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OBSERVATIONS

ON THE

VENTILATION OF ROOMS, &e.

R Al L

A View of the Properties of the Airy upon which the
Operation of Chimneys depends.

HE {cience of hydroftatics, which explains the

laws and properties of watery fluids, was brought
to a confiderable degree of perfeétion by the celebra-
ted Archimedes, more than two hundred years before
the Chriftian era.

On this fcience, the philofophers of later times have
founded their admirable do@rine of the preflure of the
air. Galileo, from analogical reafoning, firft fuggefted
the idea, that air, though a light and invifible fluid, muft
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yet be fubject to the general law of gravitation, by which
water and all other bodies are governed. Torricelli af-
terward undertook, by a ferics of nice experiments, to
afcertain the truth of his great mafter’s conje&ure, and
at length happily fucceeded in confirming it beyond a
poflibility of contradi@ion. Thus pneumatics became a
branch of {cience at fo late a period as the fixteenth cen-
tury. Before that time the air, from its invifibility and
apparent levity, had been confidered as totally devoid of
weight.

The gencral properties of the air are now fully under-
ftood, and have been fo well elucidated by many accu-
rate writers, that it is unneceffary for me to give any
{cientific explanation of them. However, as the follow-
ing pages were written, not for the information of the
learned, but principally with a view to inftruct artificers,
whofe fituation in life cannot afford them convenient
leifure to enter on a courfe of philofophical reading, it
{eems requifite here to notice thofe properties of the air
which have relation to the {ubje& before us. For it is
obvious, that unlefs a workman be thoroughly acquainted
with the principles of his art, he cannot proceed to make
a right application of them.

Befide the weight or preffure of the air, which is per-
fe@tly analogous to that of other fluids, it is neceflary to
particularize its difpofition to be 7arefied to a great degree
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by the application of heat, and to be proportionally cos-
denfed by cold. The air is thence liable to confiderable
variations in its fpecific gravity, according to the differ-
ent ftates of its temperature.

Since the principal phenomena refpeéting the afcent of
fmoke, either in the open air or in chimneys, are founded
on thefe circumftances, it may not be amifs to elucidate
them by a few familiar examples, in order to fhow how
much the air is fufceptible of rarefadion by heat, and
of condenfation by cold.

1. Let a bladder that is moderately filled with cold
air, and having its neck clofe tied up, be brought into a
warmer medium, or near the fire: the air included will

then immediately expand itfelf, and fully diftend the
ladder.

2. Let the bladder be returned into the former cold
medium ; and the air contained in it will be condenfed
or reduced to its priftine bulk, the bladder becoming
~ flaccid, as before,

In order to prove that air is rendered [pecifically lighter
by heat, and {pecifically heavier by cold,

1. Let the fame bladder be loaded with as much
weight as will juft caule it to {ubfide in cold water to the
bottom of the veflel.

2, Let a quantity. of hot water be added to the cold,
{ufficient to render the whole warm: the air will pre-
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{ently be rarefied, and caufe the bladder to afcend more or
lefs above the furface of the water.

3. Add cold water to the hot; and as the air con-
denfes, the bladder will fubfide again to the bottom.

The weight or preffure of the air is beft exemplified
by that of water, which is more immediately the obje&
of our fenfes.

It is an axiom in hydroftatics, that water invariably
rifes to the fame level or horizontal line, whether it be
contained in pipes, canals, lakes, or in veflels of any
form whatever, capillary tubes excepted ; and likewife
that it perfeveres in a ftate of reft, if no external caufe
interfere. Thus,

Let fig. 1, reprefent an inverted fiphon. If water be
poured into the tube at E till it rife to A, the other leg
of the fyphon will be filled to D in the fame horizontal
line. The fame will be found to take place, whatever
be the form of the tube, asin fig. 2, 3, and 4.

In every cafe the column of water A B is in equipoife
to the column CD ; which muft be confidered as owing
to an equable denfity of the fluid.

