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PLATE I

Fire-place of a studio at Terre Neuve (Vendé), France. From
L’Eau Forte de, 1847.
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PLATE IIL

Fire-place in a peasant’s cottage in.Brittany. The abode of the
farmer often consists of a single room on the ground-floor, in which
it is no uncommon thing to find the beds of eight or ten persons,
the room serving as kitchen, parlor, bed-room, and cattle-stall at
once. The room shown in our plate has been somewhat modernized,
the colossal fire-place and mantel alone preserving its original ap-
pearance. The woodwork is of the period of Louis XIV. or XV.
The cut is from the Revue Générale de I’ Architecture et des Travaux
Publics, 1873. Vol. xxx.
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PLATE III

Fire-place in the Council Chamber of Courtray. Elizabethan
style.
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PLATE 1V.

Fire-place and chimney in the ‘¢ Salle de Mars,”” Chatean of
Frangois 1. at St. Germain en Laye, France. From Sauvageot
* Palais et Chateaux de France.”
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PLATE V.

Gothic mantel of stone in the Guard Chamber of the ancient
palace of the Dukes of Burgundy at Dijon, France: fifteenth century.
The style is late Gothic or Flamboyant ; the decorative screen work
is designed to screen the pyramidal flue of masonry behind it from
sight. There are several ancient Gothic fire-places with pyramidal
upper part existing in England, but they are all undecorated. In
France, a small concealed place or chamber was often constructed
behind the fire-place. The Duchess de Berry and her attendants
were captured in  one of these hiding places, having crowded more
into it than the place was intended to hold, and the soldiers having
made a large fire in front of them. The cut is from The Builder.
London. 1847.
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PLATE VL

Turkish fire-place at Kérésoun. This specimen of the Oriental
Art of the seventeenth century is in the Pacha’s Palace in the city
of Kérésoun (ancient Cerafonta), which stands on a rock on the
southern coast of the Black Sea.

The entire central frame of the fire-place is of a hard grayish stone,
somewhat resembling granite. The decoration of the mantel and of
the two sides, or, wings, ornamented with niches, is moulded plaster-
work vigorously retouched with the chisel. The whole is fitted in
the wooden facings of the walls, which are garnished with divans and
cushions. The climate of this country demanding often a speedy
and bright flame, the fuel is placed vertically, as in Persia. The
lighting is effected by means of dry aromatic herbs. From LAt
pour Tous, for 1861.
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THE OPEN FIRE-PLACE.

—_——

CHAPTER I
' THE OPEN FIRE-PLACE AS IT IS.

TrAT GREAT RaADIATOR of heat to all living beings, the sun,
furnishes those beings with the kind of heat best suited to support
the life which it has developed, namely, that of direct radiation.

If we would only accept this lesson, repeated every day, as if for the
purpose of giving it all possible emphasis, in a manner the most im-
pressive and with apparatus the most magnificent that nature can fur-
nish or the mind of man imagine; if we would accept the lesson, and
endeavor to heat our houses after the same principles, these houses
might be made as healthy as the open fields. We should be prompted
to respect more the open fire-place, as furnishing the best substitute
for the life and healt{: giving rays of the sun, and to discard all such
systems of heating as are opposed in principle to that employed by
nature.

With direct radiation the body is warmed, while the air breathed is
cool and refreshing. With the hot-air principle of heating the reverse
is the case, and it is found that, when this unnatural method is long
employed to the total exclusion of the natural, serious discomfort
and disease are the results. That warmn air is less effective than cold
in purifying the blood by removing the carbonic acid from the lungs
is demonstrated both by our own experience and by the investigations
of science. Experiments made on birds and animals have shown
that the amount of carbonic acid exhaled when breathing air heated
from 30° to 41° Centigrade (86° to 106° F.) is less than one half that
exhaled when the temperature is near the freezing point.

The open fire, while it radiates an agreeable heat upon our bodies,
animating us with a cheering and healthy glow or excitement, like
that produced by a bright sun on a frosty morning, leaves the air
comparatively cool, concentrated, and invigorating for breathing.

