaldron of coal con-

sumed. :

- But this probably will not amount to one
half the aotwal quantity of oxygen consumed
by our domestic fires ; for it only refers to the
wolatile portion of the fuel. It is not so easy
10 determine thequantityof oxygen consumed
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during the combustion of solid fuel, as coke,
charcoal, &c. ; for part of the oxygen becomes
absorbed or fixed in the form of an oxide of
carbon in the first instance, though ultimately
given off in the form of carbonic acid gas.

The durability of the solid portion of coal,
or that which remains after the compound
gas has escaped, is probably more than double
that of the hydrogen or flame. And as Sir
H. Davy, Mr. Brande, Dr. Ure, and other
eminent chemists have proved, that 100 cu-
bic inches of carbonic acid consists of 33.8
grains of oxygen gas, and 12.7 grains of car-
bon in a gaseous form ; it follows, that for
every 12 Ibs. weight of charcoal or coke con-
sumed, (suppesing them to be pearly pure
carbon), we should require, avoiding decimal
parts, about 33 lbs. weight of oxygen g to
effect their perfect combustion.

But previous to a mass of coal bemg
brought to the state of coke, or what we call
a “ live cinder,” it has given out from one
third to one half its weight of carburetted hy-
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drogen -and bitumen, which, as have been
already shewn, must have required a volume
of oxygen gas equal to twice its own bulk and
four times its own weight, for its perfect com-
bustion. .

It will, consequently, from the preceding
data, be evident, that if we could. take 20 1bs.
weight of good Newcastle coals, and submit it
to distillation and perfect combustion, without
losing any of the product, we should require
for that purposea supply of oxygen gas from the
atmosphere, or some other source, as follows:
Supposing the -coal to give out 8 lbs. of car-
buretted hydrogen, or other combustible gas,
it would consume four times its own weight,
or 32 lbs. of oxygen : and as before observed,
the 12 lbs. of coke would require 33 lbs. of
oxygen, to convert it into carbonic acid; or
32 +33=65 lbs. weight of oxygen requisite
for the perfect combustion of every 20 lbs. of
coal consumed. '

Now, if we consider the atmospheric air as
consisting of four volumes of nitrogen and
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one volume of oxygen, and the relative den-
sities of these constituents,.as 0.972 to 1.112,.
(according to the best authorities), we should.
have, in 100 cubic inches of air, weighing
30.8 grains, about 972x4=3888 for the
weight of the nitrogen gas, and 1.112 for
the weight of oxygen in a volume of atmos-
pheric air: or about 22 per cent. of oxygen
in weight. If, however, we consider atmos-
pheric air (agreeable to the most rational
chemical theory .of definite proportions) as.
a compound of 4+1 atoms, or 80 and 20
parts of the respective gases in every 100,
we should find, in practice, that for every.
pound of coal consumed, and which requires
3.25 pounds weight of oxygen, it would be
necessary to furnish about 16} lbs. of atmos-
pheric air, or in round numbers about 266
cubic feet. '
This calculation presumes the whole of the
coal to be capable of decomposition without
residuum ; whereas the very best kinds of
coal leave a certain portion of earthy'matter,
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in the form of ashes. It is also presumed
that the volatile matter of ceal has been all
comverted into carbanic aeid or other inwisible
gns, instead of a certain. portion being depo-
sited on the sides of the chimney flues; as is
always the case.in our ordinary fires, 'The
latter pamnt, however, so far from rendering
our estimate incorrect, serves to preve the
necassity of this vast supply of oxygen in order
to produce perfect combustion; for it is in
reality the want of this adequate supply of
oxygen. which allows the carbonic vapour to
deposit; itself an the chiraney flues, producing
not only a great puisance, by sccumulating
in masses so as to obstruct the passage of the
heated air thraugh the chimney, and returning
the smoke into the apartment; but it is also
attended with a very considerable waste of
fuel, and the loss of heat at the same time,



" CHAPTER IL
——----~---]

COMPARATIVE VALUE OF DIFFERENT
SPBCIES OF FUEL

THE preceding estimate of the process of com-
bustion, however, requires some modification
when applied to different species of fuel. Mi-
neral coal, (as it is termed) forming perhaps
nine-tenths of the whole fuel consumed in
Great Britain, it becomes of more immediate
importance that we should investigate with
attention the usual modes of employing that
kind of fuel, with' a view of producing greater
economy in its consumption. Foralthough the
supply of thisinvaluable natural productat first
view would appear to be limited only by the de-
mand for its consumption ; yet, at the present
rate of consumption, it is the opinion of one of
the first coal viewers in the north, that the mass
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of coal known to exist in the Durham and
Northumberland coal-field, is not equal to
more than 500 years’ consumption. Conse-
quently, if the population of this island con-
tinue its present ratio of increase, the demand
for fuel will be in the same proportion ; and
the strata of this valuable mineral may become
exhausted, in probably a couple of centuries,
unless greater economy be adopted in its fu-
ture consumption.

But if the interests of posterity be thought
too remote to demand our attention, the
question becomes one of immediate applica-
tion when viewed under the head of civil and
domestic economy. And one of the chief
objects in the present essay, 1s, to demonstrate
that an enormous waste of fuel constantly
takes place, not only in our domestic fires,
but in most of the stoves and furnaces em-
ployed in various kinds of manufacture, from
a deficient supply of air and imperfect com-
bustion of the fuel in the first instance; and
secondly, from the loss of heat sustained by
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the mal-construction of the stove and its ap-:
pendages.

Previous to pointing out the several defects
in principle, in the construction of our fire-
places; or suggesting the means of obviating
these defects; it will be convenient to take a
short view. of the distinction between coal and
wood employed for the purposes of fuel. It
has been satisfactorily proved by Dr. Thom-
son, Dr. Henry, and various other able che-
mists, that mineral coal of the better kinds,
when decomposed, yields :carburetted hy-
drogen gas, (mixed with a small portion of
carbonic acid and sulphureous gas); bitu-
" minous matter in the form of tar, (mixed with |
ammonia); and a considerable. residuum of
coke ; or the solid carbonaceous matter of the
cogl, united with a portion of alumine or other
earthy substance.

The distillation of the ordinary kinds of fire-
wood shews. that its constituents vary consi-
derably. from that of coal.

The first product which comes over, is

c
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the aqueous vapour of the wood in a state
of mixture with the pyroligneous or acetic
acid. Next follows a rapid evolution of gas,
which is found to be hydrogen, slightly im-
pregnated with carbon; and is usually not
more than half the density of the carburetted
hydrogen obtained from coal. Then follows a
portion of carbonic oxide gas, or carbon with
its minimum supply of oxygen. After which
remains the charcoal, or solid carbon, or
nucleus of the wood. The combustion of
equal weights of coal or wood in our ordinary
fires, will therefore be materially different in
~ their results. A pound weight of good Walls
End coal is capable of yielding (by perfect
distillation) five cubic feet of gas, while an
equal weight of dry ash or hazel wood, will
not produce above three and a half cubic feet. -
For the purpose of affording artificial light,
coal gas is much superior to that obtained
from any English wood: -the latter gas not
having its hydrogen so fully impregnated

with carbon, as in coal gas; or more espe-
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cially in olefiant or oil gas. The specific gra-
vity of these combinations of hydrogen and
carbon seems to afford the best test for esti-.
mating their respective illuminating power.
In consequence of the levity of wood gas, the
durability and of course value of wood, as
fuel, is in some measure diminished. The
charcoal obtained from its combustion . forms.
perhaps, for general purposes, the most valu-
able portion of its mass; for it possesses ad-
vantages over coal-coke, both in retaining a
red-heat with a smaller supply of atmospheric
air; and in being exempt from that portion
of sulphureous matter and ammonia which all
kinds of coal possess in -a greater or less de-
gree. - .

From the constitution of coal, it has been
- already shewn, that during its combustion
coal gas consumes about four times its own
weight of oxygen; one half the oxygen form-
ing water, and the other half earbonic acid.
But wood gas containing more hydrogen gas
and less carbon, in a given velume, we ob-

c 2
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tain a greater portion of aqueous vapour, and
disengagement of heat than during the com-
bustion of coal gas; while coal gas gives out
more heat during its combustion than oil gas.
—The theory of this evolution of. heat is ex-
tremely simple :—hydrogen and oxygen, when:
burnt in conjunction, become reduced into the
liquid form, while the caloric which maintained
these substances in the state of gas becomes
instantly given out to the air adjacent ;. pro-
ducing a degree of heat proportionate to the
rapidity with which the union takes place:
But the combustion of carbon in oxygen gas
produces no condensation: in' volume. The
carbonic acid still retaining the gaseous form ;
consequently much less heat is disengaged
than when hydrogen and oxygen are. con-
densed. ‘ .

It is'also to be considered that no sensible
quantity of sulphur exists as a constituent,
even in- the- most resinous or oily species of
wood ; whereas this deleterious substance pre-
vails in some varieties of mineral coal to such

™~

-
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an extent as to render them quite unfit for
domestic purposes. And the coke obtained
from coal (especially such as is produced in
the closed retorts of the gas works) contains a
large portion of sulphur ; which not only viti-
ates the atmosphere of an apartment in a se-
rious degree, but it requires an additional
supply of atmospheric air to effect its trans-
formation into sulphureous acid vapour; and
subsequently to expel this dense and highly
‘moxious yapour up the chimney shaft.



CHAPTER IIIL

| COMPARATIVE SALUBRITY OF DIFFERENT
SPECIES OF FUEL. :

As a comparison of the salubrity resulting
from the use of different species of fuel, or
rather that of the degree in which they re-
spectively vitiate the air for respiration, the
statement may be taken as a near approxima-
tion, thus:—coke, or coal which contains
much sulphur and little bitumen (as the Kil-
kenny and Welch coal or culm) is most highly
noxious to animal life; owing to the want of
sufficient hydrogen to carry off the sulphur
and carbon by means of the chimney flue. The
sulphureous and carbonic acid gases from their
considerable gravity, descending into the lower
parts of a room will very seriously deprave the
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atmosphere for the purposes of animal respi-
ration.

Coal, of the ordinary kinds, follows next in
vitiating the air of a room. Those vaneties
being most noxious which give out the greatest
quantity of sulphur, and but little carburetted
hydrogen. A blazing or “ free burning coal,”.
as it is usually called, being more salubrious,
especially for private or close apartments,
than the more durable varieties; on account
of the hydrogen or gas flame producing a
better current up the chimney, than would
result from a mass of ignited fuel without
flame.

Peat, or turf though forming but a small
proportion of the fuel used in England, con-
stitutes the major part of the fuel used in Ire-
land and part of Scotland. This class of fuel
(which may be termed coal in its incipient
stage of condensation) 1s found in different
districts in such various stages of compression
or solidity, as to render any general statement
- regarding its density very imperfect. Peat or

-~
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turf, cut from the mountain or upland bogs in
Ireland possesses a degree of solidity nearly
approaching to that of coal; and a specific
gravity a little exceeding that of water.
Other specimens of more recent formation,
and especially that cut from those vast tracts
of bog-land called “live bog,” (which produce
a deposite or stratum of turf annually, by the
growth and subsequent decay of a spongeous
mass- of vegetable fibre) is of so porous and
light a texture as to be scarcely worth the
expense of cutting. The best kinds of turf
yield a brilliant white flame ; and in point of
durability, it may be said to be intermediate
between coal and wood, when used as fuel.
There is however a peculiar acrid vapour from
the very best specimens of turf (probably from
the ammonia and sulphur), which renders
this fuel highly disagreeable to many persons
unaccustomed to its use. And wherever good
“coal can be obtained at a moderate price, the
latter is not only a more durable and conve-
“nient fuel than turf, but it is probably less
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noxious to animal life, than the vapour pro-
duced by the combustion of even the very
best kind of turf.

Charcoal employed as fuel in open fu'e-
places, is highly deleterious to respiration.
For although it is. free from the nuisance oc-
casioned by visible smoke, and therefore con-
venient as a detached fire on some occasions,
(such as the drying of rooms after undergoing
repair), yet it should never be ‘employed for
domestic fires, unless a strong current of air
can be allowed to sweep through the apart-
ment, in order.to drive.off the carbonic acid
gas evolved. The density of this gas being
one half greater than that of atmospheric air
(or as 1520:1000), it will disperse itself in
the lower parts of the room, instead of pass-
ing up the chimney: shaft; if charcoal be
used in an ordinary sitting-room, where a
current of air cannot be permitted. In cer-
tain: processes in. the arts, charcoal fires are
almost . indispensable ; but they ought never
to be employed without the means of rea-
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dily carrying off the carbonic acid by venti-
lation. '

Wood, when employed as fuel, is less in-
jurious to the atmosphere of a room than either
of the preceding substances. The best varieties
of English wood for producing a brilliant and
quick fire, are ash, hazel, hornbeam, &c. ; but
oak and beach are the most durable. The
quantity of light carburetted hydrogen given
out from wood during combustion, not only
contributes to that cheerful flame or blaze
peculiar to wood fires, but, as we before
stated, its levity causes it to ascend the chim-
ney flue with rapidity, at the same time pro-
ducing a current of heated air, which draws
after it the vitiated air of the apartment in
conjunction with the carbonic acid formed by
the combustion. It is almost superfluous to
remark, that, after the gaseous product, or
flame of the wood becomes exhausted, the
current, or draft of the chimney, becomes
proportionably - diminished. And although

the live embers of charcoal will retain a state
13
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of ignition even until they become entirely re-
duced to ashes, yet it is ingarious to health for
a person to sit imsaediately over such embers;
from the quantity of carbonic acid gas evolved
by the charcoal.

It appears, therefore, that wood, employed
for the purpose of domestic fuel, not only
affords a more cheerful fire than charcoal,
coal, coke, or peat; but that, when properly
managed, it vitiates the air of an apartment
in a much less degree, both from the product
of the combustion consisting of less delete-
rious matter, and from its greater levity, pro-
ducing a strong current of air through the
chimney, and thereby effectually ventilating
the room.

The combustion of any kind of light brush
or faggot wood, in the grate of a room which
is greatly confined, or which is suspected to
contain a vitiated atmosphere, affords one of
the most ready and most effectual means of
ventilation; and should always be employed
after an apartment has been shut up the pre-'
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ceding night with live coke or charcoal in the
fire-place®. The effect of carbonic acid and
sulphureous acid,” though insiduous in its ap-
proaches, is so highly injurious to. animal life,
and more especially to invalids, that precau-
tions of thiskind in our dwelling houses, where
the doors and windows are made almost air-
tight, ought never to be forgotten by those
who have the charge of such apartments.

* From some recent experiments of Dr. Murray on the
anti-poisonous agency of acetic acid taken internally, we
“might infer that this acid, in the state of vapour, which is
given out copiously during the combustion of green wood,
would also have a salutary agency in correcting miasma
in confined rooms.



CHAPTER 1V.

HEATING PROPERTIES OF DIFFERENT
SPECIES OF FUEL.

HaviNG thus briefly examined the compara-
tive value of the different kinds of fuel, as far
as regards salubrity in use, and the produc-
tion of artificial light ; it will be proper to offer
a few remarks on the most essential part of
the subject, in our present view—the heating
or calorific properties of the different species
of fuel.

This part of our subject is less capable of
definition, or demonstration, than the preced-
ing, from the compound nature of the ques-
tion regarding the capacity of different sub-
stances for caloric, or the matter of heat. It
would be irrelevant to the present enquiry, to
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enter into any disquisition concerning the
nature of caloric. Whether it should be con-
sidered as a substance, per se; or only a qua-
lity or eondition of all matter pervading na-
ture, it will not in any degree affect our pre-
sent enquiry. We shall therefore assume
caloric to be that menstruum which holds
oxygen in solution, in the state of oxygen
gas;—and the capacity for, or rapidity of
attraction, manifested for this matter by the
different inflammable bodies, as the test of
their respective degree of inflammability.
Now, the degree of attraction which hy-
drogen manifests for oxygen, appears to be
greater than that of any other inflammable
matter*. The union of oxygen and hydro-
gen, when ignited in certain proportions,
forming the neutral liquid substance called
water, warrants us in considering these two
gases as the elementary matter of that liquid

* The intense degree of attraction which the new me-
tallic bodies, potassium, sodium, &c. exhibit for oxygen,
is not within the scope of our present enquiry.

™~
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in its opposite states of existence, and of
aqueous matter held in solution by caloric.

It will perhaps serve to simplify and assist
our enquiry, to consider all the compound in-
flammable gases, as hydrogen gas holding
carbon, sulphur, phosphorus, &c. in suspen-
sion *,

Though carbon undoubtedly mcreases the

* The doctrine maintained by several eminent chemists
with regard to the existence of gaseous carbon, appears
* altogether gratuitous. For we are not aware of the ex- -
istence, in a single instance, of carbon in a gaseous form,
except in combination with other matter. Though oxygen
gas is capable of uniting with (or rather, holding in sus-
pension) about 40 per cent. of its own weight of carbon ;
and hydrogen gas will dissolve about seven times its own
weight of carbon (as we can prove by decomposing olefiant
gas), yet we are no more warranted in saying that the
carbon exists as a gaseous body, than we should be in
calling a portion of sugar or salt, which is held in solution
by water, liguid sugar or liquid salt! 1In the latter case
we reproduce the whole of the solid matter in solution,
merely by evaporating the water ; while the whole of the
carbon may be equally abstracted from carbonic acid gas,
by washing it in any of the alkaline solutions.
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intensity of the light given out during the
combustion of these compound gases, yet it
obviously retards the union of the hydrogen
with the oxygen of the atmosphere. For the:
durability of carburetted hydrogen gas, when
employed . for. artificial lights, is found to be
in exact proportion to the quantity of carbon
held in suspension ; at the same time the in-
flammability of the gas, or its rapid union
with oxygen is proportionably retarded. And
as might be naturally expected, the heat given
out during the combustion of these compound
gases will follow the same law—its intensity
must diminish in proportion as the hydrogen
is impregnated with carbon.

That the most intense degree of heat we
can produce artificially results from the vio-
lent attraction manifested by hydrogen for
oxygen, is proved by that very beautiful in-
vention, the oxy-hydro-blow-pipe of the late
Dr. Clarke. In the operation of this instru-
ment we may almost be said to have no com-
bustible body present, though we have the
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elements of flame in a high degree. For if
the jet of compound gas (= 88 oxygen and 12
hydrogen) be thrown into a heated chamber
of 1ron or porcelain, at any temperature above
700 degrees Fah. the gases instantly unite
and form water ; at the same time giving out
an intense degree of heat to the adjacent
media. Now this heat is nothing more than
.the sudden disengagement of that portion of
_caloric which previously existed in the two
gases ; holding, as it were, the elements of
~water in their ultimate or gaseous states of
existence. o
There is however an essential difference be-
“tween the caloric existing in the form of steam
or aqueous vapour, and that which exists in
the form of oxygen and hydrogen gas. In
steam, caloric exists merely in a state of me-
chanical or artificial mixture ; from which it is
- disengaged by the contact of any media hav-
. ing at the moment a lower temperature. But
in the form of gas, the caloric has lost its sen-
sible properties and become passive or latent;
D
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and is capable of maintaining its gaseous form
under every reduction of temperature.

This view of the agency of caloric would
lead us infinitely beyond our present limits
were we to pursue the enquiry in detail, we
must therefore confine ourselves to the imme-~
diate subject under consideration—the pro-
duction of artificial heat—by tracing, briefly,
the economical agency of oxygen during the
process of combustion.

Although a more powerful degree of attrac-
tion seems to exist between hydrogen and oxy-
genthanismanifested by the otherinflammable
bodies, yet carbon and oxygen unite also with
great avidity ; and from the universal presence
of carbon (forming as it were the nucleus of
all kinds of vegetable fibre, and the chief con-
stituent in all the varieties of animal and veget-
able oils) it must be regarded as the basis of -
permanent combustion; whilst hydrogen
forms the basis of flame.

From the phenomena attending slow com-
bustion, we should consider carbon as the pa-
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tient and oxygen as the agent. For during
the process, carbon is reduced to the gaseous
state by the oxygen, forming carbonic acid :
while the volume, and all other essential pro-
perties of the oxygen undergoes no change
permanently.

Oxygen may therefore be considered merely
as the vehicle for dissolving and carrying off
the carbon given out by the process of com-
bustion. Or, stated in anqther form—oxygen
is the agent by which carbon becomes trans-
ferred from its solid state, or in combination
with hydrogen ; to that of an oxide, or neu-
tral gaseous state, as in carbonic acid. But
during this solution of carbon in oxygen gas,
the more valuable part of the process as con-
nected with civil economy takes place, the
disengagement both of lightand heat.

It 1s, however, worthy of remark that a very
essential difference exists between the pheno-
mena resulting from the union of hydrogen
and oxygen, or that of carbon and oxygen :
though both these processes evolve heat and

D 2
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light. Hydrogen and oxygen as we before
mentioned being condensed into the liquid
form of water; the most valuable agent in
nature. -Whilst carbon and oxygen still main-
tains the gaseous form even when submitted
to the lowest temperatures or to-the most in-
tense heat of our furnaces.
With regard to the valuable properties of
fuel as applicable to. domestic purposes, it
would hence appear, that  those substances
- which yield the greatest proportion of hydro-
gen will ceteris paribus be most valuable.
Consequently the more inflammable varieties
of wood ought to-give out a greater degree of
_heat, in a given time, than an equal weight of
coke or coal. From the evanescent nature of
hydrogen and its compounds, it is however,
necessary that if any kind of wood, or any of
the vegetable or animal oils be employed for
producing heat for domestic uses, that the
- combustion of these substances should be ef-
fected in close vessels; so that the heat be
~ transferred immediately to the required point,
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instead of being allowed to radiate or become
lost by its escape into the atmosphere.

According to this view of the subject it will
be evident, that a pound weight of wood
would heat a given area or apartment 10 or
15 degrees Fah., in a much shorter period than
an equal weight of coal, provided the heated
air be not allowed to escape through the chim-
ney shaft. For temporary purposes, therefore,
as in apartments which require the tempera-
ture to0 be ‘elevated a few degrees in a short
time, it would appear that wood of good qua-
lity, or that which 1s most ‘inflammable, pos-
sesses very decided advantages over coal or
coke for heating apartments.

The most economical method of using wood
for the purpose of fuel, is that of a close cham-
ber stove, such as is in common use in Ger-
many and the chief part of the north of Europe,
and which will be described hereafter. If the
plan of constructing our fire-places in -this
country for the burning of coal, be defective
in principle, the mode of burning wood in our
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farm houses and cottages is infinitely worse.
From the fugacious properties of this fuel, it
would not be too much to say that at least
three-fourths of the heat produced from wood-
fires (more especially the smaller kind or fag-
got wood) is lost to the apartment by its
escape up the chimney. Whereas, the very
small portion of carbon or soot that deposites
itself from the smoke or vapour of wood, would
allow pipes to be extended in a lateral or any
other direction, so as to give out nearly the
whole heat of the fuel to the building without
producing any ultimate inconvenience by the
choaking of the pipes. How long the present
wasteful as well as inconvenient system of
burning wood will yet prevail in the cottages
of the poor of this country it is impossible to
guess. For any person endeavouring to con-
vince them of their want of economy in this
respect, would have to contend both with ig-
norance and prejudice in favour of every old
custom, however absurd.

Improvement must, in such cases, doubtless
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emanate with the better classes. But it is to
be feared that very valuable class of our po-
pulation, called the ¢ English Yeomen,” are
not much more exempt from prejudice against
all kind of improvement, than their more
humble neighbours. It is therefore almost
“hopeless to expect that any suggestions should
prevail over those who employ wood for fuel
m this country, to adopt the infinitely more
economical plan of burning it in a elose stove ;
notwithstanding the high price of fire wood in
many inland parts of the kingdom, where
coals are not to be procured, but at a still
greater price. To such persons it is only ne-
cessary to observe that,—in spite of the self-
complacency of our countrymen generally, in
considering themselves so many degrees supe- .
rior to foreigners of every nation, in civiliza-
tion and the useful arts—the subject of the
present essay is much better understood, and
the due management of fuel for the purpose
of producing the greatest effect from a given
quantity is better practised throughout evefy
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country in Europe than it i3 in Great Britain
at the present day.—At a period too, when
the useful arts in England are making the
most gigantic strides in advancement; and
more especially that class of the arts which is
altogether dependent on, or chiefly connected
with the consumption of fuel.

With regard to the question of economy in
the consumption of coals in our steam engine
-furnaces, founderies, &c. the subject has met
with a proper degree of attention from the num-
ber of ingenious men who have employed - their
talent in the various improvements made of late
years in these valuable inventions ; though in
many of the minor operations of the arts,
where fire 1s employed in the process, a great
waste of fuel still exists, from the misconstruc-
‘tion of the apparatus or a mismanagement of
the fire. But the quantity of fuel wasted in
‘this manner bears no proportion to the enor-
‘mous waste occasioned by the mal-construc-
tion of our domestic stoves or grates. And,
what is perhaps of not less consequence to
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the inhabitants of large or populous towns,
the nuisance and unwholesome atmosphere

produced by the evolution of such vast masses
of coal-smoke. |



CHAPTER V.

|

CONSUMPTION OF SMOKE.

THis leads us to the question as connected
with the destruction, or as it is termed the
“ consumption of smoke;” a point which has
particularly engaged the attention of several
scientific men within these few years past.
It must be obvious, that the only possible way
in which this desirable object can be accom-
plished, 1s, by causing the smoke which is
given out from recent coal, to pass through a
red-heat ; either at the instant of its evolution,
or before it ultimately passes into the chimney
shaft.

Various plans have been devised for convey-
ing away the smoke from such stoves as are

~
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employed for heating spacidus apartments or
churches, where fire places of the ordinary
construction attached to a chimney in the
side walls would be inadmissible.

It must be acknowledged, that, so far as
carrying off the smoke is concerned, these
“ air stoves,” as they are called, are decided
improvements in point of elegance over those
which have a series of flue pipes leading from
the top of the stove through the roof, or the
outer walls of the building.

In point of economy, however, the air stoves
are much inferior to those of the old construc-
tion. For the ranfied air in conjunction with
the smoke being made to pass downwards
through the hollow back or sides of these
stoves into the floor or chamber beneath,
from whence it 1s carried out into the atmos-
phere, the greater part of the heat evolved
from the fuel is carried out of the apartment
the moment it is disengaged. Whereas, the
heated air and smoke while passing through
the range of flue-pipes, in stoves on the old
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construction, will have given out the greater
portion of its caloric previous to its arrival in
the open air.
The same inconveniences will attach to both
 these plans of conveying off the smoke from
detached stoves, in the lability of the flues or
passages (whatever may be their area or
figure) to become choaked up by the deposite
of soot or bitumen of the coal. For notwith-
standing the inventors of some of these fancy
stoves pretend to consume the smoke, yet it
13 a mere pretence, for the purpose of recom-
mending their inventions to public notice
and patronage. It may be asserted, without
the hazard of demial, that no modification
whatever, of our domestic stoves, on their
present principles, will allow of the consump-
tion of their own smoke. From the very
principle on which the draft or current of air
in chimneys depends (and which will be here-
after fully described) the smoke or undecom-
posed carbonic matter cannot be entirely
consumed ; some portion will always make
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its escape, in conjunction with the heated or
rarified air produced by the combustion.

The deposite of soot in a ch'miney flue de-
pends in a great measure on the mal-construc-
tion of these flues, not only from their too
great capacity, usually, but from their lateral,
or at least angular projections, obstructing
the ascent of the smoke, and thus making it
deposit its undecompounded carbon, or soot,
against the sides and angles of the flue.

But the evolution of smoke depends in a

great measure on the method of supplying
“the fire with fresh fuel; and still more, on
the manner of giving the proper or sufficient
“supply of atmospheric air, in order to carry on
the combustion.

Supplying a fire with fresh coals from
above, must necessarily produce a consider-
able waste of fuel, from the immediate dis-
engagement of a dense smoke, which carries
off a great portion of the inflammable mat-
ter of the coal, in conjunction with the
aqueous vapour and ammoniacal gés.l And
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this effect is increased in proportion to the
quantity of recent coal thrown on at one time.

- A very mistaken notion vulgarly exists on
this point,—and which could scarcely have
been suggested but by some one interested in
the consumption of coal,—that it is econo-
mical to supply a fire with a large mass of fuel
at once, rather than to add it occasionally, as
may be requisite for domestic purposes.

If domestics could be made acquainted
with the loss of heat sustained by adding
large masses of coal at one time, and the con-
sequent delay and inconvenience to their cook-
ing operations, they would not so uniformly
resort to this wasteful practice, on their own
account, whatever disregard they may evince
for the household economy of their masters.
It 1s, however, pretty well understood, that
the upper class of servants, in many families,
have a direct interest in the amount of the
coal merchants’ bill! consequently, econo-
mical arrangements, for the more effectual
combustion of fuel, as well as ordinary dis-

13
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cretion in supplying domestic fires, become
secondary considerations ; or rather, are con-
sidered according to the inverse ratio.

It is also a source of constant complaint
with those, whose ingenuity have devised any
improvements in kitchen stoves and culinary
apparatus, for the greater economising heat
and preventing waste of fuel ; that domestics,
—more especially those important person-
ages termed cooks—almost uniformly resist
the adoption of these improvements, (either
through ignorance, or from some less excuse-
able grounds), unless their employers have
the firmness to retain the command of their
own household, by making the adoption of
any requisite improvement a sine’ qud non in
the services of such domestic. '

Yet, it must be acknowledged that, in spite
of all authority or mandate, our domestic
comforts are so much under the controul of
the aforesaid important class of persons, that
the man must have some little temerity who
defies, or dares to be on bad terms with the
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head (whether male or female) of the culmary

establishment !
The addition of small quantities of coal at

~one time, is far more economical than large
masses, from the almost immediate elevation
of its temperature, by which the inflammable
gases ignite and form flame, instead of being
driven up the chimney shaft, (or, as it often
happens in chimneys badly constructed) being
thrown out into the room in the form of
dense smoke ; such smoke being not only in
itself an intolerable nuisance, but also carry-
ing off that carbonic matter, and depositing
great portion of it in the chimney, which
ought to have been decomposed by the fire
into carbonic acid gas, giving out light and
heat to the surrounding apartment. '
As the compound gases disengaged from
coal 1n its recent state, are much lighter than
atmospheric air, the smoke disengaged from
heated coal must always ascend ; which
ascent is greatly promoted by the rarified
air adjacent to the burning fuel following
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the same route. It is therefore obvious, that
the only way in which we can deflect this
vertical column of smoke and warm air down-
wards, or in an opposite direction to that pro-
duced by its own specific gravity, will be to
oppose a stronger current of cold air from
above, so as to make the smoke pass through
the ignited fuel, and thus be converted into
carbonic acid or invisible gas.

This is the only principle on which the com-

bustion of the floating carbon, or, asit is com-
monly termed, the ¢ consumption” of smoke
depends. There is not, in fact, any consump-
tion of volume, in the gaseous matter, in this
instance ; but that portion of carbon which-
previously existed in the opaque form of smoke
(or sub-oxide of carbon with perhaps a little
hydrogen combined), becomes converted into
carbonic acid, (or saturated solution of car-
‘bon in ‘oxygen gas) by passing through the
ignited‘fuel, and escapes 1n its invisible form,
by the vertical or other flues at the back of
the fire-chamber. -
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Now this principle has been adopted under
different modifications, as to form and ar-
rangement, by several persons, in order to
destroy great part of the nuisance arising
from the evolution of large volumes of smoke.
And it has to a certain extent succeeded,
where the construction of the fire-place is not
immediately dependant on the nature of the
manufacture or process carried on. It will,
however, be obvious, that this mode of con-
suming smoke, can only apply to enclosed
stoves, or fire-chambers. For the return of
the column of smoke in an open-fronted stove
or grate, would inevitably throw out.the
greater portion of its volume into. the sur-
rounding air of the apartment. - ,

It is, moreover, essential, that the supply
of air for .combustion should be given. froyﬁ
above, instead of beneath the fire, as in our
present domestic stoves. As the different
kinds of stoves which have been invented for
destroying the smoke, and economising fuel,
in the heating of buildings, will be described
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under the proper head in the body of the
work, it is only necessary here to add, that it
appears to be quite impossible to apply the
principles of economy in the management of
fuel, to the greatest advantage, whilst our
national taste makes us obstinately adhere to
what is termed ¢ the fashion ;”—or, in other
words, an attachment to mere qonventional
points of ornament or caprice; instead of
utility, domestic economy, and health.

1:.2
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|

CHANGES INDUCED IN THE AIR BY
COMBUSTION AND RESPIRATION.

It will be necessary to examine, with some
degree of attention, the changes induced on
atmospheric air by respiration, combustion,
and fermentation ;—by way of ascertaining
the most ready and effectual means of coun-
teracting the deleterious influence of such
vitiated aerial matter, at the instant of its
evolution : or, if that be impracticable—of
suggesting the most economical way of dis-
persing such noxious matter, by a free supply
of air from the atmosphere.
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.- It has been satisfactorily shewn, by nu-
merous experiments, -conducted by the most
eminent chemists and physiologists of the
present age, that the change induced in.at-
mospheric air by animal respiration, is nearly
as follows :—A given portion, of common air,
(consisting of oxygen gas:21, and azote, 79 ;
or, in round numbers, 1 of the former, and 4
of the latter), being inhaled into the air-cells
of the lungs, and, after a few seconds, being
ejected into a pneumatic jar or receiver, and
subsequently examined by chemical tests, is
found to have lost very little, if any, of its
volume ; but the oxygenous portion is become
charged with carbon, under the form of car-
bonic acid gas. At the same time a c.értain
quantity of steam, or aqueous vapour,. is
emitted ; but whether this vapour is the result
of any union between a part of the oxygen of
the air and the hydrogen in the human frame ;
- or whether it is due to the quantity of water
or vapour, which the high temperature of the
expired air would naturally hold in suspension



54 CHANGES INDUCED IN THE AIR

~—has not yet been very satisfactorily deter-
mined. The latter presumption is far the
more probable. For if any material portion
of oxygen were absorbed, and condensed in
the formation of water, (and we have already
shewn, that every cubic inch of hydrogen
would require half a cubic inch oxygen), the
valume of ‘the air expired from' the lungs;
would be considerably diminished :—wheréas;
the diminution in bulk is very slight, ot
scarcely app'l'ecia;ble, if the experiment be
carefully performed ‘and the’ average of
several expenments obtained.