When fluids of unequal denfity are put in the fitua-
tion above mentioned, a very different effe is produced.
The two columns cannot then remain at reft, but one
will immediately overbalance the other.
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Let A B, fig. 5, reprefent a veflel containing water,
and having immerfed in it a tube C D, whofe lower end
is clofed. Now if the end of the tube C be opened, the
water will alcend by it up to the fame level E, as in the
jar. Itis obvious, that the rifing of the water in the tube
is caufed by the prefiure of the body of water in the jar,
which preponderates over the weight of the column of
air previoufly occupying the tube.  Air and {moke arife
in chimneys from a caufe perfeétly analogous to the
above. For the air being fufceptible of great rarefac-
tion by heat, and of condenfation by cold, becomes
thence liable to. confiderable inequalities of preffure ;. for
inftance,

Let fig. 6, reprefent a tube, or inverted fiphon, con-
taining air of uniform denfity. The weight of the column
A C will be equal to thatof B C, as in the foregoing
examples of the preffure of water in like circumftances.
But if a fire be fet at D, it will, by rarefying the cclumn
of air B C, render that {pecifically lighter than the co-
lumn A G, and confequently deftroy the equilibrium of
preflure which previoufly fubfifted between them: the
latter will then preponderate over the former, and raife
it up. As the column A C defcends, it muft pafs through
the fire at D : hence BD being kept conftantly rarefied,
will always afcend, from the fuperior preflure of the
other column of air; and thus they would continue to
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a&, if no external caufe interfered, till the equilibrium
fhould be reftored by an equal degree of heat.

Thefc examples {ufficiently account for the afcent of
the rarefied air and fmoke in chimneys, from the fupe-
rior weight of the external air. Yet however obvious
the principle may appear to be, nothing is more common
than to fee the conftru@ion of buildings interfering with
it. Thus, in fig. 6, if we fuppofe the aperture A to be
inadvertently ftopped, the column A C could not defcend,
nor the column B C afcend, any more than if the aper-
ture at B was clofed up: the {moke therefore accumu-
lates, its vehicle being now ftagnant ; and it will be dif-
fufed through the column A C fo long as the free circu-
lation of air is interrupted at A.

I may with truth aver that, for the moft part, chim-
neys {moke from a caule perfectly fimilar to this; and
hence appears the neceflity of uniting fome knowledge
of pneumatics with geometrical fcience, if we wifh to
have our dwellings pleafant and healthful as well as du-
rable.

I think it proper in this place to obferve, that when-
ever fires are made in the open air, the fmoke afcends
from them in a perpendicular dire@ion, provided the
weather be calm. This does not happen altogether
secaufe fmoke is lighter thin air, but is more owing to
the afcent of rarefied air, which a&s as a vehicle to the
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fmoke. .- We need not from hence infer, that a perpen-
dicular dire&ion is effentially requifite to the free afcent
of fmoke. The fa& is, in whatever direGion water
will defcend by its gravity, rarefied air will afcend in
the fame by its levity ; fo that the form or conftruéion
of chimneys will admit of great variety, without in-
convenience,

For example, take the forms reprefented in fig. 7
and 8, and fuppofe the firc to be placed at D. The
rarefied air and {fmoke will afcend through the crooked
tubes B C as well as they would in a ftraight one. Or
the fmoke will afcend from the fire D to B with the
fame facility as it would through O A, fuppofing the
fire placed at O,

What has been already faid, may feem abundantly to
illuftrate the effe&ts arifing from the rarefa&tion of air
in tubes or chimneys. I think, however, confidering
for whom this treatife is principally intended, thatit
will not be amifs to add a few more examples, and rather
err on the fide of fuperfluity than otherwife.

Let us then fuppofe a tube as reprefented, fig. g, and
containing a fire at E. In this cafe the air would be-
come equally rarefied from E toward C, and toward D.
Therefore the columns A Cand B D partaking equally
of the heat, muft remain at reft, as neither of them
could preponderate over the other, This equilibrium
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might however be deftroyed by flight caufes. If the
wind fhould blow into the aperture A and not into B,
it muft give the heat a dire@ion toward D, in confe-
quence of which the column BD, becoming more
rarefied than A C, would afcend, fo long as the caufe
continued to act.

Let us next fuppofle a fire to be placed at G, and
another at I¥,  If the heat is not equal in the two co-
lumns AF and BG, the hotteft column will afcend
and draw the fmoke of the other downward through
its fire.

On this principle the ftoves in the Bank of England
are conftituted. I fhall therefore give fome further il-
luftration of it.