Now, although from the earliest times of which we have record the
open fire-place seems to have been the favorite device for heating
and ventilating the habitations of man; although no modern house is
considered complete without it either for use or for ornament; al-
though the physician regards it asa most valuable ally in the mastery
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of disease; and although its improvement has at all times claimed
the attention of the most distinguished scientists and philanthropists,
as well as of the practical mechanic; yet we find it to-day so little
understood and generally so incorrectly constructed that at least
seven eighths of the heat of the fuel is lost, and its capabilities as a
ventilator are almost entirely neglected, so that our fire-places may
be properly described as devices contrived in the interest of the coal
merchant for the purpose of carrying up to the roof, in the form of
smoke, the greatest possible amount of money, and of leaving the
smallest possible amount of comfort behind. My definition of the
word *‘chimney’’ would be this: A long tube open at both ends,
the lower opening, called a « fire-place,” being used to receive fuel
and to emit smoke; the upper, to direct upon the roof from eighty-
five to ninety-five per cent of the heat and smoke generated bélow ;
generally so constructed as to carry off as much of the warm air of
the room as is pure enough to be breathed, and cause large draughts
of cold air to supply its place by rushing across the feet of the occu-
pants in the manner best calculated to give them rheumatism, con-
sumption, pneumonia, and other diseases. To complete the appa-
ratus, screens are sometimes added to ob-truct the circulation in the
apartment.

WASTE OF HEAT.

In the city of Paris, according to M. V. Ch. Joly, there are used
annually, for heating purposes, over 500.000 cubic meters of fire-
wood alone, costing about twenty-five million francs, and of this only
eight to ten per cent, or in value about two million francs, are actually
turned into serviceable heat. The remainder, to the value of about
twenty-three million francs, annually disappears in the air without
profit to any one. “ What must we estimate the total amount of an-
nual loss,” says an eminent writer on ventilation, ‘¢ in fuel, both of
wood and coal, throughout the entire world, when we consider that
the open fire-place is used to-day by over fifty millions of people!”’

DANGEROUS DRAUGHTS AND IMPERKFECT VENTILATION.

The *¢ Encyclopsedia Britannica” has on ventilation the follow-
ing: “ An open fire-place, unless the air enters from the ceiling,
often produces little or no ventilation above the level of the chim-
ney piece, and. even then, it does not afford the best and purest
atmosphere. The air above may be comparatively stagnant, and of-
fensive in the extreme from the products f combustion and respira-
tion, while a fresh current moves along the floor to the fire-place.”’

So great is the danger from cold draughts occasioned by open fire-
places as they are now constructed that one is said to be less liable
to take cold standing in the open air, with the thermometer at freez-
ing point, than sitting on such a day in a room heated by a bright
open fire. So unequal is the distribution of heat in such a room that
water may be frozen in one corner near the window draughts, and
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boiled in another near the fire, and it has even been found possible
to roast a goose in front of such a fire, while the air flowing by it into
the chimney was freezing cold.

¢ I have nodoubt in my own mind,” said Count Rumford, ¢ that
thousands die in this country every year of consumption, occasioned
solely by this cause.”

In short, it would be difficult to point out any part of our usual do-
mestic edifices which would show such a total absence of scientific
principles as the construction of our fire-places and chimneys.

PRACTICAL EXPERIMENTS ON THE WASTE HEAT AND AIR CUR-
RENTS.

The best authorities put the waste heat of our fire-places at from
eighty to ninety-five per cent, depending upon the shape of the fire-
place, the nature of tﬁe fuel, the amount of the draught, and the size
and nature of the flue; but I have been unable to find any satisfactory
records of experiments made to corroborate their statements. Those
made by General Morin answer most nearly, but still not entirely,
our questions. I have therefore made a number of careful experi-
ments, the results of some of which are given in the accompanying
tables.

The first six experiments were made in houses built on the new
land on Marlborough Street,andthe __ .
second series of* five on the house
No. 4 Pemberton Square, Boston.

The grates, fire-places, and flues |== =
tested were of the so-called *‘most
approved ’ modern construction, N Soemt ]
and calculated to utilize the great- R
est amount of heat possible without
T

ULIALALL
H

employing the peculiar or patented =
forms invented by Franklin, Gal-

ton, Winter, Gauger, Fondet, Joly, Jint

and others, little known in this coun- 4

try and difficult to obtain and set. The
fire-place and grate used in the second

2 series of experiments recorded in the ac-
companying tables are represented in front

elevation in Fig. 1, and in section in Fig. 2.

é 4 The dotted lines show the form of the
Y, back only of the fire-place used in the
first series of experiments, the sides form-

ing an angle of 135 degrees with the back,

Figl to improve their reflecting power. In the

second series the fire-place was smaller,

shallower, and the sides were at right an-
7 gles with the back, the upper half of which
inclined forward as shown in Fig. 2.
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The entire length of the flue in this case was seventy feet. Half
way up, or thirty-five feet from the fire-place, an opening was made
in the flue large enough to receive a chemist’s Centigrade thermome-
ter, and the heat was tested at this point during the experiments in
order to ascertain the amount lost by absorption in the upper half of
the chimney. The thermometer was surrounded by putty to render it
air-tight. When the readings were taken it was drawn out through
the putty far enough to see the head of the mercury column and then
pushed back into its place. These readings were recorded by an as-
sistant in columns 6 and 16 of the tables.