" The subsequent passage of this expired air
through a portion of lime water, also shews
that neatly the whole of the matter abstracted
from the lungs, was carbon, or carbonic mat-
tef, accompamed by slight traces of ammonia -
and sulphur. '

" It has hithérto been COnsidéred'by che-
mists of the first eminence, both English and
foreign, that the salubrity or vitality of at-
mospheric air, dépends almost entirely, if not
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altogether, on the due proportion of the oxy+
genous part, and the exercise of its power-
ful agency in absorbing and carrying off the
carbon, &c. of the blood, during the process
of respiration. That ornament of British
science, Sir H. Davy, during many of his
elaborate experiments on the decomposition
of the alkalies, proved that the azotic por-
tion, or nitrogen of the atmosphere, resisted
- all attempts that could be made for its further
decomposition, either by means of the gal-
vanic battery, or by the combustion of the
alkaline metals, potassium or sodium. Ni-
trogen is therefore entitled to the name of
simple gaseous matter, perhaps in a greater
degree than any other substance. v

By farther experiments, the same illustrious
chemist proved azotic gas to be the peculiar
matter, or base of the nitrous or nitric acid ;
hence the term nitrogen, which is now more
general, and perhaps more appropriate than
the French denomination, azote. But, not-
withstanding the peculiar properties of this
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gaseous matter, and the circumstance of its
constituting four-fifths of the entire bulk of the
atmosphere, its agency in the economy of na-
ture, appears to have been a point which phi-
losophers have hitherto overlooked, or at least
have assigned its operation to a very limited
sphere, in the supposed production of natural
phenomena.

"Dr. Ure, in his invaluable Chemical Dic-
tionary, thus concludes his notice of the pre-
sent state of chemical research, with regard to
nitrogen :—* Its uses in the economy of the
globe are little undersood. This is likewise
favourable to the idea, that the real chemical
‘nature is as yet unknown, and leads to the
hope of its being decomposable. It would
appear that atmospheric azote and oxygen
'spontaneously combine in other proportions,
under certain circumstances, in natural ope-
rations. Thus we find, that mild calcareous,
or alkaline matter, favours the formation of
mnitric acid, in certain regions of the earth;
and that they are essential to its production
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in our artificial arrangements, for forming
nitre from decomposing animal and vegeta-
ble substances.”

Now the acknowledgment of so high an
authority as Dr. Ure-in chemical science,
“ that the uses of nitrogen in the economy of
the globe ‘are little understood,”—though cal-
culated to make us despair of absolute suc-
cess, in any such investigation; yet the writer
of these Observations, feeling how intimately
such enquiry is connected with the immediate
object of the present work—has, with some
diffidence, ventured to throw out the following
remarks, on the probable influence whick ni-
trogen may be supposed to exercise, not only
in the functions of animal life, but also.in
other departments of the grand and beautiful
laboratory of nature.

That azote, or nitrogen gas, does not appear
to exercise any considerable agency, either in
the respiration of animals, the combustion of
fuel, or during the decomposition of animal
and vegetable substances, 1s no proof that such
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agency may not exist! That the powers of
our organs of perception are limited, very
limited—it would be presumption to deny.
We may doubtless demonstrate and classify
that portion of the operations of nature which
is tangible to our imperfect powers; but with
regard to that which i1s beyond our vision or
perception—no small portion of creation !—
we must content ourselves by merely reason-
ing from analogy, or employing synthetical
calculation, in order to form any tolerable
conception of the agency of a variety of mat-
ter in the grand arcana of nature. And, from
the substance called nitrogen, having eluded
the experimental researches of the most emi-
nent chemists of the present age, we are the
more justified in applying this mode of én-
quiry, to estimate the real nature of that in-
teresting substance. '

To suppose that .the great mass of our
atmosphere should be unemployed, or inert,
in the great magazine of nature, while the
minor part is known to be so important
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an agent in the animal functions; would be,
to suppose an inconsistency in the grand’
designs and objects of the Great Author
of the universe, who surely cannot be ima-
gined to have created a smgle atom ‘in
vain! '

If nitrogen were either neutral gaseous mat-
ter,’or a mere diluent of the oxygen of the
air, it would, in all probability, not have
constituted four-fifths of the entire mass,
whilst one-fifth only is apparently employed
in respiration, &c.

We know not whether the nitrogen'of the
atmosphere may not be equally instrumental
in carrying off the hydrogen, (under the form
of ammoniacal gas), as the oxygen isin carry-
ing off the carbon as carbonic acid gas. We
know certainly that the process of digestion
and subsequent putrefaction, gives out a very
considerable portion "of compound gas; more
especially from many varieties of vegetable
food.  And we ‘are able to ascertain with
tolerable accuracy, the nature of these gases,
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which -prove them to consist of hydrogen
impregnated with carbon, sulphur, phospho-
rus, &c. ‘

-~ Now, without admitting the agency of ni-
_trogen in’ this case, it would be difficult. to
account for the expulsion of this gaseous mat-
ter from the human body.  Though it must
appear to be equally necessary for the preser-
wvation of health, that this gaseous, or, as it
may be called, alkaline and animal matter,
should be carried off from the body; as that
the carbon of the blood should be expelled
from . the - system by the oxygen absorbing it
from the air-cells of the lungs.

- Or we should perhaps have stronger reasons
to believe in the agency of nitrogen, as an in-
dispensible in preserving the healthy functions
. -of animals, if we take into account the vast
. -quantity of transpirable matter given off from
the surface of the body in a healthy state.
.Now although carbon may form a certain por-
tion of this gaseous matter of the skin, yet our
. olfactory nerves demonstrate to -us beyond a
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doubt, that a considerable portion consists of
the volatile alkali called ammonia, which |
alkaline gas is known to be a compound of

hydrogen and nitrogen. '



CHAPTER VIL

|

PROBABLE AGENCY OF HYDROGEN GAS
IN NATURAL PHENOMENA.

Moxs. Guy Lussac, in some late researches
on this interesting compound, having demon-
strated that 3 cubic inches of hydrogen gas,

and 1 cubic inch of nitrogen, on being mixed
" together, become condensed into half their
volume, or 2 cubic inches of ammoniacal gas,
possessing a spec. grav. of 590, atmospheric
air equal 1,000; or conversely,—100 cubic
inches of ammoniacal gas, may be decomposed
into 50 inches of nitrogen, and 150 of free
hydrogen.

As hydrogen is known to be evolved in vast
quantity by the decomposition of vegetable
and animal substances ; and probably during
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the decomposition or evaporation of water
also; we should be at a loss to'account, for the
immediate disposal of such immense volumes
of thls gaseous matter, without allowing the
agency of nitrogen gas. for its reception, and
condensatlon From the extreme levity of
hydrogen (pure hydrogen not weighing more
than about 1:15 common air; or as .070 to
1000) it would ascend_‘th(rough the lower
strata of the atmosphere with vast rapidity
at the jnstant of its evolution, by the decom-
position of vegetable and inflammable sub-
stances, provided it met with no obstacle to
retard its progress. '

- The admixture of hydrogen and oxygen at
the ordinary temperature of the air produces
-no perceptible chemical change, or reduction
of volume ; though their union at about 700
degrees Fah. is attended with such violent
effects, from the disengagement of light and
heat, and the consequent reduction of volume
from 2.000 to 1. The admixture of hydrogen
and nitrogen, on the contrary, enter into -che-
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mical combination at the ‘'common- tempera~-
tures; attended with condensation of volume
=.5 of the component gases. Hydrogen gas,
therefore, on being evolved by the decompo-
sition of : vegetable matter, will be immedi-
ately arrested, and partially condensed, by
coming in contact ‘with the nitrogen of the
air ; while the oxygen of the air will not unite
with - hydrogen, until the latter forms more
than three times.its own bulk of the nitrogen
present. - Or, in other words, until all the
nitrogen has been converted into-ammoniacal
gas. - Which process would require (accord-
ing to the proportions assigned by M. Lus-
sac) 12 volumes. of hydrogen to every 4 vo-
lumes. of nitrogen in the atmosphere. - Or; a
quantity of hydrogen =12:5; or more than -
double that of the whole volume of the atmos-
pheric mass ! :

Now hawever preposterous such a sup-
position appears at first view, something of
this nature would obviously be the - result, if
the vast portion of hydrogen (and its com-.

10

™~
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pounds carburetted, sulphuretted, -and phos- -
phuretted hydrogen) known to be constantly

given out into. the atmosphere by vegetable
and amimal decomposition, had no other

agent to effect its removal than the oxygenous .
portion of the air. Which has been. hitherto
considered, or rather. assumed to be the only
“ vital” :portion of the atmosphere. Though .
we have endeavoured.to shew that oxygen
is not capable of uniting chemically with these
noxious gases at the ordmary temperature of
the air. : )
But.in adrmttmg the agency of mtrogen, as
before mentioned : we have, in:the first in-
stance, a vehicle always present.to seize upon
and carry off the hydrogen gas, from its usual
combinations with ;s'ulph'ur,: carbon, &c.. as it
becomes gradually evolved during the processes
of organic.decomppsition. While these noxious -
substances will be again precipitated - in: the
solid form, either immediately .they. become
liberated from the. hydrogen ; .or else by unit-
ing in a state of .mechanical mixture or sus-

F
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pension with the oxygen of the air in the first
place, and subsequently, be abstracted from
this combination by the attraction manifested
by lime and the otlier alkaline bodies.

This theory of the different states of exist~
ence in which carbon, sulphur, or phosphorus
enters into combination with hydrogen, or
with oxygen, is beautifully illustrated by the
process of gas-making.’

For the purpose of purifying Coal gas,—the
crude gas after being passed through con-
densing pipes to arrest the undecomposed tar
and ammonia, 13 passed through a solution of
lime, or lime in a state of powder; by which
means the whole of the sulphurous acid exist-

~ ing in the gas, as well as the chief part of the
carbonic acid is arrested by the lime, forming
sulphate and carbonate of lime. Whilst the
earburetted hydrogen or pure inflammable
gas passes on through the mass of ime with-
out any material diminution of its volume.

We may, therefore, be allowed to call
the former compounds in this case, by the

™~
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name of meéhanical ixtire, of saspensiorn ;
while carburetted hydrtogen is & chemical so-
lution of carbon in hydrogen gas, and conses
quently not decomposable by other matter at
the ordinary temperature of the atmosphere.
The routine which a portion of vegetable
substance (or more properly carbon in con-
junction with hydrogen, as the chief consti-
tuents of wood) undergoes in its different stages
of decomposition may therefore be very nearly
traced as follows :—By the fermentative or
putrefactive process, part of the carbon of or-
ganised matter becomes carried off by the
oxygen of the atmosphere, while the hy-
drogen, being disengaged, will fly off in a
gaseous form. But we have seen that it will
immediately enter into a new combination,
by uniting with the nitrogen of the atmo-
sphere, and forming gaseousammomia. This
ammonia will again be absorbed with great
rapidity by any water which may be adjacent,
while the carbonic acid formed by the oxygen
of the air (including the carbonic or sulphu-
F 2
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rous matter. left. behind by the hydrogen in:
forming ammonia) will ‘be absorbed by any-
calcareous- or alkaline substances adjacent.
Chalk or limestone consisting of .44 of car-
bonic acid and .66 of lime. -



CHAPTER VIII.

' MEANS. OF . DETECTING -NOXIOUS GAS IN
HOUSES; AND OF COUNTERACTING ITS
EFFECTS. .

THE purity or impurity of the air. we breathe
~admits of a wide and most interesting field for
investigation, - not -only as it:influences the
functions of animals,: producing. health or dis-
“ease, but also as it affects vegetable life. .But
‘we cannot extend -our.limits.beyond that. of
its immediate connection with the subJect of
the following pages. -

By examining -with -attention -what takes
place during the deterioration of air by respi-
ration, or combustion, we are enabled to.em-
ploy certain .means for obviating, or-at least
neutralizing, the noxious agency.of such .vi-
tiated .air upon animal life in general.

For example :—In any .confined apartment

’
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which does not admit of a current of air, a
number of persons will very soon .render such
an atmosphere highly insalubrious; not only
from the carbon thrown out from the blood,
but also by the ammonia resulting from the
transpirable matter of the skin. '
Now we have previously stated, that water
will absorb nearly 460 times its own bulk of
ammoniacal gas ; whilsta solution of lime will
absorb from two to three times its awn bulk
of carbonic acid. It cannot therefore admit
of a doubt, that, if we place an open vessel
containing fiesh, or pure water—or which
would be preferable, water with a small por-
tion of recent lime dissolved in it—in any
‘apartment where the air has been much vi-
tiated ;—that the greater portion, if net the
whole of the noxious matter will be absorbed.
It would in such cases be advisable to stir oy
agitate the liquid, so as to bring its whole
mass in contact with the air in succession:
and alse desirable to have it renewed, when
the liquid may be supposed to be saturated
with the gaseous matter. In the event of a
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close room having its atmosphere depraved
by the combustion of artificial lights; o
which is still worse, by the comhbustion of
charcoal or coke; a large vessel containing
recent lime-water would have a most salutary
effect, by absorbing the carbonic acid. '

It is on this principle only that white-wash+
ing the walls of buildings is found so condu-
cive to their salubrity. Recent lime absorbing
carbonic acid from the air with considerable
avidity. For this purpose, however, pure
lime-wash is preferable to whitening; for the
latter substance is already a sub-carbonate of
lime, consequently it cannot evince so much
- attraction for carbonic acid, as lime in its re<
cent state from the kiln.

In descending coal-mines, wells, cellars, or
other subterraneous chambers, more or lesy
carbonic acid gas is ‘almost always found in
a state of mixture with the air. In such
cases, perhaps the only effectual way of puri-
fying the atmosphere would be by expelling
the noxious gas mechanically, That is, by
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‘employing an exhausting pump with a leather
“hose; or pipe, reaching to' the bottom of the
chamber; (this gas being much denser than
> common air) or, which would be far better—
using & condensing, or force-pump, to throw
“in ‘atmospheric air; which would of course ex-
pel an equal volume-of the noxious gas. -+
-+ In:those cases where such means are not
applicable—If a vessel or vessels such as open
“mouth buckets containing lime water, were
lowered . into those chambers or cavities'pie-
vious 'to: any person venturing to descend in
such hazardous - situations, it would be the
means of at least diminishing the danger, by
absorbing some portion of the carbonic acid
In order to ascertain whether carbonic acid
gas exists in any vault, or other situation,
{(where,. on account of its -density it will
always occupy the lowest level) a lighted
candle or lamp-may be employed with the
‘greatest advantage. -A candle attached to a
longpole, or an open lanthorn suspended by

— e ———— ——— ey
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a rope may be lowered into the area or flooring

of the vault. - If the light burns dim, and be-

" comes speedily extinguished, there is consi-
derable danger in any man venturing down

the vault or well. Bat if the light be imme-
diately. extinguished, it would be inevitably
fatal t0 a man attempting to descend.

If, on the other hand, a light on being low-
ered to the flooring of such apartment, burns
 with its usual brilliaricy, it is a proof that little,
if any, carbonic acid gas. exists'in the atmo-
sphere of such vault or cellar.

A great source of the carbonic acid gas in
cellars, brewhouses, &c. ; arises from that gas
‘being evolved in great abundance by the fer-
mentation of wine, beer, &c. But its accu-
mulation, 18 in a great degree dwing to the
‘exclusion of atniqépheric air, in order to pre-
vent those changes of temperature so frequent
in our climate; and which is so injurious to
that equable fermentation found to be essen- -
tial for all vinous liquids, destined to keep
any considerable time previous to use.
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enters into the formation or production of
stagnant water ; we may infer, with tolerable
accuracy, the nature of its contents: and
calculate the probable effects of its subsequent
evaporation or solution in the circumambient
atmosphere.

In tracing the progress of gaseous matter
through its different states of existence, we
have alrea.dy shewn, . that water absorbs a
vast quantity of ammoniacal gas. Now this
gaseous matter may be always distinguished
by its peculiar odour, the volatile alkali. And
as_might be inferred, the stagnant. water {)f
ponds (more especially where vegetable mat- -
ter abounds) always exhibits the disagreeable
effluvium of ammonia ; particularly when agi-
tated so as to disengage this gaseous matter.

But in many cases the smell of sulphuretted.
hydrogen, or that offensive .gas which ema-
nates from cloace, or other collections of ani-
mal matter, 1s also very distinguishable when
stirring the water of ditches. The water also
contains a small portion of light carburetted
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hydrogen gas ; as may be proved by filling a
tumbler “or "wide-mouth bottle ‘with water,
and holding it inverted on ‘the surface of such
pond or ditch, whilé the water'is stirred with
a stick. “When bubbles ‘of this gas in com-
bination with sulphuretted hydrogen, will ris¢
through ' the water and displace the water in
the bottle.—On being mixed with from 5 to
10 times its volume of atmospheric air, an
explosive mixture will be forined, which may
be -fired -by applying a lighted taper; care
being taken to perform the experiment with a
small quantity of the inflammable- gas, and a
‘wide mouth bottle, in order to prevent acci-
dent from the sudden expansion of the explo-
sive mixture bursting the bottle.

Stagnant water may therefore be consi-
dered as'a weak solution of ammonia ; ‘con:
taining also a certain portion of sulphuretted
or carburetted hydrogen gas; and the 'quahf
tity of ‘ammonia will obviously depend on the
length of time and the quantity of vegetable
matter in the state of decomposition ; as well
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as from the progress of evaporation of the.
aqueous particles ; by which the alkaline msat-~
ter will, of course, become more concentrated
in proportion. Such putrid water, for instance,
as the ditches or dykes of the lower levels, or
fen-countries exhibit at the latter end of the
summer, from the preceding evaporation, and
the want of rain.

Now it will be easy, from these data, to
explain the origin, (or at least the probable
cause) of those intermittent fevers which are
known to be peculiar to the districts before
mentioned ; and which are always most pre~
valent in the’ autumnal season, when  the
ditches, or stagnant water, become neatly
evaporated. . e

While these ditches remain filled, or nearly
filled, with water, the exhalations are proba~
bly confined almost entirely to the aqaeous
particles; but as the water evaporates, the
alkaline, or deleterious matter, will at length
follow the same course; and consequently
impregnate the air of the immediate neigh-

12
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bourhood with its noxious qualities. The bad
effects of which will be greatly increased, if
- any kind of animal matter also exists, in eon-~
Jjunction with the putrid vegetable substances,
or their residuum—ammonia, and the other
deleterious gases*.

That this is the true theory of the produc-
tion of putrid water, when exposed to the air,

* It is highly probable that the mal-aria, which ren-
ders the Campania in the vicinity of Rome so insalubrious
in the autumnal months, is occasioned by the evolution
of this gas. The flat surface of the land, and the want
of drainage owing to the culpable idleniess of the inhabit-
ants, allowing the water to stagnate in the ditches; and
with the heat of the climate very soon becoming pu-
trescent : while the great rapidity of evaporation will at
length render these ditches perfectly dry, and of course
dissolve the alkaline or putrescent matter in the adjacent
atmosphere.—In districts where water dikes or canals
form the sub-divisions of the land, these receptacles of
water should always be of sufficient depth to prevent
their entire evaporation during the autumnal season.
And, wherever it is practicable, they should also be sup-
plied with a small stream of fresh water, in order to pre-
vent stagnation and putrefaction.
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is proved by the well-known fact, that rain-
water, or river-water, which contains httle, if
any, saline’ matter in combination, is most
liable to putrefaction; while spring-water,
which contains usually some portion of saline
or mineral substance, will keep sound for a
longer period. And sea-water, or strong so-

lutions of other minerals—as is well known—

still farther resists the process of putrefaction ;

probably from the muriatic or other acids re-

sisting the absorption of ammonia from the

air. -
The water of peat-bog has also the property
of res1stmg putrefaction in a remarkable de-
gree. But whether this is to be ascribed to
the existence of the carburet of iron usually
found in such bog-soil, or to other mineral
matter in combination, is not exactly known.
The fact is, however, of vast importance, as
regards the salubrity of districts such as
Holland, and the greater portion of Ireland,
and parts of Scotland, and the North of Eng-
land. For the stagnant ponds of water, (from
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the rain filling the cavities from whence peat
has been cut), and the swampy surface of
bog-land in general, would render such dis-
tricts perfectly uninhabitable, if the water of
these ponds were equally liable to putrefac-
tion with that of other stagnant ditches or
basins.

The immediate consequences of the stag-
nation of fresh water, especially under the in-
fluence of a warm climate, appears to be the
production of myriads of animalculz; which
minute animals, by their increase, serve
greatly to accelerate the process.—Putre-
faction of water may thus be almost said to be
a process, sui generis ; though it may beina
certain degree induced, by the absorption of
that gaseous matter, (ammonia), which is
known to form a large constituent in all
animal, and many vegetable substances.



CHAPTER X.

EFFECTS OF VITIATED AIR ON ANIMAL
v LIFE.

ArTHOUGH it would not be consistent with
the narrow limits of our present work, to enter
into any enquiry as to the mode in which the
mal-aria of marshy districts acts on the hu-
man frame; whether the deleterious matter
known to exist in marsh miasma, be absorbed
by the lungs, or the skin ; or whether the at-
mospheric air loses part of its agency (as a
vehicle for carrying off the feculent exhala-
tions of the body) through being impregnated
with the peculiar matter evolved from stag-
nated waters,—are questions more imme-
diately connected with physiological research
than civil or domestic economy.—Yet the
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great—the intense interests, which are ob-
viously involved in the better understanding of
the probable source of those noxious matters
that float in our atmosphere, and exercise
such a baneful, and often, fatal agency, on
the functions of animal life ; are considerations
which would almost warrant us'in pursuing
the enquiry here, could we hope to demon-
strate the mode of operation, or the uniform
agency of these deleterious gaseous bodies on
that beautiful and wonderful piece of me-
chanism, the human frame.—But, alas ! we can
only speculate, instead of demonstrate. We
can only reason, by analogy, from what we
know of these gaseous substances, in their
more concentrated form, as to what may be,
or ought to be, expected from their action, in
a diluted or attenuated state.

Hence, we know that carbonic acid gas
will destroy life, on being inhaled a few times
into the lungs. Therefore, we say, the smallest
portion of this highly noxious gas must be, to
a certain extent, deleterious.

G 2



84 EFFEECTS OF VITIATED AIR

Sulphurous acid gas is equally fatal to
animal life; producing that peculiar odour,
and suffocating or spasmodic effect, which is
occasioned by the common operation, burn-
ing brimstone on a match.

Nltrogen gas 1s also incapable of support-
ing animal life, until it becomes mixed with
one-fifth of its volume of oxygen—or the ele-
ments of common air. But there exists this
peculiarity in the compound of nitrogen and
oxygen—that its constituents have a greater
mutual attraction (at the atmospheric tem-
peratures), than any other gaseous compound
with which we are acquainted. Consequently,
while other varieties of gaseous matter are
occasionally found in a state of mixture or
mechanical suspension in the air, (and which
.may, perhaps in every case,—be absorbed or
withdrawn, by applying certain other sub-
stances which have a greater attraction for
the specific matter)—the atmospheric com-
pound itself appears to resist effectually all
decomposition or reduction, from any of the
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ordinary processes of nature. It retains in-
variably its respective proportions of the two
elements, (4 nit. and 1 ox.) at whatever
altitude in the atmosphere it has been exa-
mined, or from whatever part of the world it
has been collected for examination, by thie
usual chemical tests. '

" Hydrogen gas is also incapable of support-
ing life; though not so immediately fatal as
the preceding gases. We indeed know very
little of .the effects of pure hydrogen. It
however appears to be the grand agent or
menstruum, in which most other deleterious
gaseous matter is held in solution, when they
are found mixed with the atmospheric “air.
Thus hydrogen and nitrogen, though in their
separate state possessing neither taste nor
smell, yet when combined, they produce the
remarkable compound called volatile alkali’;
which, as we have before stated, consists of
three parts (by measure) of the former, and
one of the latter.

Now as we know this compound gas is ab-
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sorbed by water with great avidity—in the
enormous proportion of 460 :1—it affords us
a beautiful illustration of the salutary ageney
of water in the grand economy of nature.~It
has been sufficiently shewn already, that, if
any considerable portion of ammoniacal gas
were allowed to remain, for any length of
time, in the air we breathe, it would inevi-
tably debilitate, if not destroy the animal
functions. The extreme lassitude experienced
-by those who have been exposed to a depraved
atmosphere for many hours together, being
well known to every one. The Great Author
of our existence has, therefore, beneficently
supplied us with an immense omnipresent
agent, capable of absorbing, probably, all the
gaseous matter of this kind which can ever be
developed, by the decomposition of animal
and vegetable substances.

This absorption of ammonia by water (which
may be taken as a thing proved, and incon-
testible), during the changes of matter by the
ordinary operations of nature, is, moreover,
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capable of easy explanation on the prineiples
of chemical attraction.

The composition of water has been demon-~
strated, by the most profound chemists of
Europe, to be 88 parts (by weight) oxygen,
and 12 of hydrogen* ; of, (according to the
beautifully simple docttine of chemical equi-
valents by Dr. Ure), 8 oxygen and 1 hy-
drogen.

From the same able authority, supported
also by the profound M. Lussac, we are in-
formed, that ammonia consists of .972 nitro-
gen, and .208 of hydrogen; or in the propor-
tion of 4.7 of nitrogen to 1 hydrogen, by
weight : theugh, in volume, as 3 of the latter
to 1 of the former. ‘

Now the alkaline principle, or that property
which is known in chemistry as the negative
of acidity, being proved to exist in such a
remarkable degree in the compound gas called

- * For the sake of simplicity,in a popular work like the
present, it is thought best to omit fractional parts al-
together, where practicable.
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ammonia, whilst water must be considered
(notwithstanding its apparent neutrality to our
organs) as a highly oxidized hydrate ;—it
is perfectly natural that a very powerful de-
gree of attraction should exist between these
two substances. And we accordingly find
in experiment, that the instant velatile alkal
18 liberated in the atmosphere, if water be
present, it seizes on the gas with the greatest
avidity, and will continue to do so as long as
this gas is given out; or until the water be-
come saturated : when the water will, in fact,
become de-oxydated ; or, in other words, have
its oxygen so much overpowered, as to render
the liquid altogether alkaline. Such is, in
reality, the compound called ¢ spirits of harts-
horn” of the shops; or water highly impreg-
nated with ammoniacal gas. -
That this process is continually going on,
with more or less activity, in the vast theatre
of nature, cannot admit of a moment’s doubt.
And although we should not presume to con-
sider every stagnant pond or ditch as analo-
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gous to a series of Wolfe’s apparatus for. im-
pregnating liquids with gas; yet we have thus -
endeavoured to-shew, that something of this
nature must necessarily take place during
the evolution, recombination, and condensa-
tion of the various gaseous substances which.
are now known to exist in the grand chemical
laboratory of nature. -~ . ‘

We must, however, suspend our present
excursions in these beautiful regions of che-
mical enquiry, and recommend the pursuit to
more able, more profound travellers—while
we return to the “ matter of fact” points more
immediately connected with our present 1n-
vestigation.

It has been already shewn, that the air of
a room becomes vitiated both by animal ex-
istence and by combustion. And we have
suggested the means of partially obviating
the inconvenience, by exposing such liquids
as are known to evince a powerful degree of
attraction for these noxious gases. >



90 EFFECTS OF VITIATED AIR

But, as it has been a maxim, from the time
of Hippocrates—¢ that it is better to prevent
than cure”—we shall endeavour to point out
the necessity of attending to the more perfect
ventilation of dwelling-houses, or other build-
ings, where a considerable number of persons
assemble together; as a duty incumbent, not
only on those who have the immediate super-
intendance of such houses; but also as it
regards the health and welfare of the com-
munity in general.

Though the latter consideration is one of re-
moteinterest with the majority of mankind ; yet
it would be easy to shew, that in some cases,
but a few stages exist between our own indi-
vidual welfare, and that of the bulk of the
community. For example,—~in case of any
epidemic or dangerous class of fever existing
in a given district, we may unconsciously be
the means, not only of taking the contagion
ourselves, but also of communicating and
extending its ravages to other districts; if

‘
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either ignorance, or a want of common pre-
caution places us in contact with such conta-
gion, '

‘Whatever may be the specific matter by
which epidemic diseases are engendered; or
of those fevers which produce contagion, by
the medium of the air; it has been univer-
sally found, that all such diseases are greatly
aggravated by an elevated temperature and a
confined atmosphere. Indeed there is great
reason to believe that the majority of the dis-
eases included under the head of nervous and
typhus fevers, entirely originate from a want
of ventilation in the air, and the want of
eleanliness.

It is clearly proved that those towns, or
suburbs of towns, which are allowed to renvain
the receptacles of filth or garbage of various
kinds, are more subject to the infectious mat-
ter which produce the typhoid class of fever,
than others which are regularly cleansed, and
supplied copiously with running water.

The advantage of a considerable surface of
‘ 11
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water in the environs of a large or populous
town will therefore be obvious, on the grounds
we have previously shewn—its absorbent qua-,
lities. But it is at the same time proper to
remark, that such water should not consist of
stagnant ponds, or basins. For in such case
the evil would probably be greater than the
benefit, from the noxious exhalations given.
out by such stagnant water, especially in the-
summer, or autumnal season. A river hav-
ing a rapid current, is perhaps the best
possible ventilator of the air. For it acts me-
chanically, in producing a corresponding cur-.
rent in the superincumbent portion of the
atmosphere ; whilst it acts chemically by ab-
sorbing the deleterious gases before men- |
tioned. o ' :
But in districts which are not thus favoured
by nature, with this spontaneous and ever-
acting ventilator, it is incumbent on those
who have the custody of the public weal—or
* who ought to include this among other points
of internal police—to enforce measures for



ON ANIMAL LIFE. . 93

preventing the exposure of any vegetable or
animal substances in a state of putrefaction,
to the contact of the atmosphere, in the vici-
nity of dwelling houses. The offensive efflu-
vium alone of such substances is sufficient to
Jjustify severe vigilance in thisrespect. But the
evil is often far greater, from the subtle and im-
perceptible agency of these deleterious gases
in viﬁa.ting the air, and thus laying the found-
ation of a formidable class of diseases which
prevail more or less through a whole dis-
trict.

Cleanliness is therefore not only a private
but a public duty. And although the pecu-
liar.processes or manufactures carried on in
many of our great towns cannot altogether be
suspended on any considerations of public
health or the public convenience ; yet the nui-
sance or inconvenience might be in many in-
stances mitigated, if proper measures were
adopted for preventing the disengagement of
noxious matter in the atmosphere, or else for
arresting its progress when so disengaged;



94 EFFECTS OF VITIATED AIR ON ANIMAL LIFE.

instead of allowing it to incorporate with the
air, and instnuate itself into the dwellings and

even thg chambers of the inhabitants of such
towns or districts.



CHAPTER XI.

PURIFICATION OF THE AIR, A PART OF
INTERNAL POLICE.

As this part of the subject is immediately
connected with the consumption, or preven-
tion of that vile nuisance, coal smoke; as
well as the disengagement of the various pu-
trescent effluvia from animal and vegetable
decompositien. It is to be greatly regretted,
that our police department should never have
thought the subject worthy of their serious
attention. The application of sumptuary laws
would, certainly, not harmonize with the feel-
ings and habits of Englishmen, generally
speaking. But in proportion as it forms a
part of the national character and the glory of
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our countrymen, to submit patiently and even
cheerfully to those regulations which are shewn
to be enacted for the convenience and advan-
tage of the community collectively ; so would

it be easy to apply and render effective regu-
lations of this sort, if they were promulgated

with the same impartial justice and liberal

views as are evinced in many other depart-

ments of legislation, by the able statesmen

who at present administer the executive au-

thority under his gracious majesty, George

the Fourth.

The subject of public health, is one which
engages the most profound attention of the
governments, in many of the European states.
It may be necessary, or rather indispensible
that such should be the case, In countries
where private charities, or hospitals for the
sick and infirm supported by the humanity of
private individuals, bears no proportion to the
extent of those establishments in this country !
Yet the measure of charity can never be over-
filled. We ought never to relax from the .
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exercise of that benevolence ; or the adminis-
tration of those powers which have been placed
in our hands by.our omniscient Creator for the
wisest ends—that of the comfort and happi-
ness of the human race generally.

The subject of health as a part of general
police, has indeed, recently engaged the atten-
tion of some of the most able and scientific
members of the medical profession of the pre-
sent day; who have with great modesty,
though propriety, strongly recommended this
important subject to the especial consideration
of the English government. It:may:therefore
be hoped that many ,yeé,rs will not elapse be-
fore some attention shall be given to a matter
so vitally interesting to every member of the
community in an_equal .degree.

To enforce our suggestions by giving one or
two examples, from the metropolis.

The permission -of numberless slaughter-
houses in the very heart of the town ought
surely to .be immediately annulled by some
competent authority, either general or local.

H
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The condition in which many of those
areas in London called markets, are often left
after the transactions of the day, is a disgrace
to the police regulations of any enlightened
state like England. With regard to that in-
tolerable nuisance Smithfield, its continued
existence in the present state is not even at-
tempted to be defended by any persons, ex-
cept those persons whose cupidity impels them
to sacrifice every other consideration, public
or private. The animal matter deposited in
this large area, when exposed to a powerful
sun in the dog days of summer, cannot be
supposed to be perfectly neuter or inactive, .
in the purlieus of that enviable district!

Covent Garden Market, also, though a re-
freshing and a beautiful scene, at five o’clock
in the morning; yet at the same hour in the
evening and for many hours subsequent, the
olfactory nerves of the passenger demonstrate
that other gaseous matter besides the aroma
of flowers, is disengaging itself from the heaps
of vegetable refuse which are allowed to re-
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main after the bustle of the market is over.
Surely this noxious matter should be removed
immediately, or as early as possible ; instead
of lying exposed to an autumnal sun, and in-
fecting the whole neighbourhood with its vile
effluvia.

The peculiar effluvium of putrid fish may
also be detected in various other districts of
the metropolis besides that of St. Giles. 1Itis
not sufficient that such nuisance be kept out
of view of the passenger in the larger class of
streets ; for in such cases this refuse or putre-
factive matter is only removed from smaller
heaps to accumulate in larger masses.

It is not an easy matter to inculcate habits
of cleanliness or any other consideration as
connected with health or public duty, in the
wretched class of the inhabitants of the dis-
trict before mentioned ; but the powers with
which the local police are already invested (by
M. A. Taylor’s Act) would go a great way to
remove some of the nuisances of that neigh-
bourhood, if the inspectars were to do their

H 2
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duty. As we before observed, though these
nuisances may be local, their effects may be-
come ‘very general. For who shall presume
to say that a typhoid or a putrid fever shall
be limited in the extent of its contagion !

Various other nuisances might be mentioned
as existing in this great metropolis, which it
would be in the power of an active branch of
internal police to remove altogether or miti-
gate. But we cannot dwell on them here,
farther than to recommend the subject to the
especial notice of the heads of districts, as a
serious and important branch both of public
and private duty.

The prevention of that great nuisance, the evo-
lution of immense volumes of coal smoke, might
also properly come under the cognizance of an
active police. Though this nuisance cannot
be entirely removed whilst .the : present con-
struction of our fire-places.is allowed to exist;
yet the great expence and difficulty to which
individuals are subject, even in any endea-
vour to mitigate the evil by applying to a
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jury, are such, as to make numerous manufac-
turers almost bid defiance to any question of
public comfort, or public health, in the prose-
cution of their various processes where great
quantities of fuel are consumed. There is no
doubt that by a better construction of chimney
flues belonging to close fires, or furnaces of
all kinds, the major part of this nuisance might
be abated. And so far as this goes it is the
-province of the local police to see these mea-
sures effected, not only for the comfort of the
immediate district, but for the general salu-
brity. of the metropolis or other large towns of
the kingdom.