The requifite 1s, to make afire at A, fig. 10, the
fmoke from whence fhall not rife upward, but defcend
{from A to B, and after paffling under the floor, as
from Bto D, fhall afcend from D toward E, in order
to be difcharged at C, and thereby to keep the room in
which A is placed, totally clear from fmoke.

To produce this cffe@, a fire mult be previoufly made
on a grate at E, with an iron door clofely fitted, fo as
to prevent the accefs of air from without. The co-
lumn C D will then become much rarefied. There-
fore, if a moderate fire be placed in the ftove A, the
{moke from it will not afcend, but pafs downward un~-
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der the flooring BD, and be all difcharged through
the chimney E C. In this dire@ion the current of air
and {moke will continue fo long as the fire is kept up
at E*; and no {moke can arife in the room containing
the ftove A. The diftance from A to E need not be
precifely limited : whether we fuppofe it three feet, or
one hundred, the procefs may go on {ufhciently well.
However, if the fpace between the two tubes is made
very great, the force of afcent in C D will be confider-
ably diminifhed.

* Were the fire at A wholly inclofed, the fmoke muft neceffarily pafs through
the tubes AB, D C, without any fire at E ; on which principle the ftoves in Ger-
many are conftruted,
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CHAP I

On the Ventilation of Rooms, and the Conftrulion
of Chimneys.

BEFORE we enter upon the application of the fore-

going principles, it is requifite to obferve, that the
dimenfions of chimneys muft bear fome proportion to
the quantity of fuel which their different purpoles re-
quire in parlours, chambers, or kitchens:

Let us fuppofe the whole confumption of coal in a
parlour to be one hundred weight in twelve hours, and
the area of the chimney required to be 196 fquare inches.
If then, in another fituation, two hundred weight
be the confumption within the fame time, the area
of a chimney adapted to difcharge freely the increafed
quantity of fmoke in this cafe, thould be nearly double,
or equal to 392 fquare inches, and fo in the fame
ratio for larger confumptions of fuel. I do not, however,
mean to infift upon it, that thefe proportions muft be
adhered to invariably.  Such precifion is not neceffary,
becaufe the afcent of fmoke depends much on the degree
of rarefacion in the chimnt}r. Experience alfo informs
us, that the tube or fhaft of a chimney, whole fides
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are fourteen inches each, or whole area is 196 fquare
inches, {fufficiently an{wers for fitting rooms or bed-
chambers in general,

The area of a chimney in a large kitchen, where
the family is very numerous, fhould be at leaft 588
{quare inches, whether its form be a {quare or paral-
lelogram. j

No injury can arife with regard to the afcent of the
{fmoke from this large capacity of the fhaft; whereas
a too great contraction of it frequently produces very
difagreeable effeits, which are not eafily removed. Be-
fides, the larger the capacity of a chimney is made, the
feldomer will it want cleanfing.

In applying the principles ftated in the laft chapter,
I fhall begin with buildings of the moft fimple con-
ftruction, and afterward proceed to thofe which are
more complicated.

Let fig. 11, reprefent the plan of a cottage, having
one chimney C, one door D, and two windows A B.

Suppofe, firft, the door and windows to be air-
tight, or fo clofely firred, that they do not admit a
quantity of external air fufficient to carry up the
fmoke in the chimney. The houfe will, in that
cafe, be incommoded with fmoke and flagnant
air. If then a window or door be opened, the
chimney obtains a fupply of frefh air, and performs

C2
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its office in carrying off the {moke properly. This
circumf{tance points out to us a remedy for the defed,
by making fome convenient aperture into the houfe;
which however muft be done with caution: for if the
opening is either at the door or window, the ftream of
cold air flowing from thence will not only be un-
pleafant, particularly in winter, but very injurious to
“the inhabitants, What I fhould propofe for the pur-
pofe, is an air-duéf, three or four feet long, to be fixed
in either corner of the room moft remote from the
fire, asat E; and communicating with the external
air through the wall. The diameter of the du& muft
be from five to fix inches. The air admitted by this
means will afcend in a perpendicular direGion to the
ceiling; and being gradually diffufed, will foon acquire
the temperature of the room. While this procefs goes
on, no perfon within is {fenfible of it, nor is the flame
of a candle in the leaft difturbed by it. At the fame
time, fmoke and f{tagnant air are effectually removed.
If the air thould be admitted near the fire, the chimney
will a& equally well, but the circulation through the
room cannct be fo perfect; for as the freth air muft
take the neareft courfe to the chimney, it would leave
that which is contained in other parts of the room nearly
quiefcent ; whereby it would become lefs fit for refpi-

ration.
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Let us next confider the confequences arifing from
two chimneys in one and the fame room, as at CF
fig, 12; other circumftances remaining as before.