CHAPTER XIL

T

VENTILATION OF PUBLIC BUILDINGS.

TrE purification of the air in buildings of
every description, either by ventilation or
other means, is, however, an imperative duty
on those who have the direction or manage-
ment of such places. With regard to the ez-
ternal atmosphere, of certain districts, we have
endeavoured to shew, that very strong pre-
sumptive evidence exists in proof of the sup-
position, that the origin of several febrile
diseases is connected with gaseous miasmata
in the atmosphere. But with respect to the
interior of buildings, more especially edifices
on a large scale, such as prisons, hospitals,
ships, manufactories, or workhouses, which

~
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usually consist of a numerous suite of apart-
ments, the major part of which are occu-
pied,—there can exist no doubt whatever as
to the atmosphere of such buildings becom-
ing speedily depraved and unfit for respira~
tion, if it be not frequently renewed by proper
ventilation. This important consideration has
within these few years met with a certain de-
gree of attention, though probably not to the
extent which it really merits, from the valua-
ble and patriotic services of the gentlemen
who were delegated by the legislature to
make a * Report on the State of Pnsons
throughout the kingdom. ‘ :
Independent of that unnecessary severity
as to regimen, and the general want of atten-
tion to health among the inmates of many
prisons, as they were formerly conducted : it
can scarcely admit of a question that inatten-
tion to cleanliness, together with the want of
‘proper ventilation, has proved the immediate
“origin of numerous cases of fever. And which
diseases, in general, have not been sufficiently
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investigated to ascertain the source, or-at
least, the probable source, from whence they
have emanated.

Although it might not be possible at all
times to trace the immediate source of so
subtle an agent as gaseous miasma, especially
when it is not distinguished by those proper-
ties which render it susceptible to our olfactory
nerves; yet analogy will greatly assist us in
all such investigations, if we take into view all
the possible sources of deleterious matter
which may exist in any given district or
edifice. .

We know that all organised matter, both
animal and vegetable, when deprived of vi-
tality, very speedily undergoes what is called
spontaneous decomposition, or putrefaction.
And this process is greatly accelerated both
by elevation of temperature and a certain
degree of moisture. Now, if any such organic
matter be suffered. to undergo this process
even in its early stage, in the confined or badly
ventilated apartments.of those buildings which
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have the doors and windows usually kept
closed ; it is quite obvious that the atmos--
phere of such apartments must be greatly
vitiated. But in cases where no.dead animal
or vegetable substances are allowed to remain
exposed, there will often be a most noxious
exhalation of gaseous matter, as in buildings
where a number of persons are confined in the
same apartment.

This . gaseous matter, as we have before
observed, is not only disengaged from the
lungs, but also from the skin, in great abund-
ance. And, that it is not difficult to form a
tolerable estimate of the peculiar nature of
this transpirable matter, is proved by the ex-
halations which are disengaged from persons,
who have been placed under either a course
of mercurial medicine, or the use of sulphur
in cutaneous diseases.

The gaseous matter given off by animals
to.the adjacent.atmosphere, not only partakes
of the nature of the aliment they make use of
for diet, as we know from the effluvium of
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onions, garlick, &c. ; but itis greatly modified
by the state of the fluids of each individual.
Hence, it would follow, that the gaseous ef-
fluvium evolved from the lungs and the
cuticle of those who have been confined to
animal food (especially salted meat or fish)
for a length of time, such as seamen during
a long voyage, would be more insalubrious
than the gaseous matter emanating from per-
sons whose blood and humours are less vitated.
For it has been sufficiently proved by the
most able medical men, and others who have
the care and superintendance of hospitals,
ships, and prisons, that a mized diet of ani-
mal and vegetable substances is essential, in
order to preserve the fluids of the human sys-
tem in that state of equilibrio between acid
and alkaline matter, which constitutes health.

The volatile matter which exhales from all
the graminivorous genera of quadrupeds, is
rather agreeable than otherwise ; whilst the
effluvium from the whole of the carnivorous
class of animals, is not only more or less of-
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fensive, but it 1s also very deleterious to re-
spirable air.

It may be, therefore, justly inferred, that
the peculiar character of the gaseous exhala-
tions, both from the skin and lungs of ani-
mals, is, in a great measure, derived from the
specific nature of their food : and as animal
substances, during their decomposition, are
known to give out a large proportion of alka-
line matter in the form of ammonia, the trans-
pirable matter from a number of persons col-
lected in a single apartment, must vitiate the
atmosphere of that apartment in proportion
to their numbers, in the first place; and se-
condly, in proportion to the state of health or
disease of their animal funetions.

It would perhaps be impossible, in civilized
society, to draw a distinction between those
who are 1n the enjoyment of good constitu-
tional health, and others whose constitutions
have been vitiated and the mass of fluds
depraved, either by hereditary taint, or chro-
nic disease of long standing. But it ecan
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scarcely admit of a question, that a given
number of persons of the latter class would
deteriorate the atmosphere of any confined
apartment, to a greater extent in a given
time, than an equal number of persons of the
former class, owing to the exhalent gases
being derived from a more vitiated: mass of
animal matter. In the general, or indiscrimi-
nate assemblage of individuals in large num-
bers, such as in theatres, lecture-rooms, cha~
pels, churches, &c. it would be quite impos-
sible to exclude certain auditors or spectators
unless they produced what is called in our
navigation laws * a clean bill of health ;” but
inasmuch as it is impossible, or if possible,
quite invidious to exercise such precautionary
measures against contagion in a free and civi-
lized state of society, so is it the more incum-
bent on those who have the superintendence
of all such places of assembly, to adopt every
possible means in order to obviate the liability,
or even the possibility of propagating epide-
mic or contagious disease through a whole
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district, by employing - the ‘most convenient
and effective modes for thoroughly ventilating
such places .of :assembly. The discipline of
hospitals, ships, and prisons, would, to a cer-
tain extent, admit of the distinction or classi-
fication we have referred to ; more especially
in the careful subdivision of those who are in
the three states, of health, convalescence, or
actual disease. For it is well known-that the
matter of contagion, in many species of cu-
taneous or other diseases, is evolved from per-
sons ‘who are far advanced in a state of con-
valescence ; and this matter is also retained
for very long periods in a state of active
agency. in the pores or interstices of clothing.
The utmost vigilance is therefore not only
advisable .in all such cases, but it becomes the
sacred -duty -of those whose situation gives
them a superintendence over considerable
numbers -of - their fellow-creatures—as -the
masters of workhouses, governors of prisons
and hospitals, masters  of ships, managers of
.theatres, and the wardens of churches and
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chapels—to adopt every practicable method
of rendering the atmosphere of such places as
pure as possible ; not only during the congre-
gation of great numbers of personsin the same
apartment, but also after they have been dis-
persed.

During the presence of a considerable
number of people in a limited area or covered
building, the heat and aqueous vapour gene-
rated by the process of respiration, and the
gaseous matter given off from the surface of
the skin, will, together, have a tendency to
render the air of such a building specifically
lighter than that of the open atmosphere.
And in consequence, the more offensive por-
tion of the vitiated air will always ascend to-
wards the roof or ceiling of the apartment.
But there is also a considerable quantity of
carbonic acid gas produced, both from the
respiration of animals and the combustion of
lights, which gas is perhaps more deleterious
to amimal life than the alkaline efluvium, or
the nitrogen gas of the atmosphere; which

13



VENTILATION OF PUBLIC BUILDINGS. 111

latter is in a measure, disengaged, by the
union of the oxygen with carbon in the process
of respiration. Now as the density of carbonic
acid (as we have previously shewn) is greater
than that of common air, as 1520 : 1000 ; it
will be obvious that as the temperature of a
room subsides to that of the external atmo-
sphere after it has been vacated by a consider-
able number of persons, that the carbonic
acid will have a tendency to occupy the lower
parts of such room ; and will not be easily
expelled from such situations without driving
an artificial current of air through every part
of the edifice.

The best proof and illustration of these
matters that we can offer, is the well-known
smell and noxious effects of the residuary
gaseous matter from the burning of gas-lights.
All artificial ights contaminate the air, but the
rapidity of the combustion of gas in compa-
rison with tallow or oil, renders the formation
of carbonic acid much more rapid than with
the latter substances. And wherever several
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gas lights are used, (each of which of the ordi~
nary interior burners is estimated to afford as
much light as six candles, or a pound of tallow)
the production of carbonic-acid is so copious,
that unless a strong current of atmospheric
air be constantly allowed to sweep the apart-
ment, the lower parts of the room will soon
become exceedingly unwholesome.

In all public edifices, therefore, or places of
resort for amusement—as theatres, concert-
rooms, ball-rooms, or other places frequented
only in the evening when artificial lights are
employed, it is the imperative duty of the su-
‘perintendents of such buildings not only to
ventilate such places previous to the as-
semblage of the audience: either by throw-
ing open the doors and windows, or by more
effectual mechanical means. But after the
audience has left such place, 1t should also
invariably be submitted to thorough ventila-
tion : for the purpose of driving off that car-
bonic acid, which would remain stagnate in
the passages or lower parts of such buildings.
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- It is, indeed, well known to every one who
has been in the habit of frequenting the thea~
tres or public assemblies of any kind, that the
atmosphere of the passages or lobbies, always
seems more oppressive or * confined” than

- that which exists in the principal area of the
building, where all the evil is generated. The
reason of this is abundantly simple—the at-
mosphere of the principal saloon is diluted
with aqueous vapour and a certain portion of
ammonia, which invariably ascends towards
the ceiling; while the dense carbonic acid
will find its way out at the doors or lower
apertures; or, will remain stagnant in the
passages unless subject to a current of atmos-
pheric air. '

- Though all gaseous matter is capable of
mutual impregnation, and consequently a por-
tion of carbonic acid will be held in suspension
by every part of the atmosphere of an apart-
ment where it is evolved in considerable quan-
tity, either by the combustion of inflammable
substances or the respiration of animals; yet

I

.~
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it will be always found, that the lower pas-
sages are more infested with this deleterious
gas than the upper parts of the building ; and
more especially such places as the passages
of theatrés, which are not in immediate com-
munication with the external air.

That carbonic acid, when mixed with at-
mospheric air and allowed to remain for some
time in .a state of repose, will always have
a tendency to deposit itself in the lowest
level of any edifice, is proved by the constant
observations of miners and others employed
in subterranean labours. For in the lower,
and more remote galleries of a coal-mine,
which do not easily admit of ventilation by
the ordinary methods, the floor of the gallery
is oftentimes infested with * the choke damp,”
50 a8 to extinguish immediately a lighted taper
or candle ; whilst the roof will be so far free
from the gas as to allow of respiration for a
limited period.

The reverse of this takes place with regard
to the ¢ fire damp” or carburetted hydrogen
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gas, which 15 so formidable an enemy to this
most valuable class of labourers. Though
this inflammable gas enters into more inti-
mate unien with common air than the “ choke
damp,” yet whenever a considerable quantity
of the irflammable gas prevails in the passages
of & coal~-mine, and for want of adequate vens
tilation is allowed te remain at rest, it will
always oecupy the upper part or roof of the
gallery ¢ and the workmen are in the practice
of keeping their lights as low as possible, in
-order to prevent accidental explosions. But
in spite of these precautions, and the use of
that “ invaluable legacy,” the safety lump of
Sir H. Davy; accidents are occurring every
year in some of the coaleries which are much
infested with this gas, from the want of
greater ¢autiop in exposing haked lights in
situations where it s probable that an explo-
sive mixture may exist.

Though the ventilation of mines is not im-
mediately attached to our present inquiry ;
yet the vital ingerests which are connected

12
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~ with the subject will be sufficient apology for
a few observations in this place.

Whether we consider the carburetted hy-
drogen or inflammable gas of coal-mines, as
gaseous matter disengaged from the inter-
stices of the coal, when it becomes broken
asunder by the operations of the workmen ;
or, whether it be the result of a partial de-
composition of the coal, when its surface is
exposed to the atmosphere—is of no moment,
in a practical point of view. Itis probable
that both these sources may operate in the-
formation of “ fire damp;” though some
coaleries are much more infested with this
nuisance than others; which seems to prove
that the gaseous or inflammable quality of the
coal constitutes the principal source of the
evil, Indeed it may be easily inferred that
those varieties of coal which give out the
greatest portion of flame, during its combus-
tion, will be most likely to disengage part of
its gas when broken down from the solid mass
for the purpose of extracting from the mine.
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And as our coal strata may be considered as
so many. basins .of vegetable . matter, which,
at some very remote period, were covered by
subsequent deposites of calcareous or alumi-
nous strata; and which latter were again
covered by a series of posterior strata; we
may easily account for the condensation of
the gaseous matter existing in coal, by ima-
gining the immense (or rather inconceivable)
pressure to which these beds of vegetable
‘matter were subjected during the long series
of ages they have been embosomed in' the
“earth. That coal when broken down should
liberate a portion of the gaseous matter which
forms great part of its constituent elements,
is therefore to be naturally expected ; ‘and,
for the prevention of which, there is perhaps
no remedy ; with the exception of lessening
- the amount of the danger by extracting the

coal in as large blocks or masses as possible.

There has been, indeed, considerable im-
provement of late years in the mode of work-
ing coals, so as to bring them ¢ to bank” as



118 VENTILAZION QF PUBLIC BUILDINGS.

large as possible, and alse to prevent the
masdes from unnecessary exposute to the
weather or open atmosphere. This reforma-
tion in the former wasteful practice of coal-
works, has been principally owing to that
intelligent and opulent proprietor, Mr. Lamb-
ton. And as a proof of the benefits attached
to this most rational mede of extracting coal
end sending it to market, the present pro-
- prietor and his coadjutars have doubled their
income from the increased demand for their
conl in the London market, although there
are one or two other coaleries on the north
gide of the Tyne which are working coal of
a superior quality for durability.

But it is probably of far greater conse-
quences to a numerous and valuable class of -
our fellow-creatures, the working miners—
than to the pecuniary interests of the propries
tors, that coal should not in any case he broken'
down more than barely necessary in the work-
ings of the mine : in order to prevent every
unnecessary disengagement of the inflamma-
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ble gas. If the blocks of coal were conveyed
as large as possible from the immediate
% workings” into the principal gallery or rail-
way ; and there broken (if necessary) in order
to fill the corfe-baskets, in which they are
conveyed to the surface; great part of the
evil would be prevented. For the inflamma-
ble gas thus disengaged in the principal rail-
road, will be so far diluted by atmospheric
air, from the current which usually prevails,
that no danger whatever of explosion need be
apprehended. Until the gas forms about1: 12
of the atmospheric mixture, it is scarcely ex- .
plosive : ner until the proportion of 1: 10 is
it highly dangerous. '

But as it is utterly impossible under the
" best management, either to prevent the disen-
gagement of a certain portion of this dan-
gerous gaseous matter; or the formation of
carbonic acid, by the combustion of lamps or
candles, the respiration of men and horses,
and the partial decomposition of the coal ;—
and as it is proved by the dreadful accidents
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within two or three years past, that, evem
with the assistance of the safety lamp, these
unfortunate men cannot be taught sufficient
caution in pursuing their labours—it:is im-
peratively necessary that the viewers or super-
intendents of coal-mines should employ every
possible means for obtaining a thorough ven-
tilation through their works.

- The current of air produced by the large
fires at the foot of the upcast shaft, is usually
an effectual remedy against the collection of
inflammable gas in the main passages. But
where the workings are very extensive, it is
quite impossible that the lateral passages—and
especially those which are in actual work, and
which form a sort of cul de sac in various
parts of the coal-field—should derive much
advantage from the current produced in the
principal galleries. The very mode usually
adopted to deflect the current of air through
the passages, by what is termed brattices, 1s
liable. to great objection. For whenever a
current of air impinges on any surface in a
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perpendicular direction, great part of its ve-
locity will be destroyed, and its effect, of
course, proportionably diminished.. The em-
ployment of wind-sails or: air machines, for
driving a current down the principal passages
of a mine, is also ineffective where the works
proceed to any considerable. extent; as is
proved by the occurrence of accidents even
in coaleries which are, in the. general sense,
well superintended by the overmen and viewer.
It appears, however, that nothing short of
-an adequate supply of common air, carried
into the immediate workings of a .coal-mine,
can ever effectually prevent the lability to
accident. It would seem, that such an object
would be easily attainable by having a series -
of pipes connected to a wind engine, or an
air-pump attached to the steam engine, and
extended to the immediate vicinity of the
workings. These currents of atmospheric air
- would not only dilute the inflammable gas as
‘1t becomes evolved from the coal, but it would,
of course, expel an equal volume of the im-
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pure atmosphere of the mine through either
or both of the shafts. '

As it is in most coaleries at present—if the
descending current of air in the down-shaft,
or the ascending current in the up-shafis,
meet with any obstruction, (and which must
be the case to a great extent) the ventilation
of the works must be proportionably impeded.
But if a small current of air were continually
flowing into the parts of the works most
likely to be vitiated, or where the excavation
of coal is actually proceeding, it would not
only prevent the possibility of an explosive
mixture being formed in the works, but it
would also afford an adequate supply of air
for the respiration of the unfortunate men,
who are often obliged to toil in a recumbent
position for hours together, in an atmosphere
where a candle will burn with difficulty, from
the large quantity eof carbonic acid which
prevails.

We have previously shewn in a former chap-
ter (on Respiration), the deleterious agency of
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this ggs on animal life, and the dgbility of the
animal functions after being exposed for any
length of time to its noxious influence. It
need, therefore, excite little surprise that the
brave, and otherwise hardy race of men who
are employed in our coaleries, should exhibit
such pallid or emaciated countenances, and,
in very few instances, arrive at the average
period of mortality ; even when not prema-~
turely cut off by the various sources of acci-
dent to which they are exposed.—We may,
therefare, clase this divergence from the im-
mediate subject of our essay, by remarking—
That if it be essential for the preservation of
health and comfort to adopt every practicable
means for ventilating or purifying buildings
of all kinds from a vitiated or noxious atmo-
sphere ; it is doubly incumbent on those who
have so great a responsibility on their heads
as the superintendence and preservation of
several hundreds, or thousands, of the most
valuable class of labourers in our various
mines—to neglect nothing that could enable
' 11
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them to secure the lives or limbs of these men
from the most formidable class of calamities ;5
as well as to preserve their health, as far as
possible, while pursuing such laborious, and
at best, a most unwholesome employment..

To return, however, to the ventilation or
purification of buildings from stagnant or
vitiated air. :

The quantity of atmospheric air which it is
necessary to have displaced or renewed con-
tinually, in order to maintain animal respira-
tion in a perfect state; has been variously
stated by different authorities, and which have
led to very anomalous conclusions with regard
to the necessity of a given area being appro-
priated to a given number of persons in the
construction of public edifices.

Mr. Tredgold, in his Treatise, has gone into
this part of the subject at great length, and
with considerable ability. He estimates the
necessary supply of fresh air for each person
at nearly 4 cubic feet per minute ; which es-
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timate is probably not incorrect according to
the data on which he has proceeded.—Mr.
Tredgold assumes, that we make 20 respira-
tions in a minute, and inhale 40 cubic inches
of air at each; consequently, that we pass
through the lungs 800 cubic inches of air
per minute. Now this calculation, though
sanctioned by the experiments of many emi-
nent chemists, must be taken with great lati-
tude. For although a robust man will inhale
40, or when in exercise, 50 cubic inches of air
at each inspiration; yet, in ordinary circum-
stances, a person will not respire above half
this quantity. The demand for a rapid sup-
ply of atmospheric air in respiration, is not
only governed by the active or passive state
of the individual, but by the capacity of his
lungs, and the state of health or disease of
the respiratory muscles. Thus a person who
labours under a lanquid circulation of the
blood, would not require so rapid a supply of
oxygen to the .air cells of the lungs, as another
whose constitution was more vigorous; on the
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same principle precisely, as a slow fire in our
domestic stoves does not require so great a
supply of air, as another which is destined to
produce a powerful degree of heat.

Mr. Tredgold, (with Dr. Thomson and
others) estimates the aqueous vapour evolved
from the lungs as equal to about 6 grains per
minute ; which is also very nearly correct, so
far as it goes. But as this aqueous vapour is
the immediate result of respiration—whether
we consider it as the production of water, de
. movo, by part of the oxygen of the air uniting

- with the hydrogen of the system ; or, by the
aqueous matter of the lungs saturating the air
employed in respiration—it will be obvious
that the quantity of vapour will always be in
proportion to the quantity of air taken into the
cells of the lungs. - ) |

With regard to the quantity of aqueous
vapour, or other gaseous matter given off from
the skin, Mr. T. justly observes, that it has
not been sufficiently determined to enable us
to calculate how much the air of an apartment

FY



VENTILATION OF PUBLIC BUILDINGS. 127

would be vitiated from this source. But (as
an average estimate formed from the experi-
ments of the French chemists) Mr. T. sup-
poses 18 grains of vapour to be given off per
minute from the human skin. And conse-
quently, when all these sources of depravation
of the air become united, it would be neces~
sary to change 8 cubic feet of air per minute
for each individual in the room. To which is
to be added, the deleterious effect of artificial
lights on the air of a room—and which is
further estimated by our author as amount-
ing to one-fourth additienal—or altogether,
about 4 cubic feet of fresh air for each indi-
vidual.

Now although it is perfectly right to err on
the side of safety, more especially in the con-
structien of new public buildings (to whiech
ebject the estimates and calculations of M.
Tredgold are more particularly applicable)
we fear, in the ordinary intercourse of society
there could scarcely be a single instance put
in practice, of so large an allotment of space
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for each individual as that he should be sup-
plied with four cubic feet of atmospheric air
per minute. In all public assemblies, such as
courts of law, lecture-rooms, town-halls, or
indeed, wherever general attention is directed
to a given part or point of the area, the spec-
tators will at all times crowd towards that
point without regard to the proper proportion
of air for respiration. Indeed the inconveni-
ence arising from having an area larger than
is required for the immediate purpose to which
it is devoted, is fully illustrated by our great
theatres, and by the too great extent of many
of the more ancient churches and halls.

The magnitude of any building therefore,
which, according to the mode of estimate
adopted by Mr. Tredgold, should always be
regulated so as to admit of spontaneous venti-
lation, at the rate of four cubic feet per mi-
nute, would, according to our belief, meet
with considerable (and effective) opposition
from the judges, barristers, or lecturers, or
others who would thus become inaudible to

~



VENTILATION OF PUBLIC BUILDINGS. 129

the greater mass of their hearers—while the
latter will, in all cases, whatever may be the
size of the room, crowd round the orator as
near as possible, without regard to the tem-
porary injury of their health by impure
respiration. Notwithstanding theoretical cal-
culations may thus demonstrate what ought
to be the proportions of any building to con-
tain a given number of persons for a certain
period, without prejudice to their health :
yet in practice, or in other words, the daily
intercourse of society, such calculations can
only amount to a very imperfect approxima-
 tion. , .
- 'With regard to the mode of producing
adequate - ventilation in any new edifice cal-
culated for the assemblage of a large number
of persons—the plans recommended and pur-
sued by Mr. Tredgold are certainly the most
consonant with scientific principles of any
which have been hitherto adopted. This
gentleman very justly recommends that in
order to have the most effective ventilation of
K

”~
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large buildings, such as charches, chapels,
halls, &c. the ceiling should termimate in a
dome, or a groined arch, instead of being ho-
rizontal. For as spontaneous ventilation, like
the ascent of smoke, depends on the relative
specific gravities of the internal and external
air; and as thevitiated air from animal respi-
ration, perspiration, &c. at the temperature at
which it is evolved from the human body, is
constderably lighter than atmospheric air, it
will always ascend towards the upper portion
of the building, and would consequently find
a readier exit into the atmosphere through an
aperture in the apex of any conical or arched
roof, than it would through four apertures of
the same aggregate area in the four corners
of an horizontal ceiling.

This plan of censtructing ceilings is not only
the most conducive to good ventilation, but it
s also the most ornamental for public build«
ings of every kind, and it admits of a more
elegant mode of preventing the return of a
current of cold air (by the suspension of a ho-
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rizontal plate immediately below the aperture)
than ¢ould be adopted in any arrangement
for an horizontal ceiling.
- The mode of admitting a,tmnosphenn air by
tmeans of draft-holes, or hollow chambers n
certain parts of the walls of large edifices, as
recommended by Mr. Tredgold, is alse judi-
cious and perhaps incapable of any improve-
ment. It is obviously preferable, to admit a
certain quantity of atmospheric air—whether
cold air, for the purpose of maintaining the
ventilating current, or ‘warm air, for heating
the room—through aseries of small apertures,
than through one large pipe. And a sofficient
extent of wire-gauze, as sugpested by Mr. T,
is perhaps the most convenient and elegant
form that cowld be devised for the apertures
of air pipes, in the interior of buildings.
Butalthough Mr. Tredgold has left us very
fittle latitude for improvement of the princi-
ples of ventilation, as applicable to the con-
struction of public buildings, de novo ; yet a
vast variety of edifices now existing, and fre-
K 2
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quently occupied by considerable numbers of
people, such as-assembly rooms, coffee rooms,.
lecture rooms, &c. cannot admit of any thing
approaching to an adequate degree of venti-
lation, on his principles, without subjecting the
propriétors to an expenditure for building or
repairs, which they would in very few cases be
induced to incur ; more especially for an ob-
ject in which their own immediate interests
are not involved. .

But with regard to private dwelling-houses
—the mode of ventilation pursued by Mr.
Tredgold is still more inefficient. Not that
it would be inapplicable in the original con-
struction of private houses of the better class ;
or where gentlemen build their ewn mansions.

In such instances (making due allowance
for the disadvantages which horizontal ceil-
ings occasion) the plan would be capable of
being extended to the major portion of the
_apartments of a large mansion.

It is, however, a most important object, to
render ventilation available for all kinds of
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- edifices, as they at present exist, public or
private. And it does appear to us, from an
. attentive examination of the subject, that no
 other plan.is capable of producing this desir-
able. object, under -every variety of circum-
stances, but that of supplying the necessary
quantity of atmospheric air by some Mecha-
nical means. '
- Mr. Tredgold truly remarks, ¢ that venti-
- lation is most difficult to maintain, in close,
- still, and gloomy weather :”—he ought to have
- added, that it is impossible to obtain adequate
. ventilation under such circumstances, accord-
ing to his system. - For as the'whole basis of
spontaneous ventilation depends on the possi-
bility, or impossibility, of producing a current
in the air, it will be obvious, that when the
exterior atmosphere- is in a state of repose,
and more especially when it is nearly saturated
‘with water—that it will be difficult, or rather
 impossible, to create an adequate current for
- ventilation, when the temperature of the ex-
- ternal and internal air is nearly the same.
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Though public assemblies, in all edifices of
moderate dimensions, will find the atmosphere
elevated to a temperature usually beyond. that
of our average summer heat, or say, from 75 °
to 90 degrees, according ta circumstances y—
yet it will be found, that most of our pexish
churches—which have net attained the dis
tinction of being a place of fashianable se-
sort, and consequently are not tee much
frequented—will frequently eontain an atmos-
phere many degrees colder than tha$ of our
summer season. The cause of which is ob-
vious :—these edifices being constructed of
massive walls, and usually kept shut up during
the whole week, the exterior atmosphere can-
not gain admission, so as to equalize the tem-
perature.

The confinement of the air of churches in
this manner, hy the negligence of those. wha
have the custody of them, deserves our strong-
est execration. For we are not only exposed
to an atmosphere (on entering a church for
morning service) frequently 10 or 15 degrees
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in the summer months below that of the ex-
terpal air, but we are obliged to respire a
portion of air which has been altowed to ren -
"rmaip stagnant during a whole week ; and often
vitiated by the gaseous matter evolved from
human remains ! | -

The plan of depositing the dead in the in-
terior of our sanctuaries, may be advantage-
ous te certain parties who sell these privileges
to the highest bidders; but it is certainly dis-
graceful to the internal police of any country,
to permit the existence. of so palpable, or at
least, probable source for the production of a
malignant class of fevers ; in conformity to the.
monkish customs of our forefathers, or for the.
pecuniary profit of a few hundred of inactive,
ox rapacious clergy.

As it is a fundamental maxim of ecclesias-
tical law, not to commence in any instance.
the ¢ work of reformation,’ lest it might en-
danger the whole fabric; it becomes encum-
bent on aur civil directors, not to allow our
spiritual guides to send us “ to the tomb of all

-
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the Capulets” before our proper time, by first
poisoning us with the mal-aria of their free-
hold cemetries, and then pocketing a hand-
some fee for the honour of being deposited by
our friends near the place of execution —We
say, reform the system of interment altoge-
- ther.  “ They manage these things better in
France.” ,
With regard to the mode of ventilation re-
-commended by Mr. Tredgold, it is evident
thatit could not be applied with effect in the
case of churches, or in"vaults, or other places
where the temperature is lower than that of
the exterior atmosphere. For we never can
make a lighter fluid descend through one of
greater density, except by mechanical means.
- It 1s scarcely necessary that we should enter
into any minute- description of the various
mechanical methods that might be.adopted
for ventilating the atmosphere of any building.
The mode previously suggested for ventilating
mines, would - perhaps be desirable for an ex-
tensive range of buildings: especially if a
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steam engine were attached to any manufac-
tory adjacent, by which a large supply of air
might be obtained at a very slight expence of
power. For an air-engine, or air-pump, for
such purpose, need not be made so as to work
the piston air-tight in the cylinder ; the value
of a little air escaping, being much less than
the loss of power which would result from
friction. 'The foot of such piston may be also
made of wood, and the area of any dimensions
requisite, (there being little or no friction);
and the length of the stroke also may be as
great as the engine beam would allow. In
this way an immense supply of atmospheric
air might be thrown into a room, or suite of
rooms, by having pipes regulated by stop-
cocks conveniently placed for the purpose.

In other situations, where a steam engine or
other great power is not required, a wind-fan,
such as is usually employed for collecting a
blast for furnaces, &c. may be adopted ; and
the revolving motion given by a horse wheel ;
or else, for smaller houses, by manual labour.
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By this method, an area of sny extent may
be ventilated with infinitely greater rapidity
and effect, than by any arrangement for
spontaneous ventilation, that cowld possxblyv
be devised..

Mr. Tredgold very properly recommends,
that the sapply of atmosphesic; air should
always be given frema below:; or at least that
i should not enter the roem near the ceiling
or roof ; as it would thereby produce a deflect~
ing current or eddy, so as to retard the escape
of the lighter, or, as he thinks, more vitiated:
portion of the air.

Where: the ventilation is effected accordmg
to his plan, this precaution is, doubtless, indis-
pensible, for the maintenance of the ascending:
current. Butit is not quite so certaim, * that
the most vitiated portion of the air in crowded
assemblies s conﬁned to the ceiling, ox upper
portion of the room.’

That the aqueous vapour and ammemzacal;’
gas evolved from the lungs and skin, wilk
ascend towards the cetling in the first instance;

N
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both from its high tempersture and its spe-
.cific levity, is undesgable;—but. there is, at
th¢ same time, a considerable formation of
carbonie: acid, which, as we have previously
shewn, must, from its great density, descend
towards the floor.

Now as we know that a great portion of the
aqueous vapour evolved in crowded assem-
blies, becomes deposited in the form of water,
on the windows and walls of the edifice ; and
(as we have also shewn) that water will take
up at least 460 times its bulk of ammoniacal
gas—we may easily imagine, that the lower
strata. of air in such apartment will be equally
if not more depraved, for the purposes of re-
spiration, than the upper portion. For the
latter will have deposited great part of the
gaseous matter it contained in the form of
water and ammonia ; while the carbonic acid
will remain behind in the gaseous form, unless
(what cannot be provided in such cases) there
be a large quantity of lime water provided;
and even then the absorption weuld not be
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sufficiently rapid to compensate for its evolu-
tion by respiration and combustion.

- Now supposing this state of the case to be
equally niear the truth, as that the upper por-
tion of the room should be the almost ex-
clusive receptacle of the noxious . gaseous
matter in a crowded room—it would not be
of any importance in the mechanical venti-
lation of such apartment, whether the supply
- of air weré thrown in from above or below.
We should be inclined to give the preference
to the former mode, for the fresh air would
enter in 'such case, in the immediate vicinity
where it is most required—or near the heads
of the audience. Care being taken, of course,
to prevent the cold current from descending
in a mass, by passing it through numerous
small apertures, or wire gauze.

In this case the supply of air for adequately
ventilating an apartment, or suite of apart-
ments, need not be nearly so great as if it
were allowed to enter at the lower part of the
room. For in the latter case it would be
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greatly vitiated, both by mixing with the
carbonic acid already existing in the room,
and also by contact with the din and cloth-
ing, previous to its employment'?gﬁhe respi-
ratory organs of the individuals present.

With respect to the escape of the vitiated air
in these cases, no anxiety need be entertained,
nor any peculiar arrangement provided. For
whenever we throw in a given quantity of
atmospheric air into any room, an equal vo-
lume will immediately find its exit, by the
doors ‘and windows ; even if they were con-
structed or fitted much closer than they usually
are, in our public or private edifices.

The refreshing or reviving effects of a mo-
derate supply of fresh air in crowded apart-
ments, as ball rooms, concert rooms, &c., are
too well known to require specifying here.
And we feel convinced that mechanical venti-
lation, judiciously applied, would not only ac-
compliéh this desirable object, without any
nisk whatever of producing the bad effects of
cold currents of air applied partially; but
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that perfect ventilation may be obtained by
this method in places where the spontaneous
mode of ventilation would be totally inapphi-
cable; and what is perhaps of still more
importance, that it may be extended or di-
minished at pleasure without incurring any
expence in the construction or alterations of
buidings.

Mr. Tredgold has treated the important
subject of ventilation under all the separate
heads or buildings to which it is applicable :
and inasmuch as the magnitude of his ar
rangements as an architect would altogether
be goverred by the number of persons likely
to assemble in any given area, this may be a
necessary professional view of the subject. But
it will be obvious, how mach additional ex-
penoe would be incurred by making arrange-
ments for ventilating an area for the accom-
modatien of a thousand persons, when pperhaps
the average number that would assemble i
sach places might not exceed one tenth, or
one twentieth part of that number.

18
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The consequences of such arrangements
would also, be a great sacrifice in point of
economy. Forif a current of air were allowed
to sweep through any buildifrg capable of ven-
tilating it for a thousand people, it is evident
that too great a portion of heat would be car-
ried off in the winter season, when such an
edifice only contained one tenth that number.
The plan of Mr. Tredgold, therefore, though
advantageous to a certain extent, and afford-
ing very decided advantages for increasing
the salubrity and comfort of our public edi-
fices; 18, however, far less economical and
capable of regulation, than the mode of venti-
lation by mechanical means : more especially
as referring to the interior of dwelling-houses,
and the smaller class of public buildings, in

their present state of existence.



CHAPTER XIIIL

THEORY OF THE CONSTRUCTION OF
CHIMNEYS, AND OF SPONTANEOUS
VENTILATION.

It is well known that the draught of air
through chimney flues, and consequently the
degree of heat which may be produced in any
furnace, depends principally on the height of
the chimney; but the exact principles upon
which the draught of chimneys may be cal-
culated, are not well understood even by our
first mathematicians, They all indeed pro-
ceed upon the principle of the acceleration of
falling bodies, and the usual theorems of hy-
drodynamics, but they vary very considerably
in the application of them, as will be subse-
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quently shewn by a comparison of the results
deduced by several eminent mathematicians
who have made this branch of practical science
their particular study.

That these principles may be better under-
stood by the general reader, it must be recol-
lected that when a heavy body of any kind
falls in vacuo by the mere force of gravity,

If the times of the fall be in seconds of an
hour—1", 2”, 8", 4”,

The height, A, fallen through at the end of
each time, will be in feet, (avoiding fractions)
—16, 64, 144, 256.

Hence the space passed over in each suc-
cessive second, was—16, 48, 80, 112.

And the successive difference of these
spaces, or the velocity, v, acquired at the end
of each second, and producing the acceleration
of the descent during the next second, will be
—32, 64, 96.

And the constant second dlﬁ'erences, exhl-
biting the invariable intensity of the power of

L

~
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gravity, g, producing the acceleration at the
end of each second of time is always —32.

From considering these numbers, it will be
seen that the velocity, v, produced by a given
height of fall, or that which a body will ac-
quire after descending freely through' that
height, will be equal to the square root of
twice the constant intensity of gravity, g, mul-
tiplied into the height, 4, of the fall, or in
other words, the square root of 64 times the
height, or what is equivalent, 8 times the
square root of the height. So that if a body
falls 16 feet, it will acquire a velocity, v, of 32
feet = v/2gh = v/2.732. 16 = v/64.16 =8
v16.=8. 4.

The generality of writers have founded their
-calculations ‘of the draught of chimneys, on
the compound ratio of the acceleration pro-
duced by the height of the chimney, and the
difference of specific gravity induced on air
by the action of heat. |

Mr. Montgolfier was the first who consi-




AND OF SPONTANEOUS VENTILATION. 147

dered this subject. He supposes the velocity
of the draught to be equal to that, which
would be acquired by a heavy body which
had fallen through a space equal to what
would be the difference of height between two
similar columns of air, one external equal to
the height of the chimney, and standing on a
base equal in area to the narrowest part of the
chimney ; and the other column, of the same
height and base while hot, but reduced to the
temperature of the atmosphere.

Now supposing the most simple case of the
- air being heated, yet so slightly altered in its
specific gravity, by respiration or combustion,
that it is not worth while in practice to take
any notice of this alteration, and that the room
to be ventilated by an opening in its ceiling
is a double cube of 27 feet, with a door or
doors 7 feet in height; whence taking the
half-height of the door as the average entry
of the air, the height of the column of air,
- will be 27—3.5 = 23 feet and a half, and let
the supposed temperature of this room be 60

L2
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deg. Fah. while that of the external air is 40
deg. so that the difference is 20 deg.

It is well known that the densities of gase-
ous bodies are inversely as their expansions by
heat. Hence, although it would be a work of
much labour to investigate experimentally the
actual density of the warmed air, and that of
the external atmosphere, yet this can be rea-
dily obtained by considering. the expansion
which the air undergoes by taking the volume
and dénsity of .the external air as unity. For
as the bulk of any portion of warm air, is to the
bulk 4, of an equal weight of the external air, so
is the height A, of a column of air, from the en-
trance to its egress to the height, #’, of a co-
lumn of heated air, of the same height and
standing upon the same base, while hot, but
reduced to what it would be if cooled to the
temperature of the atmosphere. In Alge-
braic formule, = &' : b ::h: A, or in numbers
adapted to this particular example, + 1
ML (=1.045): 1:: 23 . 5: 22 feet Iths.

348440
Hence there would be a difference of 1 foot
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. imths, between the heights of the two columns
of air ; and of course, if this difference be mul-
tiplied by 64, the square root of the product
will exhibit the velocity, v, with which the
heated air will pass through the ventilating
opening in the open part of the room; or in’
symbols, v/ 64 (h—h')=v. Now 1.013 mul-
tiplied by 64, is 64.832, the square root of
which is 8 feet 3 ths, which is therefore the
velocity for each second of time.

If the velocity thus expressed in feet, be
multiplied by the area of the horizontal sec-
tion of the ventilating opening, expressed in
superficial feet, the product will exhibit the
number of cubic feet of the heated air that
will pass in a second of time ; and this may
be reduced to the equivalent volume of cold
air, by calculating the expansion the air has
suffered by heat, and dividing the cubic feet
of hot air by theincreased bulk which a single
cubic foot of air would aquire by the increase
of temperature. Or if the number of cubic feet
of cold air which the room contains, be mul-
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tiplied by the increased bulk which a single
cubic foot would acquire by the increase of
temperature, and the product then divided by
the number of cubic feet of heated air which
will pass in a second of time, the quotient
will shew the number of seconds that would
be required for the entire renewal of the air,
and this may be further reduced by the or-
dinary rules of arithmetic, into minutes or
hours.

On the contrary, if the number of cubic
feet of air which it is necessary should pass
in a second, in order to replace the air of the
room in a given time, or to burn a given
weight of fuel, be first multiplied by the in-
creased bulk which a single cubic foot of air
would acquire by the increase of temperature,
and this product divided by the velocity, the
quotient will shew the area in superficial feet,
that the opening must have to fulfil this in-
tention. .

But when the air is much altered in its spe-
cific gravity by combustion, Mr. Montgolfier
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thought this alteration of specific gravity
should be made an element in the calculation.

Supposing then a furnace with a chimney,
whose top is 40 feet higher than the average
height of the opening to admit the air, and
the heated air issuing from the flue of the
chimney, of the temperature 120 degrees
Fah. . o

In this case as the bulk, 4", of any portion
of the expanded air, as it passes out of the
chimney, is to the bulk, b, of a similar weight
of air at the temperature of the atmeosphere ;
so is the density, d”, (or specific gravity of
the air vitiated by combustion, at the tempe-
rature of the atmosphere), to_ the density, d"”,
of the same vitiated air, when heated to the
temperature at which it issues from the chim-
ney. g

Then by a second proportion, as the den-
sity, d, of the atmospheric air, (which may
still be best taken as unity) is to the density,
d”, of the heated vitiated air, so is the height,
h, of the chimney, to the height, #’, of a co-
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lumn of vitiated air of the same elevation
while hot, and standing on a base equal to
the horizontal section of the narrowest part of
the flue, but reduced to the temperature of
the atmosphere. From which latter expres-
sion, the velocity, v, may be found, as in the
preceding case. Or, in symbolic notation,
first, = &": b::d”: d"”, secondly, = d: d”
i1 h: K, lastly, o/ 64 (h—£")=v.

Then taking b, as unity, 4" will be 1.163 ;
and as the density of air vitiated by the com-
bustion of coals, d”, may be taken as 1.077,
of course the density, d”’, when thus heated,
will be only 0.926. In the second propor-
tion, taking d, the density, or specific gravity
of the atmosphere at the temperature of the
moment, also as unity, then the density, d”,
just found, 0.926 being multiplied by %, the
height of the chimney, 40 feet, the product
will give &', the height of the required co-
lumn of heated and vitiated air cooled to the
atmospheric temperature, namely 37 feet
wwths, so that there would be a difference of .
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2 feet and gyths, between the heights of the
columns. This difference multiplied by 64,
gives 189.44, the square root of which, 13
feet &ths, is, by this mode of calculation, the
velocity of the heated air, in each second of
time ; from whence we easily find the area
the chimney must have in order to pass a
certain quantity of air in a given time.

In the article, Furnaces, in Rees’s Cyclo-
pedia, the writer (it is presumed Mr. Syl-
vester), gives the elements of a different mode
of calculation, which he founds upon the dif-
ference between the specific gravity of the
heated internal air, and that of the external
atmosphere. But he refers the motion arising
from a change of specific gravity by heating,
to the case of two weights hanging over a
pulley; whence, according to Mr. Atwood’s
theorem, if the difference of the specific gra-
vity of the heated air and external atmos-
phere, be divided by the sum of the same, the
quotient multiphied by the velomty which a
body would acquire by falling freely through
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the same height, will give the velocity with
which the heated air will pass into the atmos-
phere ; or, using the same symbols as before,

:—E;+ v 54-_7{ = .

The writer before mentioned, taking the
density of the atmosphere as unity, and con-
sidering the degrees of temperature by Fah-
renheit’s scale p, which are required to double
the bulk or volume of any given quantity of
air; the which, as he gives no example of
his mode of calculation, he does not quote,
but by which he no doubt meant 480 degrees.
Then unity added to the quotient, obtained
by dividing the difference of temperature by
480, will, he says, be the increase of bulk in
the heated air, or in symbols 1—% and its
dehsity, or specific gravity, d’, compared with
that of the external atmosphere, will be equal
to 480 divided by the sum of 480 added to
the difference of temperature ; that is to say,

to 1;(%-_3 'Of course the difference of the

densities will be ‘equal to the quotient of the
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difference of the tempefatures divided by the
sum of 480 added to the said difference of

t'—t
temperature, or ~Tg, and the sum of the

density will be equal to the quotient of the
sum of twice 480 added to the difference of
temperature, divided by the sum of 480
also added to the difference of temperature,

or t_:_'-z(f—_i)) The difference of the densities

then being divided by their sum, the quotient,
which is equal’ to’ the difference of tempera-
ture divided by the sum of twice 480, added
to the same difference of temperature, or

= +(t —ry is the tendency to ascend ; and this

multiplied into the square root of 64 times the
height, will give the velocity of the ascending
current.

The above theorem, he observes, will re-
quire an equation for the friction of the tube,
which will be very great in chimneys made of
bricks, and from some experiments, he thinks
that every increase of velocity may be les-
sened one half to reduce it to practice. For
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the retardation by the friction, and the ac-
celeration of the ascending air, are both in the.
same proportion ; that is to say, as the square
root of the height. But if the velocity is
increased by increasing the temperature at
which the air issues into the atmosphere, then
the friction will be increased in a higher ratio,
namely, as the square of the velocity ; so that
if the velocity be made twice as great by in-
creasing the temperature of the heated air, the
friction will be increased to four times as great
as before. Hence the height of a chimney
can increase the power of a furnace to a cer-
tain degree only, since the increase of the-
friction will, after a certain limit, prevent the
acceleration of the current, and bring the
velocity to an uniform motion.

In the case of a room to bé ventilated, to
use the same example throughout, then the
difference of temperature, 20, divided by
twice 480 added to the same difference, 20
(or 980), gives for its quotient 0.204, and
the height 23.5 multiplied by 64, producing
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1504, its square root 18 38.7.. Now this quo-
tient 0.0204 multiplied by the square root,
38.7, produces jgymths of a foot for the ve-
locity, exclusive of any friction.

The general results will be thus :—the dif-
ference of temperature 80, divided by twice
480, adding the same difference (or 1040),
gives for its quotient 0.0769; and the height
40 multiplied by 64, producing 2560, its
square root is 50.5 : now the quotient 0.0769
multiplied by the square root 50.5 produces
3.88345 : so that if we take half this number
to make allowance for the friction, it will give
1 foot 2Zths for the velocity 1n a second of
time.

These velocities are much less than those
obtained by the calculations of Mr. Montgol-
fier. The writer takes no notice of the change
of specific gravity produced by combustion ;
and in using 480 degrees there is an error, as
the proper number is 448, as has already been
shewn ; but these corrections are easily made,
if this mode of calculation is adopted.
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The Quarterly Journal of Science, for April,
1822, contained an essay, by that eminent
mathematician Mr. Davis Gilbert, on the
ventilation of rooms, and the draught of chim-
neys, in which essay he grounds his calcula-
tions on the velocity with which atmospheric
air would rush into a vacuum, or into any
medium of less density than itself.
~ The velocity, v”, with which the atmosphere
would rush into a vacuum, is supposed by
mathematicians to be equal to the velocity
which a heavy body would acquire from fall-
ing from the height, equal to what would be
the height of an atmosphere exercising the
same pressure on the earth as the present at-
mosphere, but of a homogeneous density
throughout its whole height. The supposed
height of this ideal homogeneous atmosphere
is deduced by saying, as the specific gravity
of quicksilver is to that of common air at the
leYel of the sea, so is the average height of the
column of quicksilver in the barometer to the
height p, of an ideal atmosphere supposed to
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be of homogeneous density from top to bot-
tom. Hence if the average height of the ba-
rometer be estimated at 30 inches, the specific
gravity of quicksilver, as compared with water,
as 13.5to 1 ; and water as 800 times heavier
than an equal bulk of air; then 30:13.5.
800 = 324000 inches or 27000 feet.

Dr. Gregory (in his mechanics) estimates
the height as 27818 feet, and Mr. Gilbert as
26058 ; variations arising from minute varia-
tions in the estimates of the specific gravities
of quicksilver, water, and air. In consequence
there isan equal variation respecting the velo-
city, v”, with which the atmosphere would
rush into a vacuum, which from the preced-
ing theorem respecting the acceleration of
falling bodies, is equal to the square root of
64 times the height, or which is equivalent,
eight times the square root of the height:
Dr. Gregory making it 1339 feet, and Mr.
Gilbert, 1295 feet.

In the following calculations Mr. Gilbert’s
own numbers will be taken.

13
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When the atmosphere, ‘instead of rushing
into a vacuum, rushes into a space filled with
rarefied air, then, omitting the consideration of
the resistance which the atmospheric air would
experience from the inertia of that in the ves-
sel, and which it must displace in its motion,
as the density, d, or specific gravity of the at-
mosphere is to its pressure, p’, so is the den-
sity, d’, of .the rarer or expanded air to the
force, f, with which the rarer air would rush
into a vacuum, whence this force, f, will be
equal to the product of the atmospheria pres-
sure, p”, multiplied into the density, d”, of the
rarer air; and this product divided by the den-
sity, d, of the atmosphere; or in symbolic
language, f, = ’é‘i. The moving power then

will be the difference between the pressure, p’,
of the atmosphere, and the force, f, or p’—f;
and substituting its equivalent QTJ for the un-

known, f, the moving power will be p’— ’%‘l'.

Now as the squares of the velocities of influx
are as the pressures; the pressure, p’, of the
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atmosphere is to the force, f, (with which the
rarer air would rush into a vacuum) as the
square of the v_élocity, v”, with which the at-
mosphere would rush into a vacuum, to the
square of the velocity, v", with which the at-
mosphere would rush into rarefied air of the
density, d’, or in algebraic notation, + p’:
p'—% ::9”%:0"*: and of course, if the

pressure, p’, of the atmosphere be taken as
unity, this proportion is reducible to the equa-

tion, v”. v/ ( 1— ZI—) = 4”. Or, the velocity,

v, with which the atmosphere would rush
into rarefied air of any assigned density, d’, is
equal to the square root of the difference be-
tween unity and the quotient of the density,
d’, of the rarer air divided by the density, d,
of the atmosphere multiplied into the velocity,
v, with which the atmospheric air would rush
into a vacuum. |

On the theory of Mr. Davis Gilbert, the
rarefaction, &', or expansion of the air by the
heat, and, g, the density or specific gravity

M
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of the elastic fluid as compared with atmos-
pheric air, being ascertained, the expansion, b,
divided by the specific gravity, g’, will give
the density of the air within the chimney:
and the tendency to ascend; will be equal ta
the difference between thia density and that
of the atmosphere multiplied by the quotient
obtained in dividing the height, &, of the ven-
tilating tube or chimney by the assumed
height, #’, of the atmosphere, supposing it to
be of uniform density throughout. The square

of this quantity »X > multiplied by the velo-
city, v, with which the atmosphere would rush

into a vacuum, and divided by the square root
of the density of the lighter air, will give the

velocity : or in algebraic notation, %x v

X‘/g—l=‘—/?7-,><\/k XV ¥ ~1=v. And
the velocity, multiplied by the density of the
heated air, and by the section of the opening
in superficial feet, will give the cubic feet
issuing in a second of time, reduced to the
same density as that of the atmosphere.

-
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To find the expansion of air by heat, Mr.
Gilbert raises the fraction & to the power
whose index expresses the difference of tem-
perature in degrees of Fahrenheit’s scale, which
i3 easily done by a table of logarithms. In this
mode of calculation he follows the usual opi-
- nion with regard to any assigned volume of
air or gas being expanded gth part by one de-
gree of Fahrenheit’s scale.

In the case of the room to be ventilated,
the height, A, of the ventilating colurmn, 23.5
being divided by the height, %', of the atmo-~
sphere, supposing it to be of uniform density,
26058, gives 0.00901 ; whose square root, or

/ -;1,, 1s 0.030 : the expansion of the air, or

11‘:10]20 being equal, according to Mr. Gilbert’s%
mode of calculating it, to 1.0423. Then sub-
tracting unity, b'—1 will be 0.0423, whose
square root is 0.2056 : multiplying therefore,
the velocity, v’, with which the atmosphere
would rush into a vacuum, or v'=1295 feet,
by the numbers just found, namely, 0.030, and
M 2
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0.2056, the last product will be the velocity,
v’y equal to 7 feet ths.
This velocity multiplied by %, or 1.0423, as

above, will give the number of cubic feet of
air, reduced to the same density as the atmo-
sphere which would pass through an aperture
of one square foot in a second, namely 8 cubic
feet o ths. , .

In regard to the ascent of air through the
chimneys of furnaces, it being necessary to
attend to the specific gravity of the air viti-
ated by passing thi"ough the fire, Mr. Gilbert
thinks that for practical purposes, the specific
gravity of air vitiated by combustion, being
of the same temperature as the atmoéphere,
may be estimated at 1.0874, common air
being 1.

Mr. Gilbert varies greatly from other au-
thors, in estimating the expansion of the air
in chimneys ; for he measures it by the tem-
perature of the hottest part of the fire-room.
To exhibit therefore the extreme dissonance
of his mode of calculation to that of others, it
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13 necessary to assume some determinate de-
gree of heat as likely to be that of the fire-
room of a furnace having a chimney of 40
feet in height. The heat of a common grate,
being a bright red heat, cannot be less than
between 750 and 800 degrees of Fahrenheit,
and no great error can be committed in es-
timating that of a close furnace, at 1500 de-
grees, as is done by Mr. Gilbert himself.
Here the expansion of the air by heat, ¥,

r, z’g‘_z‘woo will be equal to 22.68, and the spe-
cific gravity of the air which has passed the
fire, when cooled to the temperature of the
atmosphere, d”, as stated in the preceding
~ paragraph is assumed to be equal to 1.087,

and the density or specific gravity, of the
heated air, g,, will be 20.87, from whence sub-
tracting unity, or the density of the atmo-
sphere, the difference of density, g,— 1, will

be 19.87, of which the square root is 4.457.
The height, %, of the chimney (40 feet) divided



166 THEORY OF THE CONSTRUCTION OF CHIMNEYS,

by /' the height of the atmosphere suppoeed. to
be uniform, and assumed as 26058, gives

0.001534, whose square root, / 2,, is equal

to 0.391. Now the velocity, v/, with which
the atmosphere would rush into a vacuum as-
sumed at 1295 feet being successively mul-

tiplied by /5—1 or 4.457, and /% or
0.391, the final product 225 feet {Hiths ex-
presses the velocity in a second. This velo-
city is therefore very considerably greater
than is calculated by any other author.

" Mr. Sylvester (in a paper in the Annals of
Philosophy, June, 1822) refers to Mr. Gilbert’s
calculations, and conceives the principle erro-
neous, as it gives velocities far exceeding that
of heavy bodies descending freely in vacuo ;
whereas the resistance of the medium must
cause a retardation, and render the real ve-
locity inferior to that of bodies falling in
vacuo.

Mr. Sylvester assumes unity as the density,
d, of the atmosphere at the given tempera-
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ture, and finds the relative density, d’, of the
heated air by the expansion, taking the usual
calculation of gth of its bulk for each degree,
whatever - might have been its intial tempe-
rature; and takes no notice of any change of
specific gravity by combustion. The tempe-
rature, ¢, of the atmosphere, being taken as
unity, that at one degree above, will, he says,
be 1+0.00208 ; and that at the assigned tem-
perature of the hot air will be 1.00208 raised
to the power whose index is the difference
of temperature between the two airs, or

- 1.00208|**. Then, since the densities of
bodies are inversely as their volumes, the den-
sity, d, of the atmosphere is to the density, &,
of the heated air, as 1.00208\— to unity; or
(in order to get the density of the atmosphere

. .. 1
to be unity) as unity is to 't the reci-
y) Y1850 To0z08)

procal of 1.00208)—.—Hence the difference of

1
the densities, or d—q’, will be l—m f—t;

and as the density, d, of the atmosphere being
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unity, has no effect as a divisor; therefore,
this difference multiplied, (as in the usual
theorem for the acceleration of falling bodies)
by the square root of 64 times the height, or
its equivalent 8 times the square root of the
height, will give the velocity. The expansion
for one degree, 1.00208 is easily involved to
the required power by the help of a table of
logarithms.

In the case of the room to be ventilated—
the difference of temperature being 20 de-
grees, the 20th power of 1.00208 is 1.0423,
. whose reciprocal is 0.95941, being the den-
sity, d’, of the heated air: and the difference
of density, d—d’, will be 0.00405. The
height of the column of heated air, 23.5
multiplied by 64, produces 1504, the square
root of which i1s 38.7 ; which, being multi-
plied by the difference of density just found,
namely, 0.00405, gives 1 foot gths for the
velocity.

In the case of the furnace—the assumed
difference of temperature being 80 degrees,
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the 80th power of 1.00208, is 1.181, the re-
ciprocal of whichis 0.84674, and exhibits the
density of the heated air; whence the differ-
ence of the densities will be 0.15326. The
height 40 multiplied by 64, the product is
2560, whose square root 50.5, multiplied by
the above quoted difference of temperature,
produces 7 feet ggths for the velocity.

Mr. Tredgold, in his recent work, has given
us some new theorems for the investigation of
this practical question ; but he has rather re-
tarded than accelerated the enquiry, by the
elaborate formule he employs in his calcu-
lations. The power of the ascending current
Mr. Tredgold assumes to be the difference be-
tween the weight of a column of external air,
and one of internal air, when the bases and
heights are the same ; or, equal to the height
multiplied by the expansion the air suffers from
increase of temperature. And this expansion
he calculates by dividing the difference of
temperature, by the sum of the temperature
of the heated air added to the constant num-
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ber 450 : so that the force producing motion
i expressed by him, algebraically, thus, &

450 + 2
The velocity, therefore, of the heated air
passing through the pipes or chimney, is
equal to the square root of 64 times this force,

or in symbols, v ﬁﬁ%ﬁ.‘) so that if the

height of the ventilating pipe or chimney be
multiplied by 64 ; this product, by the differ-
ence of the temperatures ; and if this last pro-
duct be divided by the sum of the tempera-
ture of the heated air added to the constant
number 450, the square root of the quotient
will give the velocity, according to theory.
But in practice, three eights must be deducted
at once, on account of the retardation occa-
sioned by the necessary contraction of the
throat of the pipe or chimney, and the various
eddies, bends, or changes of direction, in most
chimneys, will require another correction, so
that for general purposes, one half of the -
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theoretical velocity may be assumed as that
attasned 1n practice.

. Taking, then, the example of the chambor,
its height' 23.5 multiplied by 64, produces
1504, and this multiplied by the difference of
temperature, namely 20, produces 30080 for
the dividend, or numerator of the fraction.
The temperature of the heated air, 60, added
to the constant number 450, gives 510 for
the divisor or denominator: the quotient of
30080 divided by 510, is 58.98 ; the square
root of which, or 7.67, is the theoretical ve-
locity ; from whence deducting three eighths
for retardation, the remainder, 4 feet §ths,
may be taken as the actual velocity.

In the case of the furnace, the height of
the chimney 40, multiplied by 64, produces
2560, and this multiplied into the difference
of temaperature, BO degrees, produces 204800
for the dividend: the temperature of the
heated air, namely 120 degrees, added to the
constant number 450, gives 570 for the di-
visor ; the quotient of 204800 divided by 570,
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is 859.29, the square root of which being
18.9, is the theoretical velocity; from whence
deducting one half, partly for retardation by
contraction by the throat of the chimney, and
partly for eddies and other similar obstruc-
tions, the remaining 9 feet and a half may be
taken for the actual velocity.

The following comparative statement of the
velocities of ascending currents, as calculated
by these different writers, exhibits the most
extraordinary variations between them.

Ventilation of Draught of
chamber per furnace per

second. second.
Montgolfier «eeeeeeeccsenecess 832 — 1391
Sylvester, in Rees’s Cyclopedia .. 0.78 —  1.94
Gilbert cesevevneneceennaena.. 7.88 — 225,67
Sylvester, in Annals of Philosophy 1.61 —  7.73
Tredgold coevvvvvsensiennceee. 48 — 95

From the vast discrepancy in these calcula-
tions, more especially when it is considered
that they are the labours of very eminent
mathematicians, it must be obvious how little -
we know of the real nature of the question.
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It would indeed appear, that all calculations
on the subject’ are nugatory, if we were to
judge from the practical results which have
hitherto been obtained from the enquiry. For
if the actual data for the construction of a
chimney for any given purpose, so as to pro-
duce the greatest possible effect with a giveh
quantity of fuel, were capable of demonstra-
tion, @ priori, and under every variety .of
local circumstances; we should, long since,
have seen more judicious modes of employing
fuel for manufacturing or domestic purposes;
as well as a more effectual mode of getting
rid of that worst of all nuisances in a popu-
lous town—the evolution of vast columns of
smoke.

The question is, in fact, involved in ‘so
many liabilities to accidental or extraneous
influence, as to reduce it to a mere practical
question in a majority of cases. The species
of fuel employed, and even different varieties
of these species, makes an essential difference
in the ascending current through a chimney
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flue, as we shewed in Chapter IV. on Fuel.
The temperature, and especially the humidity
of the external air, . has also considerable
fluence in modifying both the draught of a
chimney and the ventilation of a room—as is
well known to every common observer, by
the brilliant combustion which our ordinary
fires exhibit in frosty or dry weather; and,
vice versa, whenever the atmosphere is satu-
rated with moisture. The density or levity of
the external air, and the lateral currents pro-
duced by the erection of contiguous buildings,
also operate greatly in modifying the draught
or ascent of smoke. And, allowing for theacci-
dental presence or absence of all these different
points of local and ephemeral influence, it is
not surprising that all attempts to reduce
the question to mathematical demonstration
should have hitherto proved abortive :—or, at
least, should have left the subject in as much
obscurity as ever, so far as human economy,
or practical science, is concerned.
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CHAPTER XIV.

—

OF OPEN STOVES FOR RADIATING HEAT.

Tae Theory of combustion and respiration
having been considered: together with the
principles on which the construction of fur-
naces and other fire-places depend ; we shall
next endeavour to apply these Principles to
Practice, by giving a description of the various
stoves or other grates for domestic purposes
that have been introduced to the public;
accompanied by observations on the most
eligible methods of economising fuel and con-
suming smoke in the various descriptions of
air furnaces ; and the application of warm air
and steam for artificially warming buildings.
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The general construction of the ordinary
fire-places in England, are too well known to
require any detailed description here. The
principal error lies in the present construction
of chimneys ; which, together with the mal-
formation of the fire-place renders the loss of
fuel so enormously great, that, according to
the opinion of Dr. Franklin, not more than a
fiftieth portion of the heat generated, was ren-
dered available for warming apartments, at
the period he resided in England.

“Though it must be acknowledged that
many improvements have been made in the
construction of stoves of various kinds since
the time of Dr. Franklin, more especially since
the general introduction of the Rumford prin-
ciple of contracting fire-places; yet at the
present day there exists a most extraordinary
inattention to economy, even in the best kinds
of domestic stoves used in this country.

With regard to the primary evil—the con-
struction of the flue-hole or shaft of the chim-
ney, the present generation of builders seem
to be as unacquainted with the principles on
which the ascent of smoke depends, as their
predecessors were, two or three centuries back.
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It is indeed a most extraordinary fact, that,
during the splendid inventions and improve-
“ments in the useful arts and practical science,
which have so greatly distinguished the pre-
sent generation, that the principles on which
this branch of  civil architecture - depends
should have been almost entirely overlooked.
The want of education in the major part of
that class of persons who call themselves
¢ builders,” in the metropolis, and who erect
nine-tenths of the lower class of dwelling
houses in the environs of ‘the town, totally
disqualifies them from paying attention to
any improvement in Principles. They con-
tent themselves with blindly following the
working-plans of their forefathers, entirely
ignorant of any other principles than those
of erecting houses (or rather, of executing
their task) with the-least possible expendi-
ture of capital: and then getting these fra-
gile fabrics off their hands as soon as pos-
sible.

 From such architects it would be vain to
look for any improvement in the principles
of practical science. But there are numbers
of well-informed young men who are educated -

N

~
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for the profession of civil engineers, architects,
&c. from whom it might be expected that we
should derive improvements in the construc-
tion of our domestic edifices, so far as comfort
and econamy are concerned ; though the rigid
rules of professors of ancient architecture for-
bid them from attempting any thing abso-
Iutely new in the ornamental parts of build-
ing, without belng liable to- the charge of
“ want of taste.”

Fortunately, however, matters of mere taste
form but a small part of the interior construc-
tion of dwelling houses. General utility, or,
as it is called more properly, economy, forms
{or ought to form) the principal feature of
such edifices. And, as we have previously
remarked, the general construction of chim-
neys and our ordinary fire-places, are not
only inconvenient in respect of comfort, but
they contribute to waste an enormous quan-
" tity of fuel, and at the same time produce the
intolerable nuisance, more especially to fo-
reigners, arising from the great disengage-
ment of coal smoke.

The grand defect of chlmneys, as we have'
previously shewn, consists in the too great
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capacity of the flue, in proportion to the ex-
tent of the fire ; by which, the entire area of
the chimney can scarcely ever become suf-
ficiently warmed to facilitate the ascent of
the smoke. For if the temperature of the
smoke and warm air be not considerably
higher than that of the external atmosphere,
it will not make its exit with sufficient ra-
pidity from the chimney top, but will de-
posit part of its carbon on the sides of the
chimney, and will be lable to return again
down the chimney shaft into the room, in
case of any lateral current being produced
by the opening or shutting of doors or win-
dows.

Another cause exists in populous towns
where buildings are closely crowded together,
which tends to retard the ascent of smoke
from chimney flues, from the inequality of
height of the numerous chimney shafts. Those
which are low, and, consequently overtopped
by others, when the wind sets from particu-
lar points, are almost invariably liable * to
smoke,” as it is called, from the smoke being
impeded in its ascent by the lateral currents
of wind and eddies, occasioned by the chim-

N2
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ney shafts, - or gable ends. o'f buildings, in the
vicinity.

Although this evil is not exactly ascribable
to the ignorance of the builder, nor, in many
cases, capable of absolute cure, yet it might
be greatly mitigated, and, in some instances,
nearly prevented, if such lower chimneys were
‘constructed on better.principles, so as to acce-
lerate their draught. The first and most com-
mon remedy for this inconvenience was the
application of a chimney pot, with the view,
as it was supposed, of contracting the passage
for the smoke. .But so far from this being
the case, the base of these pots are, in almost
all cases, of greater area than the flue of the
chimney ; in'proportion as the area-of a circle
exceeds that of a rectangle.

These chimney pots -may, perhaps, from

- their conical figure, have some effect in de-
flecting a lateral current of wind from exert-
ing its full effect on a column of smoke; and
-with this view, the French terminate the chim-
ney-top by four flag-stones formed into a kind
of mitre. But. these applications have ‘but
little influence on the current of warm airin
the chimney, though they have rather more

™~
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picturesque . appearance than the conical
earthen pots attached to the square shaft of
English:chimneys. .. .

Another plan has been suggested for acce- -
lerating the draught of chimneys by contract-
ing: the ‘throat (at discretion) by means of
what is called a Register. That this invention
answers the intended .purpose, cannot be de-
nied ; and, on account of the neat or finished
appearance which it gives to the upper portion
of the fire chamber, these registers have be-
come almost universally adopted in our better
class of dwelling houses. But it would seem
that the inventor of these register plates must
have been' interested in the consumption of
coal. For it would be difficult to devise any

- more effectual way of carrying -off the warm
air of the room, and consequently, increasing
the velocity of a cold current of air from the
doors or windows, than the plan of the register
stoves in general use. The whole of these
stoves being constructed of :iron, which is so
rapid a conductor of heat, and being placed
in a recess or niche, -and in immediate con-
tact with the wall of the chimney, the greater
part of the heat from the ‘back of these iron

”~
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plates will go up the chimney shaft; whilst
that which would be radiated from the front
part of the stove is counteracted by a power-
ful current of cold air from the doors and
windows,

Whoever considers the subject for a mo-
ment, will admit that these results will inevi-
tably take place in the use of register stoves
of the ordinary construction ; and that, in pro-
portion to the goodness of their draught, so
eught they to be condemned, so far as economy
of fuel, and comfort to the apartment, are
points worthy of consideration.

To begin with a description of the most
simple and economical kinds of open stoves :—

Mr. Buchanan, in his ¢ Economy of Fuel,”
p. 315, notices a mode of constructing the
common fire places in some parts of Ireland,
which appears well calculated to remedy the
smoking of chimneys, and at the same time
to lessen the consumption of coals.

The fire grate is wide but shallow, in order
that it may throw out the greatest quantity
of heat. The upper portion of the fire room,
(see wood cuts, figs. 1 and 2), is partly closed
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by an upright thin stone cut in the form of
an arch. The back of the upper part of the
fire room is formed of fire stone or fire brick
into an oval niche, and a very small throat
only is left for the smoke to escape up the
chimney.

No. 1. No. 2.

In some parts of England, as in the neigh-
bourhood of Birmingham, the usual fire niche
left in the sitting rooms for the insertion of
a common grate or stove, is built up, leav-
ing only a small opening for the passage of
the smoke into the flue of the chimney ; and
the grate itself which contains the fuel pro-
Jjects entirely into the room. (See figs. 3
and 4.) '
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No. 8. No. 4.

Neigher of the preceding stoves will allow
of the chimney being swept by boys; and
therefore would not do well for London and
its environs, where the fire-offices might object
to their introduction, on the ground of the
supposed increased hazard.

The next stove in point of simplieity, is the
rude kind of American stove lately introduced
into this country through the recommendation
of that active and highly talented individual,
Mr. Cobbett. These stoves consist of a large
projecting cast iron hearth resting on brick-
work, with the sides and hood, or head, also
of cast iron ; the fuel being burnt on three or
four iron bars, resting on what are called dog-
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irons in our old English farm-houses. That
these stoves are far more economical than the
ordinary grates, cannot admit of any doubt.
But when good fires are kept, and the iron
plates become much heated, they occasion
that disagreeable and very noxious effluvium
in the room which we call burnt air. They
are also too inelegant in their appearance ever
to become generally introduced in the better
class of houses.