1. If a fire be placed at C, that chimney will not
{moke, although the door and windows be perfectly
clofe; becaufe a {fupply of air muft come from the other
chimney F, as was formerly mentioned, page 3.

2. If it were requifite to have a fire at I alfo, the
{moke in that chimney could not afcend at all, on ac-
count of the current of air pafling down it to fupply
C. Orreverfely, if the fire were placed firft at F, the
chimney C would then fmoke for the fame reafon.

To remove the defect in this cafe without injuring
the inhabitants, and to enable both chimneys to act well
at the fame time, it becomes neceffary to apply an air-
du&, as in the foregoing inftance, but in a different
fituation.  Its capacity muft alfo be enlarged, fince two
chimneys are to be fupplied with air inftead of one.

A du& whofe fide is feven inches may anfwer the
purpofe: its area will then be forty-nine inches, or
nearly double to that of the former, whofe {ide was efti-
mated only at five inches. The moft proper fituation
for it is at an equal diftance from each fire, as at E,
becaufe a ftream of air flowing up from thence will have
the grentﬁ:ﬁ pofﬁb]f: effed in ventilating the room. An
air-dut at any of the corners might indeed afford a fup-
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ply to the chimneys, fufficient to prevent them from
{moking, but could only change the internal air par-
tially. '

Let fig, 13, reprefent the plan of a cottage, confift-
ing of two rooms, with the door D, and windows
A B, clofe. A firein the chimney C would not {moke,
fince it muft have a conftant fupply of air from the
chimney F. But if the wind fhould happen to blow
in the dire@ion from Cto F, the {moke rifing from C
would be carried down again with the air in F, and fill
both the rooms.  One air-du& might here alfo prevent
the chimneys from {moking ; but with a view to venti-
lation, T fhould recommend two, fituated as at E and
e, which would always keep up a proper and healthy
circulation of air through both the rooms.

Let fig. 14, reprefent the plan of an edifice, confift-
ing of two rooms and a veftibule. Here the fame cir-
cumftances will take place as were mentioned in the il-
luftration of fig. 12. The fire at C muft take its fup-
ply of air from the chimney F; confequently, if a fire
be afterward made in the latter, the fmoke from it -
muft be drawn into both rooms. ‘The mode of furnifh-
ing air may be different from that recommended in the
laft example: inftead of du@s conveying the external
air to each room, it will generally be more convenient
to fix one fufficiently capacious in the veftibule ; and then
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to apply lefler interior duds to one or both of the rooms
adjoining. If there thould be two doors in the veftibule
to which air-du&@s are thus applied, when the wind
blows brifkly from GtoD (or contrariwife) the doors
being open, it will occafion both the chimneys to fmoke.
Wherefore it is requifite to have but one external door,
or to keep both conftantly fhut in tempeftuous wea-
ther. But of this I fhall fay more hereafter.

Let fig. 15, reprefent the plan of an edifice contain-
ing three rooms on one floor. Now, if the external
doors and the windows were perfedly clofe, a fire in
any one of the chimneys, as A, would occafion the
others at C and B to {moke, provided the interior doors
were all open,.and likewile thofe in any of the cham-
bers above. _

If a fire were at the fame time placed at B, only
the doors D E being open, both the fires would bor-
row their air from C; or both from B, fuppofing the
fecond fire fetat C.

If fires were made in all the lower recoms, thein-
termediate doors, and the chamber doors being open,
the chimneys on the ground-fleor would all of them
aét well ;' but if the door D were (hut; A and B would
fmoke, and C only a& well, If the door' E were

fhut, the chimney in that would alfo fmoke.
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Such then are the difagreeable confequences arifing
from the exa&nefs of the carpenter’s work in all houfes
where no provifion is made for admitting the external
air,

It will appear from what has juft been faid, that
the chimneys of the lower apartments often derive
their fupply of air from the chambers, the doors being
open; and hence it is, that, when feveral flues are
comprifed in one and the fame ftack, the chambers
are filled with fmoke and foot from the operation of
the fires below.

Thefe circumftances point out the neceflity of ena-
bling the chimneys to a& independently of each other,
by means of one general refervoir in the lower parts
of the houfe, from which every apartment may be
feparately fupplied with air. Such a plan might be
executed without much difficulty, and would be at-
tended with numerous advantages. It would promote.
a conftant circulation of pure air through the apart-
ments; it would clear away from them the {moke and
{foot ; it would contribute much to the prefervation of
furniture, books, paintings, &c. Laftly, it would pre-
vent the diffufion of infe&ious effluvia from one room
to another.

The importance of thefe objects does not require to
be enforced by argument. I fhall therefore proceed
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to confider the mode of admitting the air, which will
moft effetually contribute toward the accomplifhment
of the feveral purpofes above fpecified.

Let fig. 16, reprefent the plan of an edifice con-
taining four rooms on a floor, with {undry offices under-
neath, and with an open communication at S to the
lower apartments or cellars.

It will in this cafe be proper that one or more of
the paffages below fhould have a free communication
with the external air: for by this means every part of
the building may be amply fupplied with air, which
in the winter feafon will in fome degree conform to the
temperature of that within, foon after its admiflion, and
which in fummer will be cooler than the external air,
A mean temperature may thus be conftantly preferved
~ within between the two extremes.

Thofe openings to the external air fhould be made
on the fouth or fouthweft fides of the houfe; becaufe
the chimneys require moft aid when the wind blows
from thefe quarters ¥,

If the plan of the building will not allow of an aper-
ture in the direcions affigned, the weft fide is then
more eligible for the purpofe than any other.

Having provided for a gencral fupply of air to the
houfe, we fhould, in the next place, regulate the mode

* The air being then generally warmer and lighter.

D



L w8 "]

of its admifllon into each room feparately both above
and below ftairs, fo as not to injure the architeéture,
or occafion any deformity ; which may be done eafily
and without expence in the fitft conftruction of a build-
ing. I have employed in feveral inftances the follow-
ing method with advantage: T leave an open fpace be-
tween the upper part of the architrave furrounding the
door, and the wall, on each fide of the door, and like-
wife an open fpace between the cafing and the lintel.

‘The air then delcends between the architrave and the
wall on the outfide of the door, and afcends between:
the architrave and the wall on the infide of the room.
The current thus admitted rifes in a perpendicular di-
re&tion toward the ceiling, and acquires the tempera-
ture of the room, - circulating through it imperceptibly
to the inhabitants. At the fame time it prevents any
-accumulation of ftagnant air, and removes the {moke
of candles, which is otherwife very pernicious.

A fimilar mode of ventilation may be applied to all
the rooms, however great their number, with the fame
beneficial effects. It renders the {malleft apartments
equally pleafant and healthful with the largeft, and
prevents the {moke from defcending when the door
thuts. In {mall rooms more efpecially, when they
are furnifhed with an air-du&, it is proper to have the
doors and windows as clofely fitted as pofiible.

X
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Although the falutary tendency of this plan muft
be obvious when fully confidered, there ftill remains a
prejudice againft it in the minds of the multitude.
They obftinately maintain that the {fame injuries are to
be expe@ed from air admitted in this manner, as from
the cold ftreams of it which ufually flow into a2 room
through the crevices of the door or window. How-
ever, the plan I propofe is not recommended from theo-
retical {peculation: it has fufficiently ftood the teft of
experiénce; and to that alone we can properly appeal.
Befide its own peculiar advantages, it eficGually pre-
vents thofe difagreeable fenfations, occafioned by lateral
currents of air, which chill the body on one fide, while
it 1s heated on the other; nor can its operation at all
produce the fame dangerous confequences, fince the air
introduced by it, being gradually and infenfibly diffufed,
diftributes an un.form heat .round the room. .