The most essential improvements that have
ever been made in the construction of stoves,
by one individual, are those we owe to Count
Rumford. This indefatigable philosopher not
only devoted the greater part of his life to this
subject in all its branches, both theoretical
and practical, for the advancement of do-
mestic economy in his own country (Saxony),
but Great Britain is also highly indebted to
his persevering and fertile genius for his la-
bours in this department of practical science.

The essential points in which Count Rumford
improved our fire-grates, 1s that of contract-
ing the area of the fire-chamber, (which used
to be enormously large in our old fashioned
English grates), and placing a flat surface in
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each interior angle so as to reflect that portion
of seat into the room, which according to the
old square-chambered grites almost all es-
caped up the chimney. As these stoves are now
in universal use in this country, and as the prin-
¢iples upon which they are constructed are so
obvious and well known to every working brick-
layer in the kingdom, any description of the
mode of fixing these stoves would be quite
superfluous. These stoves are indeed at pre-
sent so fitted up by the furnishing ironmonger,
as to render any skill in fixing them totally
unnecessary. Plans and sections of these
stoves are represented in Plate 1, fig. 1, 2, 3, 4.

In fig. 2, the breast-work of the chimney,
a, is rounded off in order to afford less ob-
struction to the ascent of the smoke} and
when the chimney wants cleansing, the plate
or flag-stone b, may be removed so as to open
the aperture or throat of the chimney, and be
subsequently replaced, after the operation.

In fig. 5, 6, 7, are plans and elevations of
these stoves on the most economical principles
suggested by Count Rumford. In fig. 5, a
semicircular recess is cut out (or built) in the
brick work, to the sides of which are sus-
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pended the frame work or bars of the grate.
A vertical section of this recess- is shewn in
fig. 6, and it will be evident from inspection
that the arch of this recess will reflect a por-
tion of that heat into the room, which would
escape up the chimney shaft in the ordinary
construction of fire-places. Fig 7, is an eleva-~
tion of the back and sides of the stove, which
is to be formed either of plate-iron, or slabs of
firestone, or tiles.

The first and second figures of Plate 2,
exhibit a stove with the ordinary cast iron
back, arid with moveable covings, either made
of iron covered with black Japan varnish, or
of polished steel. The jambs of the fire-room
are removed, and it is open on three sides,
being in fact only a plain wall, with a hood
passing into the upright flue of the chimney.
This hood is supported at each corner by an
iron pillar, which carries the mantle,

The covings are moveable upon axes, and
turn upon their upright edge nearest the fire.
The axes are made to turn in an iron collar in
the hearth, and at the top of the fire-room, so
that they may be set at any required angle, or
distance from the fire, as appears in the an-
nexed plan.
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By altering the angle in which the covings
are placed in respect to the fire, the heat of
the fire is reflected to different parts of the
room ; and by bringing them very near the
side bars of the grate, the draught of the fire
1s contracted, and thereby increased.

In the third and fourth figure of the second
plate are represented a fanciful contrivance
for turning away the fire when the room 1is
too warm. The fire is contained in an iron
cage, with a solid bottom, the sides partly
solid and partly formed of bars, and the top is
formed of bars only ; one of which takes out
for the purpose of introducing the coal. The
cage or grate is supported upon two pins, fixed
in the solid parts of its sides; and moving on
a swivel horizontally, which is inserted in a
hole 1n the hearth.

By this construction, the front of the fire
may be turned up so as to throw its radiant
heat up- the chimney; or by turning the
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whole ‘apparatus round on the swivel which
supports the cage, the front.of the fire may
be turned to the back of the fire-room, and
thus, the far greater part of the radiant heat
of the fire prevented from coming into the
room. o '
Another fancy stove is represented on the
same plate, in figures 5 and 6. The fire
rooms of the chimneys of two rooms being
made back to back, are parted only by an
iron plate moving on' a vertical axis, turning
in the hearth, and in the partition wall of the
two rooms. -On each side of this back plate
are affixed bars to form a grate, in one of
which a fire being made, should it render the
room too warm, a slight pressure will turn it
‘on its axis, and thus remove the fire into the
other room, and substitute the empty grate in
its place.
About two years back a patent was ob-
~ tained by Mr. Cutler, an eminent stove-grate
maker in Great Queen Street, for an improve-
ment in register stoves; so as to enable the
greater part, if not the whole of the smoke to
be consumed. A full description of thisin-
“wention was given in that useful weekly pub-

.



190 OF OPEN STOVES FOR RADIATING HEAT.

lication, * The Mechanics Weekly Journal,”
for Feb. 3, 1824. As this invention has been
altogether laid aside, in consequence. of a con-
tested law-suit respecting the patent right of
the inventor ; and from the stoves not being
at all likely to be generally adopted, on ac-
count of a certain heavy or clumsy appearance
as a drawing-room stove ; a brief description
18 all that can be necessary here.

These stoves were made on a similar con-
struction to the general forms of register
stoves, with the exception of the apparatus
for supplying the fire with fuel. Instead of
throwing on coals at the top of the fire in the
usual way, the fire was supplied with coal
from beneath. For this purpose a box,
formed of iron plates, was suspended by
chains attached to each end, which chains
were coiled round the spindle or axis of two
wheels placed in the interior of each side of
the stove. These axles were turned by a
winch, and a bevelled pinion, communicating
to a toothed wheel. In order to use this
stove the magazine of coals is to be filled in
the morning by lowering it to the bottom of
the ash-pit, and lighting the fire. The fresh
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coal as it becomes successively ignited from
above, will thus be compelled to pass its smoke
through the body of the fire, and will conse~
quently deposite the greater part of its carbon.
But as the magazine of coals would prevent
the necessary supply of air to maintain com-
bustion, this object is provided for by having
the sides of the fire-chamber formed of bars
instead of being solid in the usual way.
Independent of the trouble attending the
winding and unwinding this coal-box, it ig
very inelegant as an appendage to the better
class of rooms, and would, therefore, not be
likely to meet with the permanent patronage
of the public, even if the patent right of the
inventor had not been contested. For, it is
verified by daily experience, that in this coun~
try more especially, utility alone will not re-
commend any invention to the favour of the
public ; unless it be also accompanied by an
elegant appearance—or in other words—a
conformity with established notions as to
beauty or fitness, termed fashion. While the
~ ornamental part of our dwelling houses 1s thus -
subject to the same dominion in matters of
taste as the embellishments of our persons by
13
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certain forms of dress; it is in vain to recom-
mend utility or even economy to our upper
classes of society, unless we consult the pre-
vailing taste as to matters of elegance or uni-
formity.

Another variety of open fire stoves is com-
ing into very general use for warming public
offices, and other large buildings. The con-
struction of the fire-grate has nothing peculiar
in its arrangement, but is generally made on
" the common Rumford form with perpendicular
covings sloping to the back. It is placed not
under the flue of the chimney, but stands by
itself in the middle of the room; and is
closed immediately above the mantle with a
flat plate, a passage for the smoke being left
in the top of the back, which communicates
with a flue placed behind the back of the
grate, descending below the floor, and then
carried horizontally to the common chim-
ney. o

When good fires are kept every day in these
grates with descending flues, the heat retained
in the chimney causing a slight current even
in the morning before the fires are lighted,
will determine the proper coutse of the smoke,
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but in other cases, it is rather troublesome to
make it descend.

Sometimes in large offices, two, thrée, or
even four of these fire-places are placed back
to back, with a single descending flue between
their backs.

The top of these fire-places may be made
flat, and covered with a slab of marble, which
being kept heated gently by the current of hot
air, will serve to keep any thing warm that
may be required.

In the galleries and halls of the better class
of houses, these fire-grates with descending
flues are frequently made of fanciful forms,
as in this figure which sufficiently explains
their construction. . The line @. ... b, shewing
the plane of the floor.



CHAPTER XV,

RADIATION OF HEAT FROM CLOSE STOVES;
OR CONFINED FIRE-CHAMBERS.

TueE most economical mode of warming
apartments, and if properly managed, per-
haps the most salubrious also, is by means of
radiating heat from confined fire-chambers.
And the ordinary German stove, as it i
called, is probably the most economical and
simple that could be devised for this purpose.

In these close stoves the whole of the caloric
given off by the burning fuel becomes dis-
persed in the air of the room, with the excep-
tion of what is just sufficient to carry off the
smoke. And in case these stoves are properly
constructed, the greater part of the smoke be-
comes consumed from the rapid supply of air
which may be given to the ignited fuel.

In many parts of the continent where fuel
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is scarce or expensive, these kind of stoves
are in general use. For although the gtoves
of this construetion which are usually em-
ployed in this country, are only calculated
for heating workshops or manufactories, they
are eastly capable of being applied to culinary
purposes, with the exception of that of roast-
ing, which can only be performed by an open
fire. The heat produced on the head or top
of these stoves 1s indeed too great in many in-
stanices for the usnal cooking operations. But
if the top plate of such stoves be made of some
slow conducting substance, such as a thick
fire tile, or slab of marble, the heat may be
regulated with much greater convenience, and
economy also, than if these plates be made of
iron. :

The German stoves made in this country
are also made of plate iron much thinner than
1s advisable. For when the fire is urged fora
short period they speedily become red-hot, and
in that case vitiate the air of the apartment
with considerable rapidity. The seale, or rust
of iron which forms on the surface, whenever
that metal is exposed to a red-heat, being in
fact an oxide of iron, which is produced by

o2
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the . powerful -attraction of iron for oxygen ;
and is therefore so far injurious to the atmo-
sphere of such room for the purposes of respi-
ration.

Even before iron becomes red-hot it serves
to vitiate the air in a material degree, and
communicates that peculiar odour before men-
tioned called ¢ burnt air.” But which. odour
is_probably occasioned, not by any vapour
emitted from the surface of the heated metal,
as usually supposed, but from the nitrogen of
the air (which becomes liberated by the ab-
sorption of the oxygen) acting on the surface
of our bodies, and olfactory nerves, and
uniting with hydrogen; and thus forming
ammoniacal gas.—Whether this theory of the
case be correct or otherwise, we know that the
smell produced from heated iron is not only
very oppressive to the respiratory organs, but
it is evidently deleterious to animals exposed
to its influence.

Another disadvantage attending the use of
these stoves when the surface is greatly heated,
is, that of depriving the air of the portion. of
moisture necessary for the respiratory func-
tions. And this is more peculiarly injurious
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to persons who are labouring under any
catarrh, or other inflammatory disorders of
the head or throat. In every .case where
these stoves are used for warming apartments,
the plan which is adopted in many parts of
the continent should be followed,—that of
placing a shallow vessel of water either on the
head of the stove or somewhere adjacent, in
. order that evaporation may furnish an-equal
quantity of moisture in lieu of that which the
heat of the stove and apartment has dissipated.
The neglect of this precaution will almost in-
variably produce a most distressing species of
head-ache even to those who are the most ro-
bust ; whilst invalids will feel the inconve-
nience in a variety of forms, sooner or later.

The close stoves used throughout the greater
part of Germany and the north of Europe;
instead of being made of iron, like stoves' of
every description in England, are constructed
of masonry throughout; or of fire tiles, or
porcelain plates embedded in mortar. Even
the plates used for dampers, which come in
actual contact with the fire, are seldom made
of iron plate.

This substitution of non-conducting sub--
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stances (or at least imperfeot conductors of
heat) in the construction of stoves and their
appendages, is not.only consistent wath the
soundest principles of econamy, in the preser-
_vation of heat, and the more equable distribu-
tion of its advantages over any apartment or
suite of rooms ; but it:is infinitely more salu.
brious than the plan of warming the air of
rooms by contact with the iron stoves or pipes .
so generally used in England. Though heated
surfaces of all substances, except glass or porce-
lain-ware, serve to witiate the air of a room
in some degree, yet the rapidity with which
iran produces this effect (from its violent at.
traction for oxygen) renders it probably the
worst substance which could be devised for
this purpose, with the single exeeption of zinc.
From the prevailing fashion in this country
for polished steel or iron,in almost every de-
partment of our domestic appendages, (not-
withstanding there is no country in Europe
where it 18 more hable to the injury of rust)
it would be in vain for any one to attempt the
introduction of porcelain-plates, such as are in
general use in Holland and the Netherlands,
for facing the fire-grates or stoves; or indeed
11

-
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of substituting any other article than polished
steel, for the better class of stoves used in
England. The intereats of the furnishing iron~
mongers (to whom these matters are usually
left by gentlemen furnishing theix houses)
- may alse operate in ho slight degree in deter-
mining the prevailing taste for their own com-
modity, on the same prineiple as the currier

- recommended fortifying a town with ea~

ther ¥,

But if it be necessary, in abedience to the
mandates of fashion, that we should retain
polished steel for the facing of the better
class of stoves, there 1s no reason, whatever,
why the whole of the interior of such stoves
should be farmed of the same material,—un-
less it be for the purpose of carrying off the
heat, evolved by the combustion of the fuel,
by the most rapid means which could be de-
vised |

There is even less apology for this wasteful
practice heing tolerated in our common stoves,
than in those of the better kinds, for two rea-
sons :—]st. Economy in the consumption ef
fuel is a far greater ohject with the middling

* Vide, Universal Spelling Beok.
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and lower classes of society, than an attach-
ment to certain forms :—And 2nd. - The black
or cast iron stove grates carry off the heat
with even greater rapidity than those made
of wrought iron with polished surfaces.

It is true that a considerable portion of this
heat is radiated into the apartment; but it is
also true that a much greater proportion is
carried up the chimney, by the injudicious
construction of these stoves, and by the im-
mediate contact of their cast iron plates with
the brick work of the chimney.

These black, or cast iron stoves, moreover,
radiate the heat into the room with too much
rapidity  when they become considerably
heated, either for the purpose of comfort or
economy; and as a natural consequence, -
they again cool with equal rapidity, whenever
the fire be allowed to subside, or is neglected
for any length of time. Thus we are placed.
between Scylla and Charybdis, between the ex-
tremes of heat and cold, during the winter
season, in the space of a few hours, by the
rapid conducting power of the materials of
our ordinary grates, and the general bad ar-
rangement of their respective parts.. Inaddi-
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tion to which, we experience the: greatest of all
evils, as far as health is concerned, in bemg
placed near our open fires in aconstant cur-
rent of cold air on one Slde, and extreme heut
on the other.

. That we should be more hable to dlsorders,
especially to those which originate’ from cu-
taneous obstruction, than-any other nation
in Europe, will thus admit of an easy explana-~
tion. . And were it not for the general habits
of. cleanlmess, for which the English are so
eminently distinguished, and the improved
state of medical science at the present day ;
the consequences of these cutaneous obstruc~
tions would be much more serious than they
generally are. - Though it is not easy to date
the origin of those vast variety of chronic as
well as acute diseases, which originate’ from
obstructed persplratlon ,—-elther general or
partial.

With regard to the prevention of these for-
midable evils, as far as may be, by a superior
arrangement. of our domestic fire-places ;—it
certainly does appear to be very possible to
obviate great part of the. danger, by having
air-flues for the chief supply of the fire, car-
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tied in from the external air to the faot of the
stove, without passing through the roem, If
it should be consdered too expensive to re«
move a small part of the flooring or side wall
of houses now occupied, for the remate ques»
tion. of heelth, there is certainly no reason
whatever why this arrangemeant should not be
adopted in the construction of new buildings ;
except, that builders are not always ohliged to
be philanthropists.  'We have, moreaver, such
persons a8 district surveyors in certain greas
towns ; but how far their jurisdiction may ex-
tend beyond that of providing for their fami~
Lies, has not been clearly defined by any of
our voluminous statutes. Consequently the
proper construction of chimneys, aaas ta pre-
vent the waste of fuel, and the annoyance of
smoke; as well as the formation of air or
draught holes from the exteriar of houses to
the respective fire-places, in qrder to .the -
crease of domestic comfort and health—are
not. included mm the duties of surveyors, or
their immediate paymasters—the speculators
in new buildings.

To return, however, to the close-ehambered
stoves, generally used on the eontinent -
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There are several varieties of these stpves,
though almost all on the same prineiple-—that
of burning wood in a confined chamber, con+
structed of fire tiles, flag stones, or other slow
conductors of heat. -The most simple variety
of these stoves 1s represented in the following
wood cut; which is merely a rectangular box

No. 1.

or- chamber, with the frent wall removed.
This ‘stove may be placed in a corner of the
room, and supplied with fuel from without,
the smoke also being allowed to escape ex-
ternally.” When the sides of this stove are
sufficiently heated, the apertures may: be
closed by a piece of tile fitted to the openings,
which prevents the heat from being dissipated
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except by gradual radiation from the exteinal
surface. With a view to augment the heated
mass, the stove is sometimes made with three

No. 2.

internal chambers of thin fire stones, as in
figure 2. This arrangement retains the heat
rather longer; but still the stove requires at-
tendance.

In the preceding figures, the wood is repre-
sented as being burned on the bare hearth of
the fire-room ; but in the following figures the
fire-room is parted in two by a grate, on which
the wood 1s burned, as usual with coal. In
No. 3, the chamber of the stove is divided
into four, by three partitions, two directed
so that the smoke and heated air 1s obliged to
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No. 3.

descend twice ; and thus the current being
retarded, it communicates more of its heat to
the sides and top of the stove, and of course a
smaller proportion of fuel is required to give a
certain temperature to the room.

With the same view, the internal partitions
are frequently made thicker than the actual
sides; and the flues of the chamber directed
either horizontally, as in figure 4, or verti-
cally, asin figure 5. The partitions are made
either solid or hollow, as they are represented
in the figure. If they are made hollow, the
ends next the room are sometimes left open,
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NOo 4. . No. 5.‘

by which means the heating surface is in-
creased ; or they are closed with proper
stoppers, in which case they may, if horidon-
tal, be used as hot drawers, for the purpeses of
drying. 4 :
. Although the general form of this smaller
kind ‘of German stove, is that of an ordinary
chest of drawers placed in a corner of the
room, 0 that the top of them are used in
winter time as a drying place in the sitting
rooms of the superior classes, they are made
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of many other forms, as in the annexed

figure 6.

No. 6.



CHAPTER XVL

NORTH EUROPEAN, OR RUSSIAN STOVES.

In the colder countries of the north of Eu-
rope, the .close stoves are made more solid
than those already described, and more care
is taken to get all the heat that is possible
from a determinate quantity of fuel; espe-
cially as in many of the northern towns, a
heavy excise duty is levied upon all the fire-
wood that is brought into the town, which
renders it necessary to be very economical in
its use. |
The figures in plates I1I. and IV. exhibit
the most approved construction of these close
stoves. As the air of the room is to be
warmed solely by contact with the outside of
the stove, it is not built close to the wall, nor
immediately on the floor; but is raised a few

™~
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inches from. it by low pillars, and is usually
placed in a corner of the room ; and stoves in
the different apartments are so disposed that
the chimneys may be joined in stacks. as in
our English houses. -

-The- close stove whose sections .are dell~
neated in plate III. .is of a more simple: con-
struction than that. in the fourth plate, but
proportionably less efficacious in heating the
room. Itis composed of. afire-room, a, b,
fig. 1, 2, and 4, divided horizontally by a
grate, both which cavities are.accurately
closed with- doors, generally on one of the
narrow sides, as represented in the plate ;. the
door above the grate being double, to keep n
the heat more effectually.

The smoke and heated air arising from the
fuel burned on the grate . of the fire-room, b,
fig. 1, 2, and 4, passes through a slit .in_ the
roof of the fire-room, into the cavity, c, ﬁg 1,
2, and 3, immediately above it, and from
thence by another.slit, into a third cavity, d,
fig. 1 and 2, the roof of which forms. the top.

_of the stove. These apertures just mentioned,

are- not placed one above.the other, but are

‘made on different sides of the.roofs of the
P
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cavities, as shewn at ¢, in the verticle section
of the stove, fig. 1. o

A square opening, e, in the upper part of
the cavity, d, fig. 1 and 2, allows a_ passage
for the smoke and heated air info a descend-
ing flue, ¢, £, fig. 1, 3, 4 and 5; and in conse-
- quence of the retardation this descent causes
in the current of the smoke, great part of the
heat is deposited on the sides of the flue,
Havmg arrived near the bottom of the stove,
the flue turns up,.and ascends to near tlte top
of the stove, as at g, &,.fig. 5, 3, dnd 4, At
h, a square opening forms a communication
between. the stove and the stack of ¢himneys
belonging to the house. : C

The second vanety of Russian stoves, sec-
tions of. which are given in plate IV. are more
complicated than those described in plate IJI,
But as the principle of each is precisely the
same, the description already given will enable
the reader to.trace the production and econo-=
mical managetment of heat, without dny de-
scription.of plate IV. :

Although the general canstruction of stoves
throughout the north of Europe is never likely
to become introduced into England for heating
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dwelling-houses, while fuel is so abundant,
and the national taste for open fires prevails;
yet stoves on this principle might perhaps be
apphed with advantage in warrmng Conserva-
tories or Hot-houses. :

It would not however be necessary to sug-
gest any modification here, with that view;
as a subsequent chapter, describing several
varieties of the Belper or Derbyshire stove,
is more particularly applicable to the modes
of heating buildings of all kinds by air-flues:
—to which chapter we beg to refer the reades,
and proceed to the mode of heating aparo-
ments adopted by the Chinese.



CHAPTER XVIL

CHINESE MODE'OF HEATING APARTMENTS.

‘NorwITHSTANDING the national jealousy
of the government of the i immense empire of
‘China almest prohibits every species of inter-
course with other nations; and the patriar-
chal system of government which has been
adopted throughout the whole mass of society
for a long series of ages, renders it almost im-
possible that these singular people should have
derived any material improvements or disco-
veries in the arts from any other nations;
yet the high state of perfection to which very
many of the useful arts have attained, pre-
vents us assuredly from considering them in
the light of barbarians, or indeed, as any thing
less than a most ingenious and inventive race
of people, however much they may vary from
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that conventional standard, which we, in our
national greatness, term civilization. ,

In domestlc economy, and in agnculture,
espec1ally, the Chinese are economists in the.
strictest sense of the word. And in ‘some
cases they extend. this economy to limits
which would not exactly square with our no-
tions of delicacy. * Nothing in China is consi~
dered " useless, or is thrown away, from its
minor value. And whether this rigid eco-
nomy may be owing to necessity, on account.
of the extremely dense population of the
country ; or whether it be the result of deli-
berate study and experimental research, the.
fact appears unquestionable that in “several
departments of the operative arts and manu-
factures the Chinese afford us models well
worthy of our imitation or adoption. :

In the management of fuel for heating
buildings and other domestic uses, they ‘are.
admirable economists, according to the best
accounts we have received - of their internal
arrangements. English travellers have indeed
had’ very little opportunity of becoming ac-
quainted with the domestic economy of the
Chinese, owing to that commercial jealoysy;
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which. makes them exclude .our countrymen
from visiting the interior of the country. The
Fren¢h ‘missionaries of the last ‘centuiry -are
indeed the only authorities from whom we
gain any information concerning the internal
and domestic arrangements -of these:singular
people. -According to the account of Father
Gramont «(Phil. Trans. 1771) the ‘climate of
Pekin, where -he ‘was long resident, though
10 degrees farther ‘south than the latitude of
London, 18 considerably more: severe in the
wititer season ‘than the chimate of England :
the thermometer ranging :from 9° to 13 below
zeto -of ‘Reaumur’s ‘scale ; or from .20 to 80
below the freezing.point of Fahrenheit. .

‘In‘orderto counteract'this low tetnperature,
the Chinese adopt the most ‘scientific princi-
ples that :could be resorted to,—that of
building their houses with double walls, and
having hollow flues "extended ‘beneath the
floors ; by which all the heat which is gene-
rated, is made available for warming ‘the
dpartments.

In-the better class of houses, the fire-place
1s constructed ‘either against the exterior wall
of ‘the apartment to be heated, or else in-an
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inferior room adjaining : by which means the
inconvenience of servants entering the rooms
to superintend the fire, as well as the;nuisance
ansing from: dust or smoke is completely
avoided. . From ithe Aire-chamber praceeds a
main ﬂue‘w.hlch is connected. with the hori-
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zontal flue, a, b,.(see wood cut.) FErom.a, b,
another flue,.c, d, proceeds at right angles to
about three-fourths of the extent of the room.
These flues are perforated with holes at proper
distances in.order to give out the heated air
and smoke equally over.the whole.area of the
flooring. Two : horizontal flues are built in,
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or attached to the side walls,as atf, g,’in
order to carry off the smoke into the external
air, or into the flue of .an upright'chimney.
The flooring" of the apartment consists of
flat tiles or of flag-stones nicely embedded in:
cement, so as' to prevent the escape of the
smoke or heated air from the flues beneath,
into the roem. These stones or paving-
tiles resting on blocks of stone or bricks,
may be made of any thickness required for
the extent of the air-flues which are em-
ployed. R

It must be obvious from inspection, that
this mode. of disseminating heat will be more
economical even than the plan of the Russian
stoves ; whilst it disperses the heat more uni-
formly over the apartment, by its coming in
contact with every part. of the floor. These
floors also being built of very imperfect or slow
conductors of heat, and in the better class of
houses, the paving tiles being made of orna-
mental porcelain ware, of considerable thick-
ness,—when the floor has once become suffi-
ciently heated by the flues, and the apertures -
of the main flues at the exterior being stopped,
these ‘porcelain floors will retain a sufficient
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heat for domestic comfort for many hours, or
rather during the remainder of the day.

It is' perhaps good economy in such cases
not to let the temperature get below a certain
point, before a-fresh portion of fuel s added to
the fire ; on the same principle as that itisa
wasteful practice to allow the air’ furnaces of
founderies, or other manufactories, to become
extinct ¥,

The only objection that seems to present
* 1tself against the Chinese method of heating
rooms, 1s that of the flues becoming choaked
by the deposit of soot. This evil is, however,
in a great measure, avoided, by the close eco-

* It appears, from the ruins of the Roman villas which
have been discovered in England, and particularly from
that described by Mr. John Lyster, in the Philosophical
Transactions for 1706, vol. xxv. p. 2226, that these flued
floors constituted that kind of hypo-caustum, which the
Romans called fornax; or canatiuncula hybernaria ; -ex-
cept that the fire-room and chamber, or flue, was con-
founded into one; a deeper space being left between the
two floors of tiled and the space heated by burning wood
on the lower floor, the fuel being introduced by a door on
the side. The ravages of the northern nations seems to
have occasioned the disuse, in this country, of the Roman
mode of heating rooms, and to have introduced our present
ruder manner of effecting the same object.
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nomy of this ingenious people. For instead
of employing pit-coal .of good quality, they
make use - of the inferior orsmall coal for this
purpose ; which refuse coal is:mixed with a
compost of clay, earth, cow-dung, or any re-
fuse vegetable .or carbonaceous matter, and
then formed into ‘balls, which are dried in the
sun or open air. Independent of the .cheap-
ness of these fire-lumps or balls, they.give out
very little smoke during combustion, and.con-
sequently the flues are proportionably less
liable to be.choaked with soot. In some cases
wood is:employed for domestic fuel in China ;
but as-they :possess abundance of coal, and
have a general communication throughout the
klngdom, by water carnage coal, or com-
posts of coal and earth of various kmds, con-
stitute the bulk of the fuel used m that
eountry.

" In the inferior class of houses, instead of
having the stove built outside the house, it is
constructed in .a.corner of the ordinary room.
A pit -being dug for the body of the fire-
chamber and draught-hole, and the top orhead
of the stove'is used for the different operations
of cooking, ar other domestic purposes.
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That no .portion of heat may be lost, or
escape into the room by radiation, -beyond
what 1s requisite to maintain a given tempe-
rature, the Chinese place vessels of water on
the head of the:stove; which serves both to
absorb and economise ‘that heat which would
be, otherwise, lost or waste; while it affords.
the mecessary supply of moisture by evapora-
tion, ;to preserve -the atmosphere of a room
always in a state:.of salubrity or of comfort.
In this instance, therefore, (as well as many
others in the useful arts) ‘the English might
take a lesson from :these ingenious people ; for
a .great ;portion of the inconvenience and op-
pression which-we feel in .our apartments dur-
ing the summer season, or even in winter, when
a considerable number of persons assemble
together in rooms, artificially lighted, arises
from the ‘want ‘of sufficient humidity in the
air for:the purposes of animal respiration.

We have already shewn in a previous chap-
ter, that a few open or shallow vessels of water
placed in crowded apartments, such -as as-
sembly rooms, lecture rooms, &c. would have
a beneficial agency as an-ahsorbent of part of
the vitiated air, (ammoniacal.gas): but it is
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perhaps of ‘far greater importance to health,
to afford at all times an adequate supply of-
moisture to the air.

. Although.a very humid atmospheré—espe-
cially when accompanied by a low tempera-
ture, as during our autumnal months—is dis-
agreeable, and productive of chronic diseases
as well as “low spirits,”—yet the conse-
quences of an excess of moisture in the air;
are not so injurious to health as a-deficiency
of moisture.

Were it not for this 1mportant agency of
water—designed by our beneficent Creator as
the, regulator of so many natural phenomena
- —we should not be capable of withstanding
the scorching rays of the sun in tropical lati~
tudes, nor the severity of the northern blast of
winter. For in the former case, the evapo-
ration of water following the elevation of tem-
perature of the air, and (as we have previcusly
shewn) the conversion of water into vapour
requiring a prodigious supply of caloric from
the air;—whilst a sufficient supply of water
exists, the absorbtion of heat by the process
" of evaporation, will always keep the tempe-
rature of the atmosphere below that of the
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human body, or 96° Fahrenheit. But in the

“interior of a large continent, or in.districts
abounding with vast deserts or sandy plains,
the want of humidity in the air sometimes
‘allows the thermometer to range from 110 to
.120 degrees, in the shade. .

‘Another proof of this beautiful agency of
water, in moderating the extremes of tempera-
ture, is equally apparent in high latitudes.—
The cold currents of wind blowing from the
north and north-east during the winter, in our
*hemlsphere, would be perfeetly insupportable,
1if they were not mltlgated in their severity by
the - aqueous vapour ex15t1ng in our atmo-
‘sphere. For during the process of congelation
the aqueous vapour not only gives out to-the
atmosphere the vast quantities of caloric - (es-
timated at 900° Fahrenheit) which -is held in
combination ‘under the gaseous form,; but
about 140 degrees additional, while passing
from the liquid (water) to the solid form of
ice or snow.

It thus appears, notwithstanding our dis-
like or apprehension of the severity of snow
storms, that they are destined to answer a
most important purpose in the economy of
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nature, by mederating the inclemen¢y of the
climate in high latitudes.

The rmpommce of water, or rather of aque-
ous matter, in the grand external magazine

called the atmosphere, will thus enable us to
form an opinion of its value as ‘a regulator in

our domestic edifices. As each cubic foot of
air (according to the accurate calculations of
Mr. Daniell, in his valuable Meteorological
Essays) at the temperature of 60° contains
about 6.2 grains of water, when saturated
with moisture ; 1t will be readily seen, that a
considerable supply of this aqueous matter
will be necessary to maintain the air in a re-
spirable state, whenever the temperature is
much increased, and the air of the room be-
come dried and vitiated by artificial lights
and fires. The capacity of air for moisture
being proportionate to the temperature, in an
increasing ratio—a cubic foot of air at the
temperature 84° will require 12.7 grains, or
more than double the quantity of water neces-
sary to saturate air at the heat of 60 degrees.

12



CHAPTER XVIIL
CLOSE CHAMBER AND VASE STOVES.

Tue celebrated Dr. Franklin, among various
other pursuits connected with practical science,
devoted great attention to this department of
civil and domestic economy. But although
the generaI talent, or more accurately, the
universal talent, of Franklin, must ever be ac-
kinowleged ; yet it cannot be denied, that this
great man was. sometimes in the habit of
availing himself of the discoveries or sugges-
tions of others, and after effecting a slight
modification in their arrangement, announcing
such inventions as his own ab origine.

Thus, in the case of stoves or grates for
more effectually economising fuel, many of
the inventions described in his Essays were
-adaptations of the inventions of French or
German philosophers.
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In the middle and latter end of the seven-
teenth century, a M. Dalesme, a French en-
gineer, invented a domestic  stove or furnace,
with the view of giving out nearly all the
artificial heat to the apartment, whilst it was
calculated to consume the smoke at the same
time. The apparatus, which is the inven-
tion of Dalesme, improved by Dr. Leutmann,
a German, 1s represented by the following
wood cut. We should, -at the present day,

‘perhaps, consider this apparatus rather rude ;
but as 1t obviously forms the basis on which
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several later inventions have been founded, it
is worthy of mention here. The vase, or fire-
chamber, may be taken off, and filled with
lighted charcoal or wood, and the drum, or
lower chamber, and pipe, being then heated,
by burning a little hght wood or shavings,
the vase is to be replaced ; when, the air being
only admitted at the top of the vase, will
drive a current of heated air and smoke up
the pipe, and into the flue of a chimney. It
must, however, be evident, that some part of
the smoke and vapour will ascend from the
top of the vase into the room, and that it
could only be used with any comfort with
charcoal, or wood very well dried.

Dr. Franklin, in adopting this principle of
constructing stoves, actually retained the vase-
like appearance which Leutmann had given to
the fire-place ; and indeed, the only .essential
alteration he made in the construction was that
of flattening Dr. Leutmann’s drum, or lower
chamber, into the shape of a hollow hearth,
divided into flues ; and not admitting any air
to pass into the chimney beyond the fire. This
last alteration renders his stove more truly a
close stove than Dr. Leutmann’s ; but the pro-

' Q
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priety of the alteration will be considered
hereafter.

The general appearance of this stove, ac-
cording to the modification of Dr. Franklin,
is that of a cast-iron vase, standing on a
pedestal in a niche or recess of the wall of the
apartment, as represented in Plate V. figures
1, 2. The vase opens by a joint, a, fig. 2,1n
order to admit the fuel, which rests on the
fire-bars, b : a plan of which is shewn, fig. 8.
The height of the vase is from 20 to 24 inches,
with an aperture at the top about 2 inches
diameter for the admission of air. The lower
aperture opens into the square box which forms
the pedestal : the bottom of this iron box
being furnished with bars, to allow the ashes
to pass into the iron trough below, see fig. 4;
or at @, in the horizontal section fig. 5. Be-
neath the pedestal are five (or more, if neces-
sary) air passages, for more effectually dis-
seminating the heat from the burning fuel.
The front view of these passages being seen
in fig. 1, and the section, fig. 5, a. b.b. c.c.
These passages have a front wall or plate,
something in the form of a fender, which
prevents the smoke and hot air from flowing



CLOSE CHAMBER AND VASE STOVES. 227

into the room but after giving out the greater
part of its heat, it passes off by two holes,
shewn in fig. 4, into the main flue of the chim-
ney. Flgures 6, 7, are representations of the
cover to regulate the admission of air from the
atmosphere into the vase, and to shut off the
communication when requisite, from the vase
to the air-chambers. A

'From the very nature of this construction,
a current of air can only be produced through
this stove (from above downwards) by heating
the box below the pedestal and the air passages,
previously to lighting the vase, which is to-be
accomphshed as follows :—The communication
with the air above being shut off, afew shav-
ings are to be hghted in the center alr-passage,
the rarefied air and smoke finding its way
through the other passages into the chimney-
flue. After a current of air is thus created,
and the lower chambers closed in, by lighting
a‘fire in the vase, and opening the top, the
supply from the atmosphere will continue the
current downwards through the fire and air-
chambers; so that little smoke will escape
upwards. It is too troublesome an opera-
tion for domestics to superintend a stove of

Q2

~
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this description. And as it is not calculated
for burning coal, (both on account of the im-
possibility of preventing the disengagement of
some of the smoke from recent coals into the
room, and of the lower passages becoming
choaked by the soot) though this stove is
tasteful and elegant in appearance, it never
would be generally introduced—even in the
more ornamental parts of buildings, such as
halls or librartes. ,

Dr. Franklin also availed himself of the
labours of another eminent Frenchman, the
Cardinal de Polignac, who, in the early part
of the last century, published a treatise, en-
titled « Le Mecanique de Feu,” under the
assumed name of Gauger.