I do not propofe the method of ventilation aboye
ftated as the beft in all poflible cafes. There is fo great
a diverfity in buildings, that a -variety of modes may
be adapted to produce the fame effe@.  The appli-
cation of the principles muft then be regulated by cir-
cumftancesy, and by the difcretion of the archite®,

A few general hints will however ferve to facilitate
the procefs. If the kitchen be conne@ed with the-
houfe by a paffage, or by any other means, it becomes

1) g
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neceflary to apply an air-du@ of confiderable fize for
the ufe of that room alone. The area of the tube
thould not be lefs than a hundred and forty-four inches
in a moderate kitchen; for if the chimney there have
not a full fupply independently, it will draw air from
fome or all of the chimneys in the houfe.

Different modes may be adapted to anfwer this
purpofe :

1. A perforation of twelve inches f{quare may be
made in the kitchen wall near the bottom, to which a
tube muft be fitted as ufual.

2. If circumftances do not allow of fuch an opening,
air may be admitted by raifing the fafh five or fix inches
above the fill, and applying a board at about the fame
diftance from the window to dire& the ftream of air
toward the ceiling. This board fhould be one foot
broad, or fomewhat more, and may be fufpended on
hinges fo as to let down in the night, if the window-
fhutters require to be then clofed. In lofty kitchens,
where there are {mall fathes, one of the windows is
often hung upon an axis horizontally, fo as to open
or fhut, at pleafure, by a line fixed toit. The inclina-
tion of the open windows affords a fupply of air to
the chimney, and defends the floor from rain; butit
does not prevent the inconvenience from the wind
blowing downward into the room.
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In fome rooms where it is not convenient to make a
perforation, air may be admitted between the folding of
the fa'h-frames *, by cutting away about the eighth of
aninch from the frame, leaving the whole fubftance at
each ftyle. This s only practicable when there are
thutters on the outfide, and not on the infide of the
window. For by infide thutters the current of air up-
ward is obftiuéted; whence it iu’hes through the crevices
in various direétions, and produces unpleafant effe@s.

When rooms are inlelted with fmoke, and cannot be
conveniently fupp'ied with a current of air from with-
out, another expedient for clearing them, is to increafe
the rarefacion of the air in the chimney, by contrat-
ing its opening above the fire-place +, as reprefented,
fig. 17, which plan likewife an(wers other ufeful pur-
pofes; for when chimneys are too capacious at their

®* On a plan fomewhat analogous to the above, the wards of St. Thomas’
Hofpital were ventilated, under the direStion of Mr. WHITEHURST.

In every {vcond window, about an inch and a half of each pane in the bottom of
the upper fufh is cut away. A frame of glafs, nearly. two feet in width, is fet
acrofs the window, refting upon the top of the upper fafh, and faftened to it by
hinges. The frame can he moved on the hinges, fo as to make a greater or lefs
angle with the window, and by that means admit more or lefs air at pleafure. The
air which enters between ithe falh-s being direlted by the frame toward the ceiling,
is diffufed through the ward without any percept ble current.

4+ This part of the fubjedt has been amply conlidered in a work, entitled, A
¢ pradtical Treatile on Chimneys,” firft publifhed in the Encyclopedia Bri-
tannica, and afterward [eparately.—Edinburgh, 1776.
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Jower part, much cold a'r flows into them at fo great
a diftance from the fire, thar the warm air is condenfed
again by it, which not only retards the afcent of the
imoke, but alfo renders the room extremely cold. The
contra&ion of the fire-place, as above propofed, is alfo
ferviceable in old buildings, where the fmoke of two
or more fires is thrown into one tube, and often falls
back into fome of the rooms. It does not however, in
all cafes, prove effectual without the application of air-
dués, as formerly direGed.

A fimilar plan is now very generally adopted, with
an intention to produce a more uniform temperature in
rooms, by regulating the quantity of air to be tranf-
mitted to the chimney. If but a {mall quantity afcends
in the chimney, it is obvious, that a proportionately
{fmall quantity muft be admitted from without; and
therefore more heat will be retained 'in the room.

One mode of executing this plan, is by a plate fliding
ina groove over the fire, asataafig. 17. This groove
{hould not be made horizontal, but to afcend about
two inches from thie front to the back of the chimney;
and the plate hould not extend quite acrofs the chim-
ney, but leave an opening of at leaft an inch wide.

~ Another 'mode adapted to the dame purpole, is the
regifter-flove, now in common ufe. It is more ele-
gant than the former, and very convenient, if due















































































