From this treatise, which contains many
valuable suggestions on the best meéans of
economising fuel, Dr. Franklin borrowed the
construction of what he denominates his Pen-
sylvania stove, both in compliment to his
newly-adopted country, and more effectually
to conceal the origin of its invention. "As the
principle on which this variety of stove is
constructed, 1s very nearly similar to that
of the Russian stoves already described, a
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brief account of Dr. Franklin’s adaptation is
all that can be requisite here. Plate VI.
figures 1 and 2, represent a front view of these
stoves. Figure 1, having the front plate and
screen removed, so as to exhibit the air-pas-
sages, a.a. F igure 3 shews the vertical section
of this stove, while these air-chambers are re-
presented above %, the current of air being
admitted by a flue beneath the floor at f, and
after passing through the iron chamber or box,
escaping at the back part of the stove, and
being prevented from a.scendmg the chimney
by the plate g, it is thrown out into the apart-
ment. The fire being lighted at a, the smoke
and hot air will pass down the middle passage
b, and up the main flue ¢, provided the flue
retains any heat so as to give a current in the
firstinstance. The draughtof the fire may,how-
ever, be increased, by allowing part of the air
from the flue f, to escape near the front of
the fire, and thus force up the current of
smoke. The ground plan of this stove is re-
presented in ﬁgure 4.
As the box or alr-passages of this sove are
formed of iron, and being in immediate con-
tact with the burning fuel will speedily become
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réd hot, it is evident that tlte heated air whieh
i¢ thrown into the room from steves of this
constructiori, will have the disagreeable and
insalubrious property of burat air ; which we
have already stated as applicable to the com-
mon German stove made of von plate:

Fi igures 5 and 6 are vértiéal and horidontal
seetions of the ordinary English grate, en the
old square fire-chamber plan ; only it is pro-
vided with a séries of air-flues on éach side
between the iron plates of the fire-chamber
and the jambs of the ehimney. But the
same objection that applies to the preeedmg
form of stoves for bifning Woed, is equally
applicabld in this case. The air must néées-
sarily be vitiated by cothing in ¢€ontact with
red hot iron ; whilé Dr. Franklin has not even
made any provisien for supplying the heated
air with moisture dftet it has passed througha
red heat ! The pretensions of the doctot there-
fore as to any claim of originality of inveiitior;
either in the vase form stoves; or in those of
the latter description are exceedingly slight ;
and had hé nét emigrated to a country. where
society was at that period almost 1n a state of
infancy, dnd whefe his pretensions were con-
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sequently not disputed, we should probably
not have heard of Ais * Pensylvanian stoves.”
Dr. Franklin in some départments of science
had original views ; but from the specimens
of his talent here represented, it would not
appear that those views extended to ‘the de-
velopement of any essential improvements in
the construetion of stoves or the consumption
of fuel.

The celebrated French chemist, M. Guyton
(de Morveau) was likewise guilty of attempt-
ing an improvement on the stoves commonly
used in Sweden and throughout all the north
of Eurape; in order, Like Frankhn, to claim
the honor of invention. The ¢ improved”
stove of M. Morveau is represented in plate
VIIL., and 1s adapted for the use of wood fuel
only, like the other stoves of this kind before
described. Indeed the modifications in the
construction recommended by this eminent
chemist are in so slight a degree different
frem the stoves shewn in Plates III. and IV.
aa scarcely to deserve a separate plate. Fig.
1, Plate VILI. is an elevation of Mons. Guyton’s
stove, and fig. 2 a section cut through the
center : and fig. 3 a section cnt through the
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rightside of fig. 1.. Figures 4 and 5 are hori-
zontal sections, the former cut through the
superior portion,.and the latter through the
lower portion of fig. 1. «, fig. 1.'is the en-
closed fire-chamber, made of plate or-cast
iron, with air-passages on ‘each side which
alternate, as shewn at b, fig. 3, in.order to
bring the air more effectually in.contact with
the hot sides of the fire-chamber ; after which
it passes into the air-chamber, €, shewn in
figures 1, 2, 8, where it is still further heated
by the hot plate, d ; from this chamber it flows
through the two apertures e, e, into.the apart-
ment. These apertures being provided with
plugs or stoppers to regulate the supply as
may be necessary. The chamber, £, is a kind
of warm closet built of brick or stone. .
'The fire being lighted in the space, a, figures
1 and 2, the smoke and hot air will ascend the
back flue, b, fig. 2, and on arriving at the top-
of the stove will communicate its heat to the
flues or hollow walls both in the front and
down the sides of the stove, as shewn in the
upper part of fig. 2, and in the.sections at
figures 4 and 5; after making this circuit the
smoke escapes through a pipe at the back of
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fig. 2, into the chimney-shaft.. This pipe
‘being closed by a damper when the wood has
given out all its smoke in order to prevent the
escape of heat unnecessarily from the stove
into the chimney. The draught-holes for the
air which is to be heated and subsequently
thrown out into the atmosphere of the room,
are shewn at b, b, fig. 1, and at the side
view, fig. 3, at a. And the necessary supply
of air for combustion of the wood is admitted
through the small aperture, b, fig. 2.

As we before observed, the slight altera-
tions of this stove from the plan of those used
in the north of Europe, are not sufficient to
entitle M. Guyton to the honor of an in-
ventor. The only improvement is one which
might have been naturally expected from such
an eminent practical chemist—that of attach-
ing a vessel of water to the stove so as to sup-
ply the heated air with sufficient bumidity.
But the iron plates of this stove, like those of
Franklin, must greatly deteriorate the air for
the purposes of respiration.

One of the best forms of arrangement which
has been hitherto suggested for uniting the
advantages of a close chamber-stove, with.
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that of accommodating the English predilic-
tion for open fire-places; is the plan of a stave
grete by Sir G. O. Paul, described in the xixth
volume of Transactions of the Seciety of Arts,
&c. and of which the following weod cut 1s a:
representation. The form is that of a eom-

mon Bath stove, but with the hobs projecting
two inches and a half before the front bars of
the grate. Both the ash-pit and front of the
fire-grate are closed with folding doors ; there
is also at top, an iron plate moving on hinges;
which, when put up, serves as a continuation
of the back to the stove, and when down, it
serves as a cover to the grate, which 1s
then completely enclosed. The smoke passes
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through a notch in the back of the grate mear
the top. The iron cover, when down, may .
be used as a hot plate for culinary purposes.:

‘Holes are left in the castings of the ash-pit
to receive the mouth of air-pipes; either in the
back, or on one or both sides; as eircumstances
may require.

At the top of the stove is a register sliding
in groves, which; when pulled out, closes the
opening from the room &nd space above the
grate into the flue of the chimney, and opens
that which communicates with the slit in -the
back of the grate. And when this register is
pushed in, it shuts this communication, and
opens that between the space above the grate
and the chimney.

The draught-hole for supplying this stove
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with air, when the ash-hole is closed, may be
made to communicate with the ceiling of some
other room, either below, onthe same floor,
or above that in which the stove is placed ; or
if the stove is used on shlp-board with the
bottom of the hold. (R

It will be obvious, from an inspection of the
principles of this grate, that when the doors
are closed it possesses all the economical ad-
vantages of close stoves, and on opening these
doors, the cheering aspect of an open grate is
obtained. For ordinary sitting rooms, where
part of the necessary culinary operations are
sometimes performed, it also affords the ad-
vantage of warm plates or hobs, without any
additional sacrifice of fuel. But owing to a
certain heavy or clumsy appearance attached
to the doors in front of these stoves, they have
never been much introduced into use, not-
withstanding the soundness of the principles
on which they were constructed, and their
economical advantages.



CHAPTER XIX.

|

OF THE VARIOUS KINDS OF COCKLE
STOVES.

THE economical advantages to be derived.
from the use of confined fire-chambers in pre-
ference to open grates for warming buildings,
have long been so well known, as to have in-
duced several of our ingenious countrymen to.
adopt the principle of the close German stove
in the construction of stoves for heating
almost every species of buildings, with the
exception of the _domestic apartments of
dwelling-houses. In the application of this.
principle however, a very different arrange-
ment is necessary when coal is the fuel em-
ployed, instead of using wood. The latter
substance (as we shewed in one of our early
chapters) from its giving out a greater pro-
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portion of hydrogen during combustion, the
smoke may be conveyed off after passing
through many circumvolutions in the flues;
and without depositing any material quantity
of soot in its progress. But owing to the su-
perior density of coal smoke, and its hability
to deposit its carbon, it is necessary to make it
pass off at a higher temperature, and through
flues of greater area than would suffice for the
smoke of wood, peat, or coke.

The first person who made any material
umprovement in the close chambered stoves
in .England, was Mr. Strutt of Derbyshire;
for .the purpose of warming his extensive cot-
ton-works more uniformly, and -with greater
economy than formerly. The first or most
simple plan of these stoves, was that of mak-
ing -the fire-chamber -of a cylindrical form,
with a flat.or dome-formed head, and a pipe
leading :from the upper part to carry off the
smoke into a chimney-flue; like the old Dutch
or German plate iron stoves. This iron fire-
room, which from its figure, has obtained the
name of ¢ the cockle,” was then placed on a
bed of masonry or brickwork, with a grating’
and ash-pit beneath, as represented.in plate

11
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VIIL. fig. 1. At a given distance from the
eockle, ‘a, a mass of brickwork was built up,
concentric with the cockle and its dome ’top,
as at b, b, in otder to allow a current of air,
which was admitted by passages below, to
come in immediate contact with the whole
surface of the iron chamber and pipe. This
air after heing heated and consequently rare-
fied would naturally ascend towards the head
of the stove, and pass through ome or more
apertures -into ‘the room required to be
warmed ; as at e. The fuel was supplied at
the doorc, passing down a sloping dead plate
to the fire-bars. The ash-pit and draught-hole
for the fire being shewn at d.

In order to bring the air in contact with a
greater extent of surface ; another form was
given to the.cockle by contracting its diameter
and making it of iron pipe, bent into a serpen-
tine form, as represented in fig. 2. The fire-
chamber is formed by placing the grating
near the lower part of the conical pipe, a, the
opening to which, for the admission of fuel, is
at.¢; another narrow opening is made imme-
diately in front of the fire-bars, to allow the
“ashes to be cleared from the bottom of the fire.

A}
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The brickwork enclosing the cockle is built in
the form of a parallelogram, the longest dia-
meter at b, b, in order to contract the area of
the chamber, and bring the air which is to be
heated in more immediate contact with the
surface of the cockle previous to passing into
the room through the aperture, e, at the top.
By this arrangement a saving of space is ef-
fected, which is sometimes an object in small
apartments.

Another variety of these stoves is shewn in
the horizontal and vertical sections; figures -
3 and 4. The cockle instead of being cylin-
drical, is made of a rectangular form, having
the top plates or head meeting in a sort of
groined arch. The fire-room and. ash-pit is
similar to those of fig. 1, but the smoke and
hot air after passing upwards and warming
the top and sides of the cockle, is made to.
pass off into the chimney-flue. through the
narrow channel attached to the side opposite
the fire, as seen at c, c, figures 3 and 4 ;_by.
which means, it 1s presumed, less heat will be.
lost than when the smoke is allowed to escape
near the head of the cockle. - The air is ad-
mitted by three passages at the base of the
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stove, shewn at-b, b, b, fig. 3, and in order to
prevent its escape into. the room with too
much rapidity, a few tiles or plates of iron are
inserted in the brickwork, to retard its pas-
sage until it shall have been heated by coming
in immediate contact with the sides of the
cockle, previous to its evolution into the room
or building, through the flue q, fig. 4. ;

A fourth variety of these stoves is shewn in
figures 5 and 6 of the same plate. The only
essential difference of which from the preced-
ing, consists in the numerous apertures by
which the warm air is allowed to make its
escape into the apartment to be heated ; and
in having two passages for the smoke to es-
cape into the chimney-flue, shewnat a, figures
5 and 6. In fig. 6 part of the apertures are
supposed to open into a lower apartment;
whilst a kind of dome flue carries the warm
air from the head of the stove into an upper
apartment.

- The before-mentloned stoves are pnnc1pally
‘ calculated for warming -apartments or manu-
factories, to a moderate degree only,.or for.
personal -comfort. But:-as many . kinds. of
manufacture require a considerable degree of

R
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heat for the purpese of drying goods, such as
calico printers, dyers, printers, &c. a much
greater heat is capable of being given to a
certain quantity of atmospheric air -by the
following arrangement, (‘See plate 1X.) than
in those varieties before described.

Figures 1 and 2 represent front and side
sections of this kind of stove. The cockle, or
body of the stove, @, is usually- cast in ene
piece, with the exception of the cover, which
1s made to fit on close. - The vase rests on the
fire-bars, shewn in horizontal section in fig. 4,
where the ash-hole with its door, d, is shewn,
and also at d, fig. 2. The opening for the
supply of fuel is shewn at the door, b, fig. 2;
and the flue for carrying off the smoke at c,
of the same figure. The passages in fig. 1,
b, b, b, b, are for: admitting the air to be
heated, after which operation it passes off
into the room by the opening ¢, in the top;
or through the lateral openings, c, c, in fig. 4.
Fig. 3 is a horizontal section of the ash-pit,
and two air-flues. The brickwork is built of -
‘considerable thickness round the cockle of
‘these stoves, in order to prevent the escape of
heat in the immediate vicinity of the stove,
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and of course more effectually economising
the fuel ; as they are sometimes built in other
apartments than that which 1s required to be
heated. From the whole of the lower part of
the cockle being the receptacle of the ignited
fuel, it 1s obvious that its exterior will often be
elevated to nearly the same temperature as the,
inside ; consequently, a current of air pass-
ing over its exterior surface will become heated
in a proportionable degree to the rapidity of
#s passage. _

This method of heating air is undoubtedly
the most .economical which has been hitherto
devised in this country, as all the disposable
heat given out by the fuel (with the exception
of what is necessary to carry off the smoke)
is absorbed by the air in its passage through
the air-chamber of the stove. And, although
this mode of heating air is not exactly suit-
able for dwelling-houses or animal respiration,
on account of the deterioration of the air by
hot iron ; yet in many operations of the arts,
‘as for drying corn and other natural produce,
as well as in various manufactories, 1t affords
a most convenient and economical method of
disseminating heat. .

R 2
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Another modification of this stove was ine
vented by Mr. Strutt for bringing the air to
be heated into a kind of focus, and thus mak«
ing it come into closer contact with the fire-
chamber, '

Fig. 5, (Plate IX.) represents the cockle as
a dome resting on a bed of solid masonry, in
order to prevent the escape of heat. The air
is admitted through numerous openings round
the base of the stove, at b, b, and after pass-
ing over the surface of masonry, a, a, comes
in contact with the head of the cockle; after
which it escapes through numerous iron pipes
into a main flue above the head of the stove
as seen in fig. 5. Fig. 6, represents a very
simple and economical stove on the principle
of the lime-kiln. The body of the stove, a,
may be constructed of masonry or brickwork,
having an ash-hole and fire-bars ; the latter of
which is made to draw out by the handle, d.
The fuel is applied at the top, which is closed
by an iron plate or fire-tile, c, like the com-
mon air furnaces; the smoke and hot air
passing up the flue into a chimney-shaft, at b..

Notwithstanding the obvious advantagesiin:
point of economy, from heating extensive cot-
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ton mills or other manufactories, and warm-
ing hopitals, prisons, or other buildings where
open fires would either be impracticable, or
unsafe,—by means of the cockle stove, under
some: of the arrangements before mentioned:
the plan was not sufficiently made known to
the public, nor. its economical - advantages
pointed out, until it was mentioned by Mr.
Buchannan 1n his ¢ Essays on the Economy
of Fuel, and Management of Heat ;” published-
in 1815. Since which period, Mr. Sylvester
in his very able work, “ The Philosophy of
Domestic Economy,” has materially called
the attention of the public to the great im-
portance of the question, by shewing the be-
neficial application of an extensive stove of
this kind erected in the Derby Infirmary.

As this stove and.its appendages may be
taken as a model for the construction of all
others for similar situations, (allowing for the
extent of the building) the following descrip-
tion and plates, will, it is presumed, afford suf-
ficient directions to the architect or. builder
employed in such work.

It 1s necessary that the area on which a
stove of the following description is to be
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erected, should allow of a subterranean pas-
sage being carried out and communicating
‘with the external atmosphere, at some conve-
nient distance from the building. In order
to allow of preducing a current of cool air for
the purposes of ventilation in the summer sea-
son, as well as for the supply of the stove for
warming the air of the apartments in winter.
The stove should also be erected as near the
middle of the area of the building as conve-
nient, and be placed from 6 to 12 feet below
the floor, in order to preserve uniformity as
much as possible in distributing the warm air
through the edifice.

A section of the stove erected at the Derby
hospital, is shewn in Plate X, fig. 1; and a
horizontal section of the same is seen in Plate
XI, fig. 2. The cockle, a, (Plate X, fig, 1.)
is made of a cubical form, with a dome, or
rather groined arch top; about 3 feet dia-
meter and 4 feet high ; and 1s made of plate
or wrought iron rivetted together like the ordi-
‘nary boilers of steam engines. The smoke
passes off by a narrow passage at the base of
the cockle (as in the stoves before mentioned)
and through the flue, f, or as seen in the
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horizontal section, fig. 1, Plate XI. The
brickwork surrounding the cockle, 1s bult
with- alternate openings -between the bricks
(as represented in the side view; fig. 2, Plate
X.) at about 8 inches: distant from the sides
of the cockle. ' Through: these apertures, pipes
are inserted (which may be made either of
sheet-iron or common porcelain-ware) so as to
extend within an inch of the cockle; (as
shewn in the enlarged sections in Plate XII,)
by which means, the air to be heated may be
thrown near, or in immediate contact with
the surface of the cockle if -desirable. = The
horizontal partition represented at d, d, fig. 1
and 2, Plate X, cuts off the communication
between the lower and the upper portion of
the air-chamber. The arched openings in
the lower half at ¢, ¢, and in the section, fig.
2, Plate XI, being the openings of the main
air-flue leading from the exterior atmosphere.
The fire-room and ash-pit, b, b, with-their
doors and fire-bars, are shewn in elevation,
and horizontal, and vertical section, in figures
1, 2, and 3, plate XIIL,

The inspection of the figures will shew that
a quantity of air passing from the lower flues,
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¢, ¢, through the apertures beneath the hori-

zontal partition, and coming in immediate

contact with the bedy of the stove, must find

its way into. the ‘upper air-chamber, e, e.

through the numerous apertures or pipes in-
the. upper division, by which circuit its velo-

city will be sufficiently retarded to obtain the -
necessary elevation . of temperature from the
heated cockle. :

. But in order that the air may not be in-
jured for the purposes of respiration, the size
of the fire-chamber in these stoves must be
so regulated as not to heat the cockle or body
of. the stove (at an average) above. the tem- -
perature of 300 Fahrenheit. The Derby
stove allows the passage of nearly five cubic
feet of air per second, which is warmed to
about 130° at the instant it escapes from the -
upper air-chamber into the pipes, leading to
different parts of the building. These pipes
or flues are provided with dampers to regulate
the admission of warm air at pleasure, and are
shewn in section at fig. 2, Plate X.

. Provided a stove of this construction is well
built, and so managed as not to allow the warm-
ed air to attain too great elevation of tempera-
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ture, it is not only much more economical than
any other method, for warming extensive build-
ings, but it is equally salubrious with the more
recent mode of employing steam pipes for
this purpose. The' principal disadvantage of
the plan appears to be, that it would not be
found economical on a small scale on account
of the expence of erection ; nor could it be
easily applied to an extensive building unless
constructed in the first instance, or during the
erection of the edifice. But as the air pas-
sages of this kind of stove are placed several
feet below the soil, it affords a convenient
mode of admitting a portion of cold air to the
interior of the building in the summer season,
by means of a revolving mouth-piece, or head
placed at the aperture of the air-passage, so as
to receive the current of wind at the outer
extremity of the passage, and thus convey it
to the interior of the building.

The great variety of hot air-stoves which
are now manufactured and sold by the dif-
ferent ironmongers, on the original principle of
the Derby or Belper stove, it is not necessary
to describe, after wiggt has been already said
as to the general pninciple of their coastruc-
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tion. These stoves are at present adapted to
every kind of building either on a large or
small scale, but they are almost universally
constructed of cast iron throughout, which
(for the reasons before mentioned) 1s very
objectionable with regard to the salubrity of
such apartments. For it has been justly ob-
served by Mr. Tredgold, that atmospheric air
should never be heated beyond the tempera-
ture of 212° or 250° when required for resp:-
ration. Therefore, the hot air which escapes
into rooms from the surface of the fire-cham-
. ber of these stoves, being in many instances
from 300 to 400 degrees, its salubrity will be
impaired both by the want of sufficient mois-
ture and by its oxygenous portion beingpartly
absorbed by the surface of heated iron.—Part
of the evil 1s avoided by encasing the fire
-with fire-brick ar stone ; but the smell of burnt
air is always perceptible, more or less, in stoves
constructed of cast iron.

With regard to the combustion of smoke,
we have already shewn that it is imprac-
ticable, by any of the arrangements hitherto
adopted. These air-stqges certainly afford
the most elegant mode of carrying off the
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smoke, whilst their ornamental appearance
render them peculiarly adapted for halls, li-
braries, shops, or other open apartments which
admit. of free ventilation of the air to carry
off the noxious effluvium.

The only variety of stove which demands
further notice, is that lately invented by the
ingenious Mr. Jacob Perkins.—The object of
this gentleman was that of more. effectually
economising fuel, and, as far as possible, con-
suming the smoke.

The fire-chamber of Mr. Perkins’ new stove |
nearly represents the lower part of a syphon,
opening into an ash-pit beneath. The fuel
1s supplied from above, and the air admitted
on the top of the fuel by a smaller aperture
in the short leg of the syphon; by which
means the smoke is driven back through the
body of the fire, and becomes nearly con-
sumed : after which, the vitiated and hot air
passes upwards through the main flue pipe,
or laterally, if required for heating buildings
on the ground floor, and thence into one of
the chimney-flues of the building.

The principal flue pipe is surrounded by
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another flue, at an inch or. more. distant, for .
the purpose of allowmg a current of air to
flow between the two pipes; after which the
warm air.is thrown out into any apartment
where heat may be requisite, by means of
branch pipes. The interior pipe is furnished
with a grating to prevent thé escape of shav-
ings, or lighted paper from ascending through
the flue.

Perhaps, in point of economy, this arrange-
ment of Mr. Perkins 1s superior to all other
kinds of stoves; for all the heat produced is
rendered available, whilst nearly all the nui-
sance of smoke from ordinary stoves is avoided.
But as all the parts of this stove are con-
structed either of cast or plate iron, it must
have a great tendency to vitiate the air. for
the purposes of respiration ; and 1s, therefore,
not so well adapted for warming public or
private buildings, where a considerable num-
ber of persons reside, or assemble together
occasionally, as theatres, chapels, hospitals,
&c.



CHAPTER XX.

|

HEATING BUILDINGS BY STEAM.

Tur1s mode of warming apartments has not
been in actual use above thirty years; though -
more used at present in warming manufac-
tories and cotton mills, than any other mode.

Captain William Cook seems first to have
suggested the idea, in the Philosophical Trans-
actions for 1745 ; but as he gives no details
of the manner of putting it into practice, it
does not appear to have excited any attention
for 46 years, or until 1791.

Mr. Watt, indeed, had, in the winter, 1784
and 1785, attempted to heat his usual sitting
room by means of a tin plate box filled with
steam ; but the effect was much less than he
had calculated. Mr. Bolton had also made
a similar trial in a room in his manufactory
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at Soho, and had also heated a bath by
steam.

In 1791, however, Mr. Hoyle of Halifax
took out a patent for heating green-houses,
churches, &c. by an apparatus nearly similar
to that described by Captain Cook ; though
it does not appear that the patentee obtained
much benefit from his patent. But the first
practical application of steam to heat build-
ings, is certainly that employed at Mr. Lee’s
cotton mill at Manchester, about the end of
the year 1799 ; since which time, the use of
steam has been rapidly extended.

There are certain advantages peculiar to
the use of steam ; the principal of which is,
the facility by which it can be extended to
any number of rooms, although widely sepa-~
rated from each other.

The heat of steam-pipes does not alter the
constitution of the air like air-stoves; whilst
the air used for ventilation is that of the at-
mosphere on a level with the building. = But
in some kinds of air-stoves, the air is fre-
quently obliged to be drawn from below the
surface of the earth.

But these advantages of steam heat are

10
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attended with some disadvantages. When a
very considerable degree of ventilation is re-
quired, the consumption of steam becomes
great, and of course more expensive than
heated air. The regular supply of steam also
requires great attention. Therefore it is not
advisable to employ it on a small scale, where
it would not allow of a person being kept
almost entirely employed in its superintend-
ance. For warming hospitals, prisons, work-
houses, or other large public buildings, as
well as extensive hot-houses or conservatories,
it 1s not -only most salubrious, but also eco-
nomical. But it wll seldom be found ad-
visable to use steam in warming dwelling-
houses, unless the establishment of servants
is very numerous ;—for as the steam is to be
supplied by a large mass of boiling water, the
boiler in which this i1s to be heated of course
claims attention in the first instance.

The form of the boiler for furnishing steam
1s usually rectangular, the bottom curved with
the concave side next the fire ; sometimes the
sides are also curved, with the convex surface
n like manner turned to the internal part of
the boiler; the top is usually a half cylinder,
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from whence these boilers are called waggon-
shaped boilers. The peculiar advantages of
this form are, that the heat of the fire is ap-
plied in an equal manner; that the arched
form of the bottom supports the pressure of
the liquid better than a flat bottom ; and,
lastly, that the earthy deposit from the water
is thrown towards the sides, where the boiler
rests on the brickwork, and consequently
where the heat being less, there 8 less like-
lihood of forming a crust in the boiler.

Some persons give the preference to a cy-
lindrical form ; while others, considering that
it 1s difficult to empty a cyhndncal boiler on
account of the flatness of its bottom, and the
great lability to encrust the bottom, use a
spherical form for the boiler. In this latter
case due precaution must be taken, that no
part of the boiler which is exposed to the fire
be left uncovered with water, lest it should get
injured by the fire.

The form of the boiler appears, however, to
be a matter of little consideration, when com-
pared with that of its dimensions.

The expenments of Count Rumford, (essay
vi. chapter v.) are in favour of the boiler being
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us large as possible. For in order to keep
508 pounds of water boiling, the expenditure
of fuel by the hour was something short of
one-eighteenth part of the weight of the water ;
whereas, in a smaller boiler, holding only 284
pounds of water, the expenditure of fuel was
more than one-twelfth part of the weight of
the water.

Whatever size be adopted it is always pru-
dent to have two boilers placed close together,
that in case of accident, or of any repairs
being -wanted, the heating of the bulldmg
may not be suspended.

Mr. Buchanan, who grounds all his calcu-
lations respecting steam heat upon the space
that is to be warmed, gives as a rule, that for
every 2000 cubic feet of space, the boiler
should contain one cubic foot at least, when
a cotton mill or large edifice is to be warmed
by the surplus power of a steam engine; but
when boilers are used only for heating rooms
by steam, they ought to be considerably
larger, since it is by no means proper to work
a boiler to the utmost of its powers.

‘Respecting the material of which the boiler
should be made, and also its thickness—the
s
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chief consideration is its cheapness, and the
ease with which the water contained in it may
be made to feel the influence of the fire.

Copper and Iron are the substances usnally
emplayed. But the greater chespness of the
latter metal far overbalances its greater ten-
dency to burn out. Consequently iron boilers
are the most usually employed. The experi-
ments of Count Rumford and Professor Leslie
have shewn the decisive advantage of using
thin boilers. Wrought iron plates rivetied to-
gether are now universally preferred to cast
iron ; as boilers made of cast metal must of
necessity be made considerably thicker than
those of plate iron.

It is also necessary to make some provision
in a boiler adapted for heating buildings by
steam, (as well as in the larger class of steam
engines) to make it feed or supply itself with
‘water. :

There are two methods of effecting this
object, In the first method a pipe is laid
from a cistern, which eught to be placed so
that the surface of the water in the cistern
may be about, twe feet and an half shove the
surface of the water in the boiler, when filled
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to the proper height; for every pound of
pressure to the inch above the pressure of the
atmosphere ; which ought by no means to
exceed four pounds to the inch; as a greater
pressure will only occasion an increased risk
of explosion, expence, and waste of fuel. In-
deed, the most usual pressure is that used by
Messms. Boulton and Watt in their steam en~
gines, of two pounds and an half to the inch.

The pipe 18 to be conducted through an air-
tight opening in the top of the boiler, to near
the bottom of it, with the end slightly turn--
ing up to prevent steam from passing up the
pipe. A cock is soldered in that part of the
pipe outside the boiler, with two arms ex-
tended from it ; to one of these arms is fixed
an iron rod, which passes through an air-
tight stuffing box in the top of the boiler, and
has a float annexed to it: the other arm of the
cock has a weight suspended to it so as to
balance the weight of the float, and the fric-
tion of the stuffing box.

Now when the evaporation of the water
into steam lowers the surface of that in the
boiler, the float on its surface descends, and
this acting on the arm of the cock connected

s 2



260 HEATING BUILDINGS BY STEAM.

with it, the cock opens and allows water to-
flow from the cistern into the boiler, until the
float rising to the proper height, moves the
cock the contrary way, and thus shuts it.
The second mode of feeding differs only
from this by the substitution of a valve in the
pipe instead of a cock. In both cases it is
usual to add another pipe below the cock or
valve, and which rises just above the level of
the water in the cistern, where its end turns
downwards. The use of this pipe is two-fold,
for should a vacuum be formed in the boiler
by any sudden condensation of the steam, the
atmospheric air would enter by this pipe; or
if any stoppage takes place in the steam pipes,
then the pressure of the steam in the boiler
being of course increased, will cause the hot
water to be blown out through this pipe into
the cistern:' so that it acts also as a safety
pipe. . . :
At the first filling of the boiler, the cock or
- valve in the feeding pipe is kept open until the
water rises sufficiently high to support the
float, and allow it to act.
. As the immense strength of confined steam

obliges those who employ it to use every pre-
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caution against accidents, it i3 usual not to
trust entirely to the self-acting powers. of the
float, but to have two pipes passing horizon-
tally through the side of the boiler, the one a
little below the intended height of the water
standing in it, the other a little above it.
Both these pipes have a cock fixed ta them.
At the first filling of the boiler, the lower cack
18 left open until the  water begins to run out
at 1t, which shews the water to have attained
nearly the proper height. And it will be
proper, during the working of the boiler, ta
open these cocks frequently, to be certain that
the float and feeding apparatus is in proper
order ; for in this case the lower gauge cock
should give out water, and the upper cock
should give out steam.

Instead of these gauge pipes being placed
quite close together, the lower pipe sometimes
opens into the boiler at a lower level, some
inches below the intended height of “the
water, and instead of a cock to be opened
being fixed in each, their. outward ends are
connected by a glass tube, such asis used to
make barometers: and as the . water will
stand at the same height in this tube as in
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the boiler, the height will be immediately
visible.

This method of exhibiting the height of the
water in the boiler, may be turned occasion-
ally to advantage, by enabling the proprietor
to form a judgment of the relative value of
different substances used for fuel. For if the
self-action of the feeding apparatus is stopped
for an hour, and the depth of water evapo-
rated during that time be measured by ob-
serving the difference of the heights, as shewn
in this glass tube; this evaporation, compared
with the consumption of fuel, will afford the
relative value. of the fuel.

In respect to the depth of water that eught
to be kept constantly in the boiler, it de-
pends much on the use to which the steam
heatis to be applied. When the heat is only
wanted in the day-tume, and that perbaps but
for a few hours, no more water need be kept
in the boiler than is sufficient to prevent a
want of water, in case of the fire being acei-
dentally neglected. For if the boiler be filled
to & great depth, much fuel would be wasted
in heating the water to the boiling peint, and.
consequently it would be a long time before
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the steam would be sufficiently strong to fill
the pipes.

But when steam is applied to heat het--
houses or conservatories; in which it is ne-
cessary that the heat should be eontinued by.
night as well as by day, and constant attend-
ance cannot be given during the whole of the
night ; then a good depth of water should be -
kept in the boiler, that the great mass may
retain the heat, and keep the steam pipes full
n case of any neglect.

As too much precaution cannot be used
against accidents by explosion; the use of
stedm gauges and safety valves ought never to
be meglected.

The steam gauge is simply a bent iron pipe
communicating with the boiler, and open at
the upper end. A small quantity of quick-
silver is poured into the bend of the pipe, and
this by the power of the steam is forced up
the open leg of this inverted syphon. A float
with a deal rod marked with inches and parts,
which rests on the surface of the quicksilver
shews by its rise the power of the steam. :

‘On account .of the great specific gravity
of mercury, = 13.6 to 1 (water), each inch of.
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elevation corresponds with a pressure of ggths’
of a pound to the inch; or 2 inches gths of’
the gauge equals the pressure of a pound to
the inch of the valve. Hence the inspection
of this gauge shews at all times the strength-
of the steam, and if no more quicksilver is
poured into the bend than would suffice to
exhibit by its rise the intended pressure at
which the steam 1s to be worked, then the
blowing out of the quicksilver will shew that
the intended pressure is exceeded and the pipe
will come in aid of the other apparatus, by
which the safety of the boiler is secured.

The valves (to which the specific appella~
tion of safety valves are applied) are of two-
sorts, namely, those intended to prevent the
explosion of  the boiler or pipes through
any accidental stoppage of the free passage
of the steam, and those intended to pre-
vent the collapsing of the sides of the boiler
or pipes, in case of sudden condensation of
the steam. '

The safety valve against explosion is merely’
a cylindrical cast iron box, containing a valve
resting on a seat which is generally made co-
nical. The valve is loaded in proportion to-
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the size of the hole and the pressure at whlch
the steam is to be worked. ‘

The safety valve agamst collapse is merely
a circular hole made in any convenient part
of the top of the boiler, which is stopped in~
wardly by a valve, balanced against the hole,
by a weight at the end of a lever. Hence if
any sudden condensation of steam takes place,
the pressure of the atmosphere on the hole
forces down the valve, and admits the en-
trance of the air to supply the place of the
steam. In large boilers it is necessary to have
a hole of sufficient size to admit the occasional
entrance of a workman into their interior.
This man-hole as it is termed is closed by a
plate of metal, screwed down to the boiler;
the hole being only opened when it is neces-
sary to examine or clean the boiler.

Mr. Tredgold, who has bestowed much at-
tention on the tenacity of metals, has, with
the usual partiality that most men betray for
a favourite object, proposed not only to use
this tenacity as a steam gauge; but also on
the same principle to convert the man-hole of
a boiler into a safety valve.

This object he would effect by causing the
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cover to be pressed down upon the man-hole
by a cast iron bar, wedged in two standard
loops on the opening, and acting on & fulcrum
placed in the center of the cover. The size
of the bar to be so adjusted as to break when-~
ever the pressure of the steam exceeded the
intended force. His rule for this adjustment
in the case of the man-hole being circular is,
that the cube root of the intended pressure of
steam calculated by pounds on the inch, being
multiplied by the 84th part of the inches of
the diameter, will give the side of a square bar
in inches.

When the number of contrivances to pre-
vent explosion already enumerated are consi-
dered, namely, the additional pipe to the
feeding apparatus, the steam gauge, and the
proper safety valve, it does not seem necessary
to have recourse to this mode of fitting up the
man-hole, more especially in boilers which are
used only to furnish steam for warming rooms,
as the passage to the pipes ought never to be
entirely stopped.

There is, however, a different sort of safety -
apparatus that remains to be noticed, to guard
against danger of another kind, that of burn- _
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ing the bottom of the boiler from a want of
water, in consequence of some defective action
of the feeding apparatus.

_For this purpose a pipe is affixed to the
boiler of about two inches and an half in dia-
meter, open at both ends, and of sufficient
length to reach from below the proper level
of the water in the boiler to a height above it
equal to rather more than equivalent to the
intended pressure at which the steam is to be
distributed, according to the proportion of 2
feet Gths in height for each pound of pressure
to the inch. The upper end of the pipe is
made like that of an organ pipe, or else it
opens into a hollow globe. Should any acci-
dent prevent the due action of the feeding
apparatus, and the water by evaporation be
wasted below its proper level ; as soon as it
fall down below the lower orifice of this alarm
pipe, the steam would rush through the pipe
and from the conformation of its upper extre-
mity make a noise that would alarm the neigh-
bourhood, and the want of water could not
escape notice, and full time would be allowed.
to remedy 1t before there would be any dan-

ger of the bottom of the boiler being injured.
12 '



CHAPTER XXI.

SUSPENSION OF STEAM BOILERS, &ec.

Tue suspension of the boiler, and construc-
tion of the fire-room, i1s the next considera-~
tion; and- on this point various plans have
been followed by different engineers.

In fixing the ordinary boilers the grate is
- placed about fifteen inches below the bottom,
in order to allow sufficient space for the depth
of fuel. The area must be proportioned to
the quantity of fuel intended to be burnt in
every hour. For Newcastle coal to burn a
bushel by the hour, the grate it is caléulated
should have 8 square feet of surface; and so in
proportion for the consumption of more or less
fuel.

The grate is best formed of loose bars rest-
'ing on cross bearing bars of sufficient strength,
in order that they may be easily taken out,
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and renewed when necessary. The bars should
be from one inch to an inch and a half thick,,
and from 2 to 3 inches deep, according to the.
size of the grate; and made rather narrower
at bottom than at top.

It 1s advisable to have two small fire-
chambers in preference to one large one for
heating boilers of any magnitude. It not
only disperses the heat more uniformly over
the bottom of the boiler, but it prevents the
coal from being vitrified by the intense heat
which is often produced in large furnaces,.
where there is a powerful draught. The vi-
trification of the coke is productive both of
waste of fuel and additional trouble, with a
certain loss of heat in raking out these clinkers
as they become attached to the fire-bars. Too
high a degree of heat is also very destructive
to the bars ; which ought never to be higher
than a full red or low red heat. At a white
heat the iron and coal manifests a strong ten-
dency to unite, and form the slag, clinker, or
carburet of iron.

Many different statements have been made
of the quantity of coal necessary to feed the
fire. Mr. Buchanan, in his Treatise on the
Economy of Fuel, adopts the rule of Messrs.
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Boulton and Watt, and considers 14 pounds
of Newcastle coal by the hour necessary for
every 25 cubic feet of the content of the
boiler; with the reservation that in general a
large allowance ought to be made for defects
in the furnace, and the inattention of servants.

Mr. Tredgold, in his Principles, envelopes
his rules in abstruse combinations, although
after all, they afford only rough estimates. As
the different qualities of coal, slight variations
in hanging the boiler, or in the height and
area of the chimney, and different degrees
of care and attention on the part of the
stokers, will produce very great variations in
the quantity of fuel consumed.

With regard to the quantity of surface of
east iron pipe necessary to heat a given area,
Mr. Tredgold gives us the following  esti~
mate :—if the constant number 3160 be di~
. vided by the difference between the tempera~
ture, T, of the surface of the steam pipe, and
the intended temperature, ¢, of the room ; the
quotient will givethe surface, s, of steam pipe
that will be required ; allowing the quantity
of fuel per hour that would bring a cubic foot
of water at the mean temperature, to the boil-
g point. Now this effect is producible by 1
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pound #ths of Newcastle coal ; consequently
each bushel, or 84 pounds of coal will supply
heat to 70 times this surface ; on the supposi-
tion that the condensed water 1s returned into
the beiler. But if the disposition of the steam
pipes is such, that the water is not returned
mnto the boiler, then about one twelfth part of
the heat will be lost. -

.. Notwithstanding the apparent accuracy of
these calculations, there still remains an in-
defimte allowance of fuel to be made for loss
of heat at the boiler, which, in small boilers,
18 very considerable.

It i3 most usual to make the heated air and
smoke pass round the bottom of the boiler in
a small channel for that purpose, and in some
cases this channel passes through. the boiler,
and from thence into the chimney : but this
eenstruetion is by no means so advantageous
as it is usually supposed for the veloeity ac-
quired by narrowing the passages, only tends
to prevent the heated air and vapours from
parting freely with their heat.

- It is always advisable to place a damper at
the chimney-vent, to meve either horizontally
or vertically. This damper should, in all
casgs, have marks, that the stoker may be
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enabled to judge of the opening into the ﬂue
of the chimney.
To explain this important subject Stl]l
further, some examples, extracted from the
works and patents of those who have studied
the subject with the greatest attention, are
here added, and illustr’ated with the follow-
ing engravings. '
~ TheXIVth Plate exhibits the manner adopt-
ed by Count Rumford, for setting boilers. The
particular purpose for which this boiler was
intended, was the process of brewing ; but the
principle being simply that of boiling a large
quantity of water in' a short time, the mode
of setting is equally applicable to boilers in-
tended to produce steam for heating buildings.
. The ash-room is small, as shewn at a, fig.
1,and a, 5; it is capable of being closed with
an iron door, furnished with a circular regis-
ter, (‘see fig. 6), to regulate the admission' of
air to the fire. The upper part of the ash-
room has a contraction just under the grate,
which Count Rumford conceived had a con-
siderable effect in augmenting the heat of the
fire. The fire-bed is formed of a concave
porcelain basin pierced with holes, in order to
sustain the heat more “effectually than iron
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bars.  The fire-room 'is large, and  the back,
as may be seen in fig. 1, slopes gradually from
the grate to near the back of the boiler ; but
the sides are carried up almost vertical, as
shewn in fig. 5, to allow room for the side
flues under the bottom of the boiler. .The
feeding-hole is a little above the grate, and
has a short dead plate, slightly sloping to-
wards the back. It is closed by two doors,
one within the other, as shewn infig. 1. The
brickwork on each side of the ash and fire-
rooms; fig, 5, b, b, is worked hollow ; as is
also the back of the furnace, behind the ash
and fire-rooms, as shewn in fig. 1, . These
hollow spaces are economical, and they add to
the durability of the furnace by preventing its
unequal expansion..

The flues proceedmg from the ﬁre-cham-
ber are represented in the horizontal section
fig. 3; being divided to the right and left by
the middle. partition b, at the back, and hav-
ing reached the front of the boiler again, carry
off; the smoke and hot air at the back by the
flues ¢, c.. Fig. 4 is another modification of
the flues at the back of the boiler, in order
to retard the escape of the smoke and hot air

T
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1ill it should give out all its available heat ; but
Count Rumford found the more simple ar-
rangement of fig. 3 the most advantageous
in practice.  Fig. 2 13 a half section of fig. 4»,
shewn vertically.

‘The. boiler erected at Munich by Count
Rumford was 11 feet 6 inches long, 9 feet 7
inches § wide, and 2 feet deep. The middle
flue over the fire was 44 inches wide, one side
flue 20, and the other 19 inches wide; all
were 14 inches } deep; the narrow channels
to carry the heated air to the chimney were
7 inches wide, and 16 deep; the circuit of
the flame and air under the bottom of .the
boiler, was, of course, about 30 feet, befone it
passed into the chimney.

In the original construction, with the sule
flue round the edge of the bottom, 1204 wine
gallons of water (being. the first marning boil)
was_heated in four hours four minutes, with
the consumption of 575 Bavarian pounds of
dried pine-wood. The boiler being then
emptied, and filled again with water, the
second boiling required two hours and twenty-
six minutes, and consumed 550 pounds of
wood ; the third boiling was of 1685 wine
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gallons of water ; it took three hours seven
minhates, and consumed 650 pounds of wood.
- In the gltered manner, without the circus
lation of the heated air; &ec. round the edge
of the boiler, 1685 wine gallons of water were
boiled in two hours fifty-ninie minutes.

The figures in Plate XV. exhibit another
mode of setting boilers. The ash-room exs
ponds from the bottom upwards towards the
fire-bats ; after which the fire-room contracts;
as shewn in the side and front sections a, &,
figares 1 and 2. It is supposed that this
figure ¢oncentrates the heat more effoctually
towards the middle flue, a, fig. 3, under the
bottom of the beiler, afid thus increases its
mtensity. But it will obviously tend -to de-
stroy that part of the bottom faster than the
divisionts resting on the side flues, The most
economical arrangement i doubtless that
which disperses the heat most uniformly over
the whole surface of the boiler. In this ar-
rangement the ash and fire-room project for-
ward & little from the front of the boiler, in
otder to allow the eoal to be introduced by
means of a hopper, c, fig. 1, or b, fig. S.

-+ This hopper is formed of cast-iron ; its bot-
T 2
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tom turns on hinges in the front, and may be

moved by means of a lever attached to it : the’
top-1s also furnished with-a lid moving on

hinges in the back. ‘When coal is to be-added,

the lid is turned up, and the fuel put in, the

bottom being kept in its place, either by a.
counter weight at the end of the lever, or by

some other contrivance. The lid is then shut

down to prevent the entrance of air with the

coal, and the bottom is opened, that the coal

may fall on the dead plate before the fire.” By

this. means the gases yielded by the raw-coal

are burned and converted into flame in their

passage through the already ignited coal, and -
with a view of securing this, the lid of the

hopper may be kept raised a little, as expe-

rience may point out, to supply a-small cur-

rent-of air to maintain this combustion.  The

stoking-door d, fig. 1, is opened before each

fresh charge of coal, to push the coal on. the

dead plate upon the grate, and thus make
room for the new charge.

The disposition of the flues under the’ bot-
tom of the boiler, as exhibited in fig. 3, are
exactly similar to those already -described.
These flues terminate in the back-of the fur-
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nace, at.c, ﬁg 3, from whence the heated :air
and smoke is carried ‘to the chimney.

‘The unequal expansion of the masonry is
guarded against, partly by the empty spaces,
a and b, fig. 4, left on the sides of the fire-
room, and partly by the hollow arch, f, fig. 1,
left behind the fire-room. A space is also left
between the lower part of the boiler, and the
wall to keep in the heat.

The fifth and sixth figures of the same plate
are to shew the form of a boiler devised by
Mr. Curaudau, for the purpose of concen-
trating the force of the fire to a single spot in
the center of the bottom of the boiler, and
forming this bottom concave, to the end that
the retardation given to the current of heated
air, by obliging 1t to descend, may cause it to
give out more of its heat to the boiler than if
it were rapidly circulated horizontally under
the bottom.

The ash-room and grating are on the com-
mon caonstruction ; the latter is placed under
the center of the boiler, and therefore a re-
cess is made in the wall that the stoker may
get to the fire. The sides of the fire-room
are made to converge as they ascend, so that
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the flame and air passes throngh ‘a narrew
throat into the space left under the lower part
of the boiler; from whengeit is carred off by
the chimney. _

This form of the bottom of the boiler has a
considerable advantage in vespect to the saving
of fuel; but its construotion is attended with
some difficulty, and the whole foree of the fire
being directed to a single point, this part is
apt to get burned, and want repairs.



CHAPTER XXIL

CONSTRUCTION OF FURNACES.

Ficures 1 and 2, Plate XVI. represents
another mode of constructing furnaces, so as
to make the fuel give out the greater patt
of ‘its heat to the bottom and body of the
boiler. A fire brick ot tile, a, extends across
the bottom of the boiler about midway of the
depth of the fire-room, and the back of the
fire-bars have also a projecting edge, b, in
order to deflect the current of the flame to the
bottom of the boiler ; after which it passes éi
to the back of the boiler, and enters two tron
flues which pass through the boilet, as shewn
at a, a, fig. 2; from whence it again réturns
through the side flues b, b, into the chmmey-
ftue ¢, shewn in fig. 1
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This plan of extending the length of the
flues as much as possible, in immediate con-
tact with both the exterior and interior of the
boiler has been adopted by Mr. James Neville
in his recent patent for an improved steam en-
gine and furnace. The steam engine (though
the most economical and simple in its ope-
ration which we have hitherto seen) is not
within the province of our subject to describe.
The mode of economising fuel and consuming
the smoke 1s however at once simple and
effective.

. The fire-room, which extends the whole
breadth of the bottom of the boiler, is divided
in the middle by a partition of fire-brick from
front to back, with the exception of a small
passage or communication near the back,
which may be closed at pleasure by a
damper. The double fire-chamber has two
separate doors for the reception of fuel in the
usual way; and a common draught or ash-
hole beneath; with additional draught-holes
in front, if necessary, in order to increase the'
current of air. ~

- Supposing the fire to be hghted in each

compartment of the fire-room, and fresh coals
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are thrown on the right-hand fire; the pas-
sage on that side into the main chimney-
flues being closed by a damper, the smoke is
obliged to pass over the whole surface of the
live coal in the left chamber, by which means,
nearly, if not the whole of the visible part of
the smoke is consumed. On charging the
left hand fire-place with fuel, the reverse
opening and closing of the dampers 1s, of
course, required.

~ The consumption of the smoke in this man-
ner not only obviates the nuisance to the
neighbourhood from the disengagement of
dense smoke, but it enables the flues to be
extended to a greater length in contact with
the boiler, in consequence of their being less’
liable to be choaked up with soot.

Another arrangement, and perhaps the best
(in all respects) which has been devised for.
consuming the smoke in steam boiler furnaces,
is that of Mr. Geo. Chapman of Whitby; an.
account of which is given in the last volume of
the Transactions of the Society of Arts, &c.
from whence the following account is an ab-
stract in Mr. Chapman’s own words.

“ To heat the air before its admission into.
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the furnace. This I do by casting the grate-
bars hollow from end to end, so that they:
form a series of parallel tubes, which open
mto two boxes, one placed in front, and the
other behind the grate. In the front box,
directly underneath the fire-door, I. make a
register to open and shut, to any extent, at
pleasure. The other end I connect with the
brick work directly under the fire-bridge,-
which fire-bridge I make double, with a small
mterval between, say one inch ; the interval
to go across the furnace from side to side, and
rather to incline forward, or towards the fire-
door, se as to meet and reverberate the smoke
on to the ignited fuel in the grate, which causes
it to inflame and become a sheet of bright five
under the bottom of the boiler.

“ From what I have said it will appear, that
if the front register is open, or partially so,
there will be a great draught of air through it,
along the interior of the grate-bars, thence
into the flue of the fire-bridge, and out of the
onifice at top, which air will be heated in its
passage through the bars, before it comes in
contact with the smoke, when it will glve out
its oxygen, and cause it to inflame.



" 'CONSTRUCTION OF FURNACES. 283

“ Such was my view of this part of the
subject in theory, and I have found it to suc-
ceed in practice, in a small engine of my own,
But a further improvement was necessary to
make it quite perfect. There are few people
who are aware of the extent of the mischief
arsing from the old method of charging a
grate by the front door. Now, in my engine,
(which is only two-horse power), I calculated
that every time the fire-door was opened to
stir the fire and replenish the fuel, there could
not be less than from forty-five to fifty cubic
feet of cold atmospherical air admitted into
the furnace, which so cooled the heated gases,
&ec. that, however complete the plan was in
other respects, the smoke could not possibly
inflame, from being so coaled, till & consider-
able time after the fire-door was shut.

% To obviate this I have adopted a cast-iron
hopper above the fire-door, with a type at the
bottom that has two pivets at one side and
opens at the other; one pivot goes through
the end of the hopper, and has a counter lever
to keep the type shut when a sufficient quan-
tity of coal for a charge is on it.. The top of
the hopper 1 covered with a hd which I shut

11
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down durmg the time of firing, then, by kifting
the lever which opens the type inside, the
coals slide down on to the fore end of the
grate bars, which is only the work of a mo-
ment. It is evident that no quantity of cold
air can thus get into the furnace; in fact, it
1s not possible for any person that does not
see the operation of firing, to know when fresh
fuel i1s added by looking at the top of the
chimney. The smoke that issues is never more
than a light grey, just perceptible, but in a
general way, is not seen at all. )

“ The coals last admitted, after lying a
short time at the front of the more ignited
fuel, become partially coked, and just before
I admit a fresh supply, I push the last charge
further along the grate, by a tool made for
the purpose, which remains constantly in the
furnace. It consists of a plate of iron about
four inches broad ; its length goes across the
 grate with a round bar of iron rivetted into its
centre, at right angles, to form a handle,
which comes through a hole made in the bot-
tom of the fire-door, and is long enough for a
man to use with both hands, so that he can
either push from, or pull towards him, to
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manage the fire within, without opening the
fire-door, except when the grate wants clean-
ing, &c. &c. For better knowing when the
fire wants stirring, or replenishing, I have a
hole, about an inch in diameter, in the fire-
door, to look through, covered by a piece of
iron which hangs by a rivet above.

s After I have used the above instrument,
I pull it up close to the fire-door, where it re-
mains till it 1s again wanted; and the coals,
when let into the fire, fall down beyond it.

% The  above-written account constitutes
the whole of my improvements as far as is
required by the Society, but not the whole
of the advantages gained by my invention.
For instance, the durability of the grate-bars
by the admission of air through them. Imay
add, that I examined my own yesterday, and
I do not find them any worse, although they
have been in use four months. In conclusion,
I beg leave to refer you to the accompanying
certificates by gentlemen who have had an
opportunity of personally viewing my improve-
ment, and who, I flatter myself are all people
of the first respectability.”

The latter part of Mr. Chapman’s inven-

\
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tion, respecting the hopper and mode of sup«
plying fuel, the reader will perceive 1s only a
slight modification of the methods previously
in use; and shewn in Plate XV. But the
mode of supplying a current of hot air by
means of the hollow bars and boxes 1s. very
mgemous, and no doubt, more effective m
de-carbonising or consuming the smoke, than
any other plan which has been hitherto pro-
posed. .

Mr. Chapman truly remarks, that it is the
reduction of temperature which principally
occasions the evolution of a dense smoke, on
charging a botler fire with fresh coals, in the
ordinary way. Could the charge of coals be
heated in a confined chamber or hopper to a
temperature of about 600°, previous to their
being thrown on the fire, perhaps the escape
of smoke would be nearly if not quite invi-
sible from the chimney-flues, whilst another
advantage results in point of economy, from
the arrangement of Mr. Chapman—that of
preventing the reduction of temperature be-
neath the boiler ; and consequently keeplng
up the constant production of steam.

: Plate XVL fig. 3, delineates the section of
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@ furnace which varies in some degree from
the before mentioned, The coal is intro-
duced by a hopper over the front of the fire,
through a grating which prevents.the pas-
sage of large coal. The air is admitted to
the fire, not through an ash-room and grate,
but through curved bars in the front of  the
fire, the same as in an ordinary stove grate.
The burning coal is pushed backward by the
stoker along a brick hearth under the bottom
of the boiler, until its combustible matter
being exhausted, the coal reduced to cinders
falls into a pit in the ‘back of the furnace, from
whence they are taken out by a side door, not
seen 1n the section.

The air that has passed through the burn-
tng coal is conducted by a flue in the back of
the furnace into another which passes length+
wise from the back to the front of the boiler,
a, a, as in the figures 1 and 2.

Fig. 4, Plate XVI, is another variety in the
common mode of setting boilers. The grate
is level, and brought. forward to the front of
the boiler. A bridge at a, fig. 4, admits the
passage of the flame, smoke and heated air
into the flue, while another bridge, b, forces
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the flame, &c. to turn downwards, for a- few
inches and then to rise up and pass along the
bottom of the boiler, to the back, where the
flue ascends' and is continued horizontally
round the boiler to the back again, and from
thence into the flue of the chimney.

At the commencement of the smoke-flue,
~ that is to say where the two bridges obliges
the smoke, &c. to turn down, openings are
made in the back wall of the ash-room, and
fire-room to admit a supply of air to the
heated vapours, and finish the combustion of
whatever matters might be carried off un-
burnt, for want of a sufficient supply of air.

The outer flue, c, is only necessary when a
boiler is made to evaporate brine, sugar, or
other liquids for preparing them for crystalli-
zation. In this case a wide steam-pipe from
the back of the boiler is placed between the
boiler and a flue of this kind, and an opéning
being left in the front part of the boiler, then
the fire being lighted, and the brine or other
liquid brought to boil, a current of air will
pass along the surface of the liquid in’ the
boiler, and pass down this flue and along the -
bottom of the furnace to ‘the ash-pit, and '
carry the steam along with it.
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This current of air not only promotes the
evaporation, but it also carries off the steam
and passes it through the fire and up the
chimney into the open atmosphere.

An ingenious method of condensing the
greater part of the smoke or noxious vapour
from furnaces has been recently proposed by
Mr. Jeffery of Bristol ; and, in the process of
smelting ores, or in metallic furnaces, it is
likely to prove a valuable improvement.

The flue which proceeds immediately from
the fire-chamber ascends to a certain height
in a vertical direction, and then passes hori-
zontally a short distance, when it is made to
descend nearly parallel with the ascending
branch, and having its extremity opening near
the surface of the ground.

Over the top of the descending flue a cis-
tern of water 1s fixed, the bottom of which
is_perforated with holes, by which means a
shower of water may be kept running at plea-
sure, while the furnace is in operation. This
shower of water not only condenses the
greater part of the smoke and noxious va-
pours, which are carried off in the form of
black water, at the lower end of the flue ; but

U
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the passage of the water also serves to increase
the draught of the chimney in a very consider-
able degree.

Mr. Watt, in 1785, took out a patent for
the constraction of furnaces which are some-
what different from any of those delineated
in the preceding plates, the principal draught
through the fire being from above.

The front and side section of Mr. Watt’s
furnace is shewn in figures 1 and 2, Plate
XVIL. The ash-hole, a, is only for the pur-
pose of drawing out the ashes, it is made
much smaller than usual, and s kept closely
stopped, to prevent any false draught of air
through it.

Instead of a grate, an arch of fire-brick is
thrown across the furnace at b, just over the
ash-hole door, to support the coal: this arch
goes only so far into the ash-room as a little
beyond the back wall of the hepper, from the
back of which another arch, d, is thrown
across the back of the fire-room, and a large
portion of the ash-room.

On a level with the top of the arch thrown
across the ash-room door, there are two nar-
row slits, b, b, fig. 4, left;in the front wall.
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The use of these openings is to admit a slight
current of air horizontally into the mass. of -
burning fuel, for the pyrpose of consuming
the smoke. 4

The mouth of the hopper-shaped fire-room
which contains the coal is shewn at c, fig. 1,
a transverse section of it in fig. 2, and a hori-
zontal section in fig. 3. Even with the mouth
of the hopper, anpother small opening is made
in the front of the furnace, the front view of
which appears at c, in fig. 2. This opeping
i3 for the same purpose of admitting a further
current of fresh air, to strike against the flame
as it passes over the bridge, and proceeds
under the bottom of the boiler from a flue,
which carrjes it round the lower part of the
boiler, and from thence into the chlmney

The same inyentor describes, in his patent,
another furnace, delineated in the fifth figure
of the same plate. This furnace has two fire-
places, one behind the other, the backs of
which open one into the other. Both the
furnaces are of the common construction, and
differ only in thejr size. The frontand largest
sized fire-place, a. fig. 5, has its grate nearly
under the center of the boiler.

U 2
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- The small fire-place behind, b, is to make a
fire of cinders or coke, for the purpose of
burning the smoke of the larger fire of the
front grate, as it passes over this clear fire,
which being but thinly spread with fuel allows
the passage of more air than is necessary for
its combustion.

As the smoke heated air and steam formed
from the combustion of the hydrogen in the
fuel, ought not to be suffered to escape from
the boiler at a less temperature than that of
boﬁmg water, the heat thus carmed off is
sometimes applied to use, before they-are suf-
fered to enter the flue of the chimney.

For this purpose some have made the com-
munication between the furnace of the boiler
and' the chimney, by an iron pipe carried
through a cistern of water ; by this means the
water was not only warmed but the quantity
of smoke reduced ; and the warm water used
to feed the boiler.

The principal desideratum in hangmg
boilers where steady heat of no great intensity
1s wanted, 1s to give a proper proportion to the
area of the flue and height of the chimney.
The usual practice has been to build the chim-
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ney-as high as circumstances: would allow;
yet unless this-is accompanied with a certain
area of the flue, the height may be preJudl-
cial.

Dr. Macquer first observed this in his ex-
penments upon the fusion of certain stones, as
related in the Memoires de I’ Academie Royale
des Sciences for 1767. Since which period
a great variety of experiments have been
made by practical men for the purpose of
arriving at some certain data in building
furnaces. It appears, however, that every
rule of this nature must have reference to
the immediate object of the manufacture, or
the heat required. Thus, although the air-
furnaces of founderies or glass-houses re-
quire chimneys of great algitude; yet in
cases where a moderate degree of heat is
employed, the chnmney should not be too
high.

The Scottish distillers availed themselves
of the most scientific principles in construct-
ing their furnaces a few years since, so as
to make the whole of the heat given out by
the fuel applicable to the process of distilla-
tion, and consequently to work off their stills

-~
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with greater rapidity. And to such perfec-
tion had they arrived, as to work off an 80
gallon still, and re-charge it with wash, in the
short space of three minutes.
.. The fire-places of these stills were 15 1nches
deep, the fuel large flaming coal ; the grates
4 feet 3 inches from front to back, and 3 feet
6 inches, or 4 feet wide. The flue of the
chimney was always four feet square. The
chimney was built 60 feet high, composed of
two walls, placed at three inches distance,
but tied together, at certain distances, by
long fire-bricks: the inner wall was 9 inches,
the outer wall 18 inches thick at bottom,
narrowing gradually to 9 inches at top. When
the chimneys were built only 36 or 40 feet
high, the draught was not sufficient, and
when more than 60 feet, it was too strong,
and the bottom of the still was injured.
When the chimneys were built solid, they
were apt to give way from their unequal ex-
pansion.

From these proportions for distillery-fur-
naces, it will be easy for any intelligent work-
man to calculate any other proportion for
obtaining a given heat for other operations.

\ .
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If the chimney be too high, more air will pass
through the fire than is necessary, in order to
consume the fuel; while a chimney too short
will not have sufficient draught for a large
fire-room.



CHAPTER ’XXIIL

|

OF STEAM APPARATUS.

IN order to apply steam thus produced, for
heating buildings, it must be conducted to
the various parts of the building, by pipes
properly disposed.

These pipes are usually made of cast iron,
about three inches in diameter, and as thin as
they can be formed, which is rather less than
three-eighths of an inch.

In some cases, asin laundries, copper pipes
are preferable, as iron pipes would injure the
linen.

Pipes of tinned iron plate are also occa-
sionally used. But although cheap in the first
instance, they are far less durable, and (un-
less painted black) give out very little heat
in proportion to their surface.
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Lead pipes are totally unfit for conveying
steam, as its heat expands them so much, that
they lose the power of retraction; and by
frequent repetition of heat, they at length
open in cracks.

The quantity of surface of pipe necessary to
heat rooms, depends altogether on the nature

“of the building, the degree of ventilation re-
quired, and the temperature at which the
rooms are to be kept.

In cotton mills, according to Mr. Bucha-
nan, the space heated by each square foot of
surface, varies from 170 cubic feet to 200 ;
while a small chapel was made comfortably
warm by only a square foot of pipe to each
400 cubic feet of area.

In these calculations the steam was of the
strength usually employed by Messrs. Boul-
ton and Watt; that is to say, with the safety
valve on the boiler loaded about two pounds
and an half to the square inch.

Mr. Tredgold’s mode of calculating the
quantity of steam pipe necessary, has been
already given.

The direction in which the pipes are placed
is also of considerable importance, and ought
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to be perfectly independent of the building
they are intended to heat. Some persons
have endeavoured to make the vertical pipes
serve as supports to the floors ; but this is by
no means advisable, as their alternate expan-
sion and contraction by heat soon destroys
the connection of the floors with the walls,
and renders the building insecure.

In general a pipe reaches vertically from
the boiler to the top of the building, having
horizontal branches for each floor, with cocks
to each, so that as many of the floors as are
desired may be heated, without expending
steam where 1t is not wanted. The air con-
tained in the pipes, before the steam is let in,
is allowed to escape by openings with cocks
at the ends of the horizontal branches; and
the steam condensed in them is conveyed by
small pipes connected with their respective
ends back to the boiler.

Sometimes, (as in Mr. Houldsworth’s cotton
mill) the main pipe proceeds vertically to the
upper floor of the building, then horizontally
along that floor to the further end, whence it
descends to the next floor, along which it
proceeds horizontally, and thus successively,
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until it reaches the lower floor and boiler
again. In this mode, all the floors must be
similarly heated ; but should any. accident
happen to the pipes, the heating of the whole
must be stopped, until the repairs are finished.
—In heating churches, the pipes are usually
carried round the walls, under the seats. -

Whatever method is used, a cock should
be inserted at the joining of the main pipe
with the boiler; and in general the ends of
the pipes should have small openings or cocks
not shutting close, to allow some steam to
escape, as well to prevent the return of air
into the pipes, as to shew that the steam fills
the whole length of the pipes.

When it requires several pipes to produce
the necessary quantity of surface, they should
each be furnished with cocks, that they may
be filled separately with steam; and thus the
quantity of heating surface may be augmented
or diminished at pleasure.

Many methods have been used to join the
several lengths of steam pipes, according to
the situation in which the pipes are placed,
which are shewn in the XVIIIth Plate. It
is in all cases necessary that the joints should



800 HEATING BUILDINGS BY STEAM.

be held togéther with some force, otherwise
the alternate expansion and contraction will
soon render them incapable of conﬁning
steam.

The most simple jomnt for horizontal plpes
is that called the spigot and fosset joint,
shewn in the four first figures of Plate XVIII.
In this mode of joining, the spigot or end of
one pipe is merely received into the larger
end of the other pipe, and the space (which
ought to be as small as possible) is filled up
with iron cement—Which is formed by a com-
position of 40 pounds of iron borings, beat up
with one pound of sal-ammoniac and half a
pound of sulphur.

If much inequality of expansion is expected
the joint may be stuffed with hemp, wool, or
cotton, mixed with stiff white lead paint,
ground with a little red lead to harden it.
Pipes joined in this manner sometimes break
in the fosset, from the greater expansion of
the spigot. ,

Pipes cast of an uniform diameter through-
out their whole length, are connected by the
common thimble joint, as exhibited in fig. 5,
6, and 7. The thimble, which is a short
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cylinder of cast iron, being previously drawn
over one of the pipes, their ends are brought
together, and the thimble drawn over the
joint, which s secured as before.

Sometimes the thimble is composed of two
half cylinders, and secured by a hoop or two
of wrought iron round it, the ends of which
are rivetted together, as shewn at fig. 8, This
18 principally used when the fosset of a joint
has cracked, and it 1s necessary to repair the
joint. But more usually the two pieces of
the thimble are made as in fig. 9 and 10, with
holes to receive screws with nuts, by whlch
they may be fastened together

The ends of plain pipes might be placed
‘home against the edge of a ring, turned up
externally on each side, to receive the pipe,
and leave only a small vacancy for cement, as
in fig. 11 and 12; but this joint is mamfestly
inferior to any other method.

The ends of the pipes are sometimes cast
as shewn in fig. 13, so that when the ends are
brought together, the joint is made good by
a wrought iron hoop, which is screwed or
rivetted together. ('See fig. 14 and 15.)

.But the strongest and best joint is that in
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which the pipes are cast with flanches at their
_ends, having holes in them for screws, which,
by their nuts, bring the flanches together: a
piece of flannel or mill-board dipped in white
lead paint being previously placed between
the flanches. The figures 18, 19, and 20,
represent these flanche joints, which should
always be preferred for horizontal pipes.

The joints of vertical pipes are kept tight
by the weight of the pipe, and they have
usually only a small shoulder at the upper
end in which the lower end of the upper pipe
Tests, as in ﬁg 16. Sometimes the shoulder
1s made, as in ﬁg 17 , ONn the inside of the
lower pipe.

The small wrought iron pipes used for
communication, are joined by what is called
the union joint; which is a kind of thimble
which screws over the joint, as is represented
in fig: 21, 22, and 23.

For bends or angles in the direction of the
pipes, the pipes are cast accordingly, as shewn
in fig. 24 and 28 : the joints there represented
are common spigot and fosset joints ; but any
others might be used.

When a branch is wanted to be given -off

12
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from any pipe, a hole of sufficient size may
be cut, the branch pipe added, and the joint
secured by what is called the saddle joint,
- shewn in fig. 25, 26, and 27. The end of the
branch is made to fit half round the main pipe,
the piece called the saddle fits the other half,
and the whole is connected together by two
wrought iron hoops, as in the hoop joint.

When steam is to be conveyed to a dis-
tance, the greatest care is required to prevent
its heat from being lost during its passage.
For this purpose the steam pipes must be
inclosed in other pipes, or in wooden cases,
which may be filled either with chaff, ashes,
or any similar matter. These pipes should
allow about three inches thickness of the
lining all round the steam pipe; and if con-
veyed under ground, as is becoming common
in gardens, they should be farther enclosed in
drains, in order to keep them dry.

A cheap mode of confining the heat as the
pipes pass through places not wanted to be
heated, 1s to wrap straw ropes round them
to a considerable thickness, and covering it
with a coating of mortar.

It is in all cases advisable to return the
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water condensed in the steam pipes to the
boiler, by a small pipe, proceeding from the
ends of the horizontal branches to the cistern
of the boiler, the branches having a gentle
slope given them, to facilitate the passage of
the water; although, in general, the steam
will drive the water before it, unless the dia-
meter of the pipe is very great.

Various methods are used to close the ends
of the steam pipes, yet permit the passage of
the air, and the water of condensation.

The original and most usual termination of
the branch steam pipes is shewn in Plate XIX,
fig. 8, where a is the end of the steam pipe,
b, a small pipe with a cock, which is opened
when the fire 1s lighted, and allows the es-
cape of the air. When steam appears, the
cock is turned, and a small quantity only of
steam 1s allowed to escape by the pipe, c,
which communicates with a pin-hole in the
air-pipe, between the cock and the steam
pipe: d is a syphon pipe, screwed on the
under surface of the steam pipe : this syphon
receives the water of condensation, and con-
veys it to the cistern of the boiler. The bend
in this syphon pipe must be at least ten feet
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deep, to prevent the water, which serves as a
valve, from being thrown out by the sudden
oscillations to which it is subject: and the
syphon itself must be carefully guarded
against the action of frost. The diameter of
the pipe of this syphon must be sufficiently
large to carry off the water of condensation
as fast as it is formed, while a larger diame-
ter would only expend heat in vain. Wherever
4 sufficient depth can be obtained for placing
this syphon, it is always to be preferred for
the purpose of returning the water.

Another kind of syphon for carrying off the
air and water of condensation is shewn in fig.
5; a, 1s a close iron box connected with the
under surface of the ends of the branch steam
pipes, ¢, is a syphon pipe which connects this
close box, a, with a similar cast iron box, b,
(which is open at top,) and hasa pipe, d, that
leads to the cistern of the boiler. The syphon
being filled with water, the air driven on by
the steam drives the water before it, and es-
capes at the open top of the box, b. The
water condensed by the steam pipe passes
gradually off by the pipe, d, the syphon re-
maining full.

X
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Where a sufficient depth cannot be obtained
for the construction of these syphons; the air
is allowed to pass out and enter it again when
necessary, either by means of a cock to be
opened and shut by the engineer on duty, or
by two safety valves placed near the end of
each branch of the steam pipe; one valve
opening outwards, the other inwards ; and the
water of condensation is carried off to the cis-
tern of the boiler by an apparatus represented
in Plate XIX, fig. 6. A hole being made in
the under surface of the steam pipe, an iron
box, @, contaning a puppet valve, whose
opening is regulated by a lever having a hol-
low ball of copper at its end.  As the water
condenses in the steam pipe it runs into this
box, and when a certain quantity of it has
collected, the action of the hollow ball which
floats on its surface raises the puppet valve,
and allows the water to run off by the pipe,
to the cistern of the bailer.

Sometimes a simple float without a lever it
used to open the valve.

Hitherto no notice has been taken of the
expansion of the pipes; but this must be
carefully recollected, and provided for. Mr.
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* Buchanan thinks the allowance of one-tenth of
an inch for each 10 feet in length of cast iron
steam pipe is sufficient, but Mr. Tredgold
thinks one-eighth of an inch is requisite.

One-eighth of an inch to every 8 feet in
length is the proper allowance for wrought
iron, and tinned iron, and two-tenths for each
10 feet of copper pipe. If lead pipes were to
be used for steam, their expansion would be
about seven-tenths of an inch for every 20 feet
inlength. But for the return of the condensed
water (which is the only use that can safely
be made of them in heating by steam,) one-
fifth of an inch for 10 feet will be sufficient.

Care must therefore be taken to let the ho-
rizontal steam pipes rest on rollers, that their
expansion may not be checked. Fig. 13, ex-
hibits the section of a steam plpe resting on a
roller. :
Two opposite attempts have been made in
respect to this expansion of the pipes. For
while some have endeavoured to allow room.
at the joints to counteract the effect of the
expansion, others have endeavoured to turn
the expansion to use.

Count Rumford in ﬁttmg up- the steam ap-

x 2

~
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paratus at the Royal Institution, placed drums
of thin copper, Plate XIX, fig. 1 and 2, about
3 feet in diameter, which were screwed to the
flanches of the pipes. The elasticity of the
copper allowed it to give way, as well to the
compression produced by the expansion of
the pipes, as to the pulling out by the retrac-
tion of them.

At Butterly iron works in Derbyshire a
loose thimble joint was used for the same pur-
pose. The end of the two pipes @ and b, fig.
3, Plate XIX, are turned true on the outside,
and a thimble lined with tinis used for secur-
ing the joint, in which the two ends of the
pipes work like a piston in a cylinder, about
three-quarters of an inch being allowed for
their motion.

Mr. Tregdold proposes to connect the pipes
by fixing to one of them a short length of a
pipe of smaller diameter, which slides in a
‘stuffing box attached to the other pipe.

The first use that was made of the expansion
in length of the pipes, was to open and shut the
air cock at the end of them. This was effected
by connecting the cock with an iron arm, the
other end of which was fixed to the wall.
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A similar mode of effecting the same object
is shewn in fig. 10 and 11. A hole is made
on the lower side of the steam pipe to allow
the air to pass out, and the end of the pipe is
received in a short length of a pipe of sufficient
diameter to receive the steam pipe, and a thin
thimble of tin between the two. This short
pipe is screwed to the wall or a beam, and has,
as well as the tin, a hole answering to that in
the steam pipe. The air driven forward by
the steam passes out by these holes, but as the
steam pipe becomes hot and lengthens, its
hole overshoots that in the short length of
pipe, and they become closed. On the other
hand, when the last portion of steam condenses
and the pipe grows cold, and shortens, the
holes gradually come together and admit the
entrance of the air.

In 1815, Mr. Houldsworth took out a pa-
tent for discharging air, or air and condensed
steam from steam pipes, in which he made use
of the expansion and contraction of the steam
pipes. Fig. 9, shows one of the methods
adopted by him for vertical pipes, but which
may be used in any other position of the pipes ;
a, is the end of the vertical steam pipe which
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is closed with a plate having a hole in it for
the seat of the valve; this valve, which should
be from one-sixth to one-third the diameter
of the steam pipe, is moved by a rod attached
to one end of a lever and weight, the other end
of the lever is attached by a rod to the end of
the steam pipe. The valve opens inta a box,
¢, from one-sixth to one-fourth the diameter
of the steam pipe, which is closed at top, by a
stuffing box through which the rod of the
valve passes ; and has a pipe on the side to
eonvey away the air of the pipes. '

When steam is admitted into the pipes,
the heat causes them to expand; in conge-
quence of which the rod attached to the end
being lifted towards the fixed beam, by its
action on the lever causes the valve to shut, as
soon as the pipes have acquired the proper
temperature for which the valve is adjusted,
and thus prevents.the steam from following
the air which had been driven out by it.
When the pipes cool, a contrary action of the
valve rod takes place by the contraction of the
steam pipes, and the valve opens to admit the
air.

In the vertical situation in which the steam
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pipe is represented, nothing bat air is expelled
or allowed to enter by the valve; but the
same construction may be adopted for hori-
zontal or depending steam pipes. In these
cases the valve closing when the steam pipe
has attained a certain temperature, the steam
retained within it is condensed and forms a
body of warm water ; which serves as a reser-
voir of heat after the steam is no longer pro-
duced, until it cools to a certain temperature:
when the valve opens and lets it out through
the pipe, d, which conveys it to the cistern of
the boiler.

Another method used by Mr. Houldsworth
for the same purpose is delineated in fig. 7,
Plate XIX, as applied to a horizontal steam
pipe. To the end of the steam pipe, a, 18
applied a short pipe of smaller diameter which
‘moves through a stuffing box into a cast iron
box, b, closed at top, which 1s screwed down
to a beam, ¢, fixed in the wall. In the side
of the box, &, opposite to the place where the
small steam pipe enters is affixed the rod of a
puppet valve; and is so adjusted in its length
by means of a nut and screw, that it may
close the open end of the narrow steam pipe
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when this is pushed in by the expansmn of the
larger steam plpe ; till when the air and con-
densed water 1s carried off by the pipe, e,
placed in the lowest part of the box, b. Mr.
Houldsworth prefers this method when the

steam pipe 1s of considerable length. |

Having now described the various methods
which are in general use for the purpose of
warming buildings by steam heat, it might be
expected that we should give a decided pre-
ference to some one over all others. But as’
“the mode of supplying heat, as well as the
temperature required, must altogether be re-
gulated by the extent of the building, and the
manufacturing or domestic uses for which it
is erected ; an intelligent workman or engi-
neer will find each of the different ¥inds of
apparatus before mentioned possess some pecu-~
liar advantages, under different circumstances ;
but which circumstances it would be quite un~
necessary or indeed impossible to specify here.



CHAPTER XXIV.

|

OF WARMING HOT-HOUSES AND.
CONSERVATORIES.

AFTER the detailed description already given
of the various modes of disseminating heat
in public and private edifices, by means of
warm air and steam pipes, it can scarcely be
necessary to recapitulate what has been said
for the purpose of shewing its application in
warming conservatories, or garden stoves.

The same principles and nearly similar
modes of arrangement will apply, either in
warming and ventilating buildings for the
better  preservation of the animal economy,
or for the preservation and growth of plants ;
with this difference,—that animal life is fur-
nished with the power of accommodating
itself to every vicissitude of climate, in a
greater degree than vegetable life.
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The more perfect organization of man,
which imparts that kind of mental energy
denominated courage, i1s doubtless a material
ingredient ih sustaining the animal functions
of the human race in a state of health, whe-
ther placed in the desolate regions of eternal
snows, or traversing the burning sands of cen-
tral Africa. The horse, the dog, and a few
other quadrupeds, have also the faculty of
resisting in an eminent degree the opposite
extremes of climate and even the most rapid
changes of temperature; whilst the lower
classes of the animal creation are, appa.rent}y,
deficient in - this power of compensating for
change of temperature, in exact proportion
as they descend in the scale of organised
beings.

Vegetable life is, however, widely different.
Though the structure of plants may be strictly
called organised matter (and in some of the
more delicate species almost possessing the
sentient principle) yet the beautiful inhabit-
ants of the vegetable kingdom not being en-
dued with the property of loco-motion, and
consequently without the power of voluntarly
increasing the circulation of their fluids and

10
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the production of heat, they are far less able
to withstand the extremes of temperature than
animal life, Hence, every zone, or indeed
every different degree of latitude from the
equator to the polar circle, produces its pecu-
Liar genera, species, or varieties, in the inter-
esting productions of the vegetable kingdom.

In order to compensate for the.disadvan-
tages of climate in Great Britain, we are com-
pelled to employ artificial heat, for raasmg the
better species of vegetables. And it is truly
gratifying to witness the advancement which
has been made within a few years in this
highly important department of art.

Since the valuable and profound researches
of T, A. Knight, Esq. on the Physiology and
Economy of plants, and the establishment. of
the London Horticultural Society, have ele-
vated this formerly vulgar art to a most inter-
esting branch of science; it has produced
altogether a new race of operative gardeners ;
more especially in the extensive public and
private gardens adjacent to the metropolis.
While the activity and liberality of this pa-
triotic soclety in constantly importing new

species or varieties of the mare valuable plants
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from every part of the world, and naturalizing
them in this country, cannot fail of produc-
ing the most lasting advantages to the com-
munity.

With regard to the general management
or economy to be observed in hot-houses or
plant-stoves—it would not be necessary, or
even proper to enter into,—in a work confined
simply to the production and distribution of
heat. But it may not be improper to offer a
few remarks on the specific agency of heat in
the process of vegetation.

That All-Directing Power which ordained
" the beautiful division of creation, the vegetable
kingdom, is doubtless beyond our comprehen-
sion. But the physiology and natural func-
tions of plants appear to be capable of easy
demonstration.

We should indeed, rather refer our reader
to the valuable Essays of Mr. Knight and
other gentlemen, in the Transactions of the
Horticultural Society, and to the Supplement
of the Encyclopedia Britannica on the ana-
tomy and physiology of plants, than to offer
any observations of our own, on this subject.

It must be obvious, that the more closely
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we approximate to nature in the management
of plants, the more perfect will be the veget-
able or fruit produced. For even in our best
~ managed stoves, the exotic fruits scarcely ever
acquire the flavour of the natural products of
warmer latitudes. And it has been usual to
ascribe this inferiority entirely to the want of
- that agency, which 1s imparted by the direct
rays of the sun.

That the solar ray exercises a most powerful
influence in the fructification of plants is well
known to every able agriculturist ; and this
influence appears to be somewhat of a che-
mical character, and independent of the ac-
tual temperature ; for no elevation of tempe-
rature in a pine or other fruit-stove, will com-
pensate for the effect of the solar ray in bring-
ing tropical fruits to high perfection.

But another cause also exists, why stove
plants do not usually acquire that perfection
~ in England which they attain in their proper
habitat,—our gardeners will not study nature,
in order to regulate the diurnal changes of
temperature.

From the valuable meteorological observa-
tions made by-Captain Sabine, R.A. during

s
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his voyage within the tropics in the yéar
1822::—and others made by Alexander Cald-
clough, Esq. at Rio Jameiro and part of Bra-
zil*,'it appears that even in the immediate
vicinity of the equator there is a difference of
temperature between noon and midnight (of
- rather, from about 2 P.M. and 2 A.M.) onan
average, from 10° to 15°. Captain Sabine’s
tables shew less variation between the maxi~
mum and minimum temperature of day and
night, ‘on the coast of Africa, than in the
West India Islands; which is indeed what
might be expected, owing to the extraordi-
nary humidity of the air on the African coast ;
which always tends to equalize the tempera-~
ture, as observed in one of our previous chap-
ters. -
The finest productions of the vegetable
kingdom are, however, by all authorities, ac-
knowledged to be those of the Southern he-
misphere ; between the parallels of 20° and
307 latitude. And as the atmosphere of these
beautiful regions is seldom saturated with va-
pour, except during their transient, though vio-
lent rains, the diurnal variatien of tempera-

* Vide, Daniell’s Meteorological Essays.
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ture may be taken at a mean, according to the
authority of Mr. Colebrooke*, from 20° to 22°.

Now if these diurnal -} alterhations of tempe-
rature were regularly produced in our garden-
stoves, 1s it not fair to expect that vegetation
would be produced in greater perfection ?—if
not quite equal to the natural productions of
more favoured climes. ’

A brief view of the process of vegetation
will perhaps best explain the rationale of the
subject.

A certain temperature (and moisture also)
is required for the germination of every veget-
able ovum or seed. But after the seed has
struck its radicle and developed its first leaves,
the growth or expansion of the plant appears
to increase exactly, in proportion as the: tem-
perature ‘of the air exceeds that of the mould
or soil in which it stands, and which is kept
cool by the prbcess of evaporation. For if

* On the Climate of South Africa. Joumal of Scn—
ence, Vol. XIV.

+ It is not necessary here to consider the altemahons
of temperature between winter and summer, as our obs
servations must, of course, be limited to the cultivation
of the succulent class of plants termed Annuals.
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we place a young plant in a small pot of
earth, (which quickly becomes dry, and as-
sumes the same temperature as the air) though
the plant may be made to * grow” for a
short period, by placing the pot in a warmer
atmosphere ; yet the process will become sus-
pended whenever the mass of soil, and conse-
quently the roots of the plant, attain the same
temperature as that of the air adjacent. For
growth is in reality, nothing more than the
expansion of the branches and leaves. of a
plant by the heat of the atmosphere, which,
leaving a partial vacuum in the caplllary ves-
sels, the sap or carbonaceous fluid is secreted
by the roots and propelled upwards by the
atmospheric pressure till the equilibrium is
restored. But as the functions performed by
the leaves of plants is very nearly analogous to
those of the lungs and stomach of animals—
in giving off through the medium of the oxy-
gen of the air the refuse carbonic matter, and
assimilating the juices of the plant—the
greater part of the solid matter of the sap be-
comes arrested ; forming concentric layers of
vegetdble or hgneous fibre. -
It 18 necessary, however, thata certam por-

~
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tion of ‘the sap should return, even to the
roots ; in order to give that stability or basis
which is essential to the future support and
malntenance of the plant.” Now this im-
portant object is provided for by one of the
most beautiful arrangements of our Beneficent
"Author ;—by the diurnal variation qf tempe-
rature. :
. During the nlght season, the heat dimi-
nishes even in the tropics (as just stated,)
10° or 15°; but in temperate latitudes the
change from day to night is usually during
summer from 20° to 30°. Now the effect of
this reduction of temperature on the functions
of plants must obviously be the converse of
expansion :—the contraction of the leaves

and stems of plants during the night must
drive back the sap towards the roots, during
which process it becomes solidified and organ-
ised as a concentric layer of vegetable fibre.
The growth or expansion of plants during
the day in the summer months, when the air
is usually much warmer than the soil, may
be therefore considered as an exhaustmg pro-
cess ; which, if pursued without intermission,
would be destructive to vegetable life in a very.
¥ ‘
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short period. Indeed itis uniformly observed
that vegetables which have the most rapid
growth: (as the hop and all ‘succulent plants)
have the shortest duration, and are least able
to withstand the changes of atmospheric tem~
perature. '

- It seems to he a point of essential import-
ance in the cultivation of plants, as well as 1n
the preservation of animal economy gene-
rally, that the functions of life should be
allowed regular or at least periodical inter-
vals of rest. And whilst these intervals are
employed by animals in recruiting their mus-
cular or other vital powers; the vegetable
~kingdom becomes strengthened, by the de-
posit of successive layers of fibrous matter
on the albumenous portion of the trunk and
roots; so as to enable them to sustain the ex-
hausting process of the ensuing day, termed
growth, or expansion of volume.

In the management of garden-stoves, there-
fore, the first consideration should be, to as-
certain (with as much accuracy as possible)
what is the mean heat of the hot season, by
day, and also, what are the diurnal changes
of temperature in those parallels of latitude,
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or rather the immediate districts where each
wanety of the exotic class of plants attain the
greatest state of perfection. For the perfece
tioni of Art, in this case, must unquestionably
be allowed to be the imitation of Nature* !

.. By a eareful adaptation of the temperature
both by night as.well as by day, to the natu-
sal habitudes of each plant, or where a. variety
of different plants are cultivated, to those
whieh claim -most consideration,-—-it is pre-

* "The reader will find some valuable information on
this subJect in the observations of Mr. Colebrooke on the
Climate of Southern Africa; and also in the Meteorolo-
gical Essays of Mr. Daniell —Chap “ Radiation .of
Heat.”
~ M. Colebrooko found the mean daily variation of
temperature in lat. 32° south, to be from 21 to 22 de-
prees ; the average temperature of -the warmest month
(February) being 71° and the maximum heat ahont 100¢.
Edin. Phil. Journal, val. v.—It is also to be observed,
that in estimating the average diurnal change of tem-
pérature, great allowance must be made for the state of
humidity of the air. Dr. Wells (in his beautiful 'Essay
eri the Formation of Dew). has shewn, that when the air
becomes saturated with moisture, or under an opaque
sky, there is frequently only a few degrees difference
between the temperature of day and night; but in propor-
tion to the clearness of the night, so does the temperature
of the air: become reduced by terrestrial. radiation.

Y 2
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sumed that a much nearer.approximation to
the natural fruits of. the tropical climates
might be attained in our garden-stoves, or
fruit-houses.

The degree of humidity in the air, both in
conservatories or green-houses, as well as in
the warmer class of garden-stoves, is also a
point of great importance, in order to preserve
the functions of plantsin a state of health. .

If the atmosphere of any hot-house be de-
ficient in humidity, the transpiration of aque-
ous vapour from the leaves of plants will be
too rapid to allow of the proper assimilation
of the sap; and consequently produce imper-
fect or diseased vegetation.—On the other
hand, if the air be too humid, it will not carry
off the feculent matter of the plant with suf-
ficient rapidity. The latter evil is, however,
not so much to be apprehended as the former,
in the usual management of garden-stoves of
the warmer class.

The power which plants possess of absorb-
ing heat from the action of solar light, though
Justly considered by Mr. Daniell as a most

_ impertant part of vegetation, and who re-
marks, ¢ that a scientific attention to these
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particulars would tend much to benefit the art
of gardening,” is, nevertheless, foreign to the
immediate object of the present. work,.and
consequently must be altogether omitted here.
- With- regard to the mode of disseminating
artificial: heat: through forcing-houses and
conservatories,—it will not be necessary to
enter into detail, after the description already
given of the Russian and Belper varieties of
stoves; -and the various apparatus mentioned
in the preceding chapter for transmitting heat
by. steam.—Only. observing,. that. wherever
flues are employed for. heating buildings of
- this kind, great attention should be paid in
allowing a sufficient surface of water to give
the proper degree of humidity to the atmo-
sphere. And that when flues or steam-pipes
are required to extend any considerable dis-
tance from the fire-place, they should be
either enclosed in wood cases filled with straw,
chaff, or some other bad.conductor of heat ;
‘or else wrapped round with straw or hay-
bands as close as possible, till their admission
into the building to be warmed.
.. It 1s now generally admitted that steam is
the most economical agent which can be em-
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ployed, as far as the consumption of fuel goess
The apparatus necessary, is undoubtedly more
éxpensive in the first instance than flues ; yet
the advantages derived from steain are sufe
ficient to compensate for any extra ekpehce
in buildings of considerable extent, by the
uniformity and certainty of regulating the
temperature (whatever may be that of the
external air) ; and from it not being Lable to
affect the chemical properties of the air, antd
thus injuring vegetable life ; which is too often
the case when hot air-flues are employed for
heatlng conservatories.. :

'The temperature of air-flues or pipes con=
sidbrablyvdiminishes with the distance; but
steam1 may be sent through cast iron pipes
(having wood cases filled with any non-con=
ducting substance, as before mentioned) to
four or five hundred feet from the bmler, .
“without any matenal loss of heat.

‘Thee regulation of the diurnal changes of
temperature may be .also effected with the
utmost facility, by the stop-cocks attached
to the main or branch pipes of a building fitted
up with steam apparatus. In short; the ap-
plication of steam for warming every building
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where original expence is not an object, pos-
sesses so many advantages, even for the pur-
poses of vegetable economy, as to be greatly
superior to the use of air-flues, on any arrange-
ment whatever.

. But there is another consideration, perhaps
of still greater importance, in the estimation
of those who are in the daily habit of visiting
these elegant depositories of the most beauti-
ful productions of nature,—that the atmo-
sphere of a conservatory is far less vitiated for
the purposes of animal respiration, where
steam 1s employed, than where air-flues are
used. A

In the latter case, the effluvium in many
buildings of this description, owing to the
inferior kind of fuel used, the burnt property
of the air, and the want of adequate ventila-
tion, is not only very oppressive to the lungs,
but highly noxious to health. It should be
considered, that the process of vegetation,
like animal respiration, gives -out carhonic
matter to the adjacent air*; which delete-

* Whether the oxygenous portion of the atmosphere
becomes absorbed by the leaves of plants, when in the
shade, and is again evolved in the day-light or sunshine,
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rious matter ought to be carried off by ven-
tilation, as quickly as possible, both for the
preservation of the healthy functions of the
plant, as well as for maintaining the salubrity
of the air in these most elegant appendages of
our better class of mansions.

With regard to the general construction of
garden-houses, and the best mode of glazing
the lights, the subject has been so ably treated
by Mr. Sabine, Mr. Gower, and the other
eminently scientific members of the Horticul-
tural Society, as to leave us nothing for re-
mark, but to refer the reader to their valuable
pages. The practical application of these im-
provements and scientific arrangements in the
construction of conservatories, may be seen at
Messrs. Loddige’s extensive establishment "at
Hackney. These gentlemen exhibit a greater
assortment of tropical and scarce plants, and

as supposed by some physiologists ;—or whether (as is
most probable) the oxygen of the air acts merely as a
vehicle for carrying off the carbonic feculee of the plant,—
it is not necessary to investigate here. It is sufficient to
know that the vegetative process, when carried on in
confined buildings, greatly vitiates the air for all the pur-
poses of animal life.
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perhaps in a higher state of perfection, than
any gardens in the united kingdom.

. We shall close our observations on ‘this
subject by recommending gentlemen, who
are about to erect conservatories in the first
instance, to pay greafer attention than is
usually given to the selection of a proper scite
* of ground.

The aspect, as is well known, may be varied
‘according to local convenience, from the S. E.
to the S.:W. points of the compass. - But if
stove-houses, instead of being usually erected
as detached buildings, and consequently ex-
posed to the various atmospherical changes
and currents of air, were built in a sort of
semicircular recess or excavation in the soil,
open towards the south, and banked up (to
any -convenient height) on the N. and N.E.
80 as to operate as a concave reflector ; there
cannot be a doubt that the natural or reflected
heat would be greatly increased and écono-
~ mised, and of course less assistance from
artificial heat required.

For it should be recollected that a great
portion of the heat employed by nature in
forwarding vegetation, is derived from the

—
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reverberation or reflection of the sun’s rays
by the earth’s surface: asis{fully shewn by the
uniform diminution of heat according to the
elevation of any point above .the level of the
sea.

It is on this principle that the roof of every
kind of - hot-house is made to form an angle
of from 30 to 35 degrees with the horizon, in
order to receive the meridian sun in a vertical
direction. Reflected heat following the same
laws as reflection of light, (the angle of re-
flection being always equal to the angle of
incidence) the more nearly the direct solar
rays approach the perpendicular, the greater
of course will be the reflected heat within
a given space.

‘But it 18 nat only of great 1mportance, in
point of economy, in the eriginal construction
of garden-houses, to have the walls partially
surrounded by a concave screen, and the
frames of thé lights made of slow-vonducting
substances, as of hard wood, in preference to
metal ; but the colour of the interior of such’
edifices is perhaps a point of no less import-
ance in the process of vegetation.

- That white surfaces copiously reflect the

™~
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rays of light, whilst dark-or black surfaces
absorb it,-has been satisfactorily proved by
numerous éxperiments.  And that light is 5
most important agent (indepéndent of heat)
not only in the production of those beautiful
and inimitable colours which grace the Flora
of the vegetable kingdom, but in the deve-
lopement and perfection of fruit, has also
been universally acknowledged*.

And although the refined chemical process
by which plants decompose the solar ray, and
select that portion of the spectrum - best
adapted to their peculiar nature, altogether
eludes our research ; yet it is of some value to
determine the simple fact,—that plants univer-
sally become etiolated and sickly when placed
in dark situations ; and, on the contrary, have
their beauty and vigour increased in propor-
tion as they are exposed to the full action of
solar light.—From which premises it fol-
lows,—that the less impediment which is of-
fered to the admission of light in the erection
of any kind of garden-stove, and the more
white surfaces which are presented by the

* Vide, the interesting researches of Chaptal and De
Saussure on this sub_;ect
13
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interior wallsand frames—the greater will be
the proportion of reflected light and heat, and
consequently, the more perfectly will the
functions of vegetable life be sustained.



APPENDIX.
PATENT (THERMO-REGULATQR) STOVE.

Arter the preceding sheets- had passed
through the press, and just as the work was
preparing for immediate publication, the Au-
thor gained intelligence that Letters Patent
had just passed the Great Seal ‘* for certain
Improvements in Stoves and Grates.” And,
being desirous of obtaining every information
connected with the immediate subject of the
present volume up to the latest period, appli-
cation was made to the patentees (Messrs:
Atkins and Marriott) for any such intelligence
as they might think proper to communicate,
previous to their Specification.

In consequence of which application, these
gentlemen most liberally permitted the Author
to have a drawing taken of their Improved
Stove and Apparatus, from which the En-
graving has been made that faces our title-
page. From the verbal communication given
through the kindness of the patentees, we
bave also been enabled to add the following
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description of their invention; with the dis-
tinct understanding however, that it is not to
be considered as comprehending the whole of
the objects of their invention, nor as any thing
in the nature or form of that Specification which
they will hereafter have to enrol.

The inventors of ‘this stove and apparatus,
(which is termed a “ THERMO-REGULATOR,”)
contemplate several objects m their .invexy-
tion :—egonomising fuel ; consummg fmoke ;
pzeveptmg the necessity of a current of cold
air from the doors and. wmdows, and ventgla;y
ing apartments. .

The first of these objects is provxded for by
a.n arrangement which seems to unite scientific
principles with the requisite elegance in sg
material an article of furmture asa drawu;g..
room stove..

. The figure and genetal appeamnce of thss
stove, the patentees state, nay be yaried at
pleasure so far as matter of ornament is cop-
cerned ; (see Plate XX, facing the title-page.) ~
. Instead of having a detached fender, a base~
ment, b, b, projects from the lower part of ‘the
stove into the room as far as is.desirgble. This
basement is made hollow, either of steel ar other
metal, or porcelain plates, and is subsequently
filled up with certain  non-conducting subs
stances, or imperfect conductors of heat. Theg



APPENPEX. 335

back part and sides of the stove, 4, a, fig: 2; i
also made hollow, 3pd filled up with the s&me
materials *.

The front plate of the stove, f, £, rests ﬂush
3gainst the jambs of the firg-place ; so that the
radiation of heat from the burning fuel may
extend to the sides of the room as well as in
front; and the grate or fire-bars are made to
hang on, or take off the front, as.in ather stoves.

Immedlately below the fire-chamber and
gratmg, is an opening, ¢, in the basement to re-
ceive the ashes, and admit the draught, of air for
supporting combustion.

‘At the front of the basement a drawer, 4, is
made to slide out in order to remove the ashes.
On the side of the basement, at. fig. 1, a'small
pipe is inserted, which opens immediately under
the grate. This air pipe is provided with a stop
cock, and is carried under, or through, the
ﬂoormg, to a vessel or reservoir of condensed
air.

The air-vessel, may be formed of sheet-lron,
or wood with iron heaps like a cask ; and is to
be filled with:air (to the amount of several at-
mospheres if desired) by a condensing pump,
or a pair of small strong bellows worked by a

" * The patentees have not yet determined on the actual
materials or combination of substances best adapted for this

object.

~
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lever. A few strokes of the bellows will fur-
nish a supply in the reservoir for producing a
strong current through the pipe when the fire
is first lighted ; or indeed whenever it may be
necessary to obtam a brisk fire at a short no-
tice.

When the fire is suﬂiclently brisk the further
supply of air may be instantly shut off by turn-
ing the stop cock ; in which case the air of the
room will serve to maintain a slow, or regular
fire, and sufficiently ventilate the room at the
same time. ' ' '

The basement of the stove slopes forward
from the bottom of the fire-chamber, both to-
wards the front and sides of the room, to afford
a restmg-place for warming the feet. The cor-
nice or head of the stove, ¢, is also filled up with
the same non-conducting materials as the
basement, sides, and back, leaving a passage

for the smoke, which is provided with a ver-
tical register, &, shewn in the section, fig. 2.’

The semicircular aperture through the front
of the stove which is closed by a circular plate,
opens into a chamber, g, fig. 2, behind for receiv-
ing the coal. This chamber enlarges as it ap-
proaches the bottom of the grate in order to pre-
vent the coal from adhering toits sides by caking.

Now if a fire be lighted in this stove in the
ordinary way,—by closing the ash-box in front
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of the basement, and opening the cock of the
air-pipe, a brisk fire may be blown up in a few
minutes, without the smallest trouble ; or that
recoil of smoke into the apartment which fre-
quently attends the use of bellows. The force
of the air-blast may also be regulated at plea-
sure, as well as its duration, by this very ele-
gant contrivance.

As the body of the fire rests lmmedlately
on. the bars which form the upper part of the
basement, the heat which is given out by the
burning fuel will be partly absorbed by the
non-conducting materials of the interior of the
basement and front of the stove; ; and on sufs
fering the fire to subside or go quite out, this
heat will be again given out to the apartment.

In order to prevent the evolution of smoke,—
this invention certainly promises at first view,
to accomplish that desirable object more effec-
tually than any arrangement we have hitherto
seen. '

 When fresh fuel is required, —the coal-cham-
ber is to be opened by turnmg the circular
plate half round on its axis (by a key winch)
and throwing on the necessary quartity of
coals, and again closing the aperture, the crude
gas from the fresh fuel being prevented from
escaping upward, must find its exit near the
bottom of the fire ; and in passing through the

z
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ignited fuel must have the greater part if not
the whole of its offensive properties arrested or
consumed. While the ascent of the remainder
of this gaseous matter will be greatly accele-
rated by the high temperature it acquires in
passing through the fire. '

The coal in ordinary cases will be almost re-
duced to the state of coke, when it arrives at
the bottom of the coal-chamber; from whence
it may be brought forward into the grate by the
aid of a poker as required ; or indeed, by the
mere operation of stirring up the fire, and
allowing the coal in the chamber to occupy its
place beneath *.

In pomt of economy, the patentees estimate
the saving of fuel by their arrangement, from
one-third to one-half the consumption of coal
by the ordinary register-stoves :—taking’ into
consideration the quantity of heat retained by
the several parts of their improved stove, and
consequently a less supply of fuel required to
be kept up ;—and from the chief supply of air
being given from without the room, those cold
currents of air through the doors and windows
in the usual way are greatly reduced, and the

* A different arrangement will be adopted by the pa-
tentees for effecting these objects in kitchen grates or ranges:
but which they state are not suﬂiclently complet.ed at present
_ to allow of any description.
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warm air proportionably economised, instead
of being driven up the chimney.

The patentees further state,—that the heat
being retained for several hours in the base-
ment and other parts of their stove, an ordi-
nary sitting-room having had a fire in it during
the former part of the day, will be sufficiently
warm for personal comfort, by the radiation of
heat from the stove, for many hours after the fire
is extinguished ; whilst it affords a remedy for
one of the greatest evilsin social intercourse,—
that of being placed at a dinner table with a
glowmg fire on one side and a freezing current
of air on the other. :

The air-pipe attached to this stove, it is also
the intention of the patentees to render available
for ventilation, during the summer months, or
whenever it may be necessary.

The arrangement for this object also com-
bines simplicity with scientific application.
The main pipe or leather hose leading from
the reservoir of condensed air is made to pass
through a cistern of water in its passage to the
small air-pipes opening into the apartment, by
which means the room may be thoroughly ven-
tilated and cooled at the same time, without
any further trouble than the labour of a servant
for a few minutes to fill the reservoir with con-
densed air. 4



340 APPENDIX,

We are not desirous of offering any decided
opinion on the merits of this invention from the
working model we bave inspected, though it
certainly seems calculated to realize the object#
stated by the patentees. If we have any doubt
as to the practical conveniences attending the .
use of these improved stoves, it relates to the
mode of supplying fuel—whether the coal-
chamber would not be liable to become
choaked, and require the assistance of a poker
frequently ? In all other respects however, we
consider the invention as one of the greatest
improvements we have yet seen, in the con-
struction of stoves, and ventilating apartments,

THE END.

Printed by R Gilbert, St. John’s Square, Londen.
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