For want of space only two of the tables are given, the others
agreeing substantially with them, and the results being nearly the
same.

The anemometer used was one of Casella’s most delicate instru-
ments, lately imported from London. A careful test previously to
making the experiments proved it to be exceedingly accurate and
reliable. Where possible the observations were made every minute,
but where this was impracticable the intervals were made as small as
possible, and the figures for the intervening moments were obtained
by calculation. The amount of wood burned in each experiment was
exactly three kilograms.!

From these tables it will be seen that the amount of heat dissipated
in the open air through the mouth of the chimney from the combus-
tion of 3 kilograms of dry pine wood is sufficient to raise the temper-
ature of nearly 16,000 cubic meters of air 1° Centigrade, according to
the first experiment, or 16,980 cubic meters according to the second
experiment ; giving an average of 16,488 cubic meters raised 1°.
This is equivalent to 5,070 units of heat, or enough to raise the tem-
perature of over 5 tons of water 1° C., or to raise 50 kilograms of
water from freezing to boiling point.

The greatest possible amount of heat which 8 kilograms of dry
pine wood is capable of yielding being, according to Rumford, 3,590
X 8 =10,770 units, we see that one half of the heat generated passes
at once up through the chimney and out at its mouth. Of the re-
mainder we shall hereafter see that about four-fifths is absorbed in
the brickwork, and either given out from the surfaces of the outer
walls, or carried up in the air space between the studding and the
brickwork to the roof, whence it radiates into space.

1 In this article I shall use the metric weights and measures, both because the calcula-
tions are made easier by so doing, and because these units have been adopted by most of
the writers on the subject whose works we have oceasion to consult.

1 kilogram or kilog. — 2.2046 or 2.2 pounds avoirdupois.

1 meter — 3.28 feet ; 1 square meter — 10.8 square feet ; 1 cubic meter — 35 cubic feet.

1° Centigrade — 1.8° Fahrenheit.

1° Fahrenheit — 0.56° Centigrade.

1 metric heat unit or calorie is the t of heat required to raise 1 kilog of water
1° Centigrade.

1 calorie = 8.968 English heat-units.




TABLE I.

EXPERIMENT No. 1. May 24, 1878, ExPERIMENT No. 2. May 25, 1878,
Outside Air from 15.5° C. to 12° C. Outside Air 18° Centigrade.
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In column 9 of the preceding table the italic capitals refer to the firat experiment., while the small
italic_letters refer to the second experiment. A, fire lighted ; B, full blaze : C, fire declines ; D,
fire faint; E, fire ont: F, no more heat in cinders. a, fire lighted ; b, full blaze ; c, fire declines ;
d, fire faint; e, fire out: f, no more heat in cinders.
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By columns 2 and 12 we see that before the fire is lighted a venti-
lating draught of 78 meters per minute is caused by a difference of
but 2 or 3 degrees in the temperature of the air in the chimney flue
or house, and that of the outside air. But gs this difference increases
after the fire is lighted until it reaches 70° and 75°, as given in
columns 4 and 14, we find the velocity of the draught rising to 285
meters per minute. Thus we have a chimney throwing out hot air
raised nearly to the boiling point of water at the rate of 285 meters
or nearly 1,000 feet a minute! Yet in some of the chimneys tested
on the Back Bay the waste was found to be much greater, one chim-
ney giving out heated air at the rate of over 1,600 feet per minute
raised to about the boiling point | What might the saving be, if all
this heated air could be separated from the smoke, partially cooled by
dilution with fresh cool air, and brought into the house for use!

Returning to our table we find by columns 6 and 16 the tempera-
ture of the draught at the middle of the flue and, by calculation, an
average of 885 heat units absorbed in the upper half of the chim-

ney.

ilow we know that the heat generated by our fuel is of two kinds,
of which one is given up to the air snpporting combustion, and
passes entirely away with this air up chimney in combination with
smoke and vapor : while the other, and by far the smaller part, is
sent off from the fire in rays in all possible directions. This latter
part may be considered an uncombined heat, or heat combined only
with light as distinguished from that combined with smoke and air.
Thus only the radiated heat of the fire is used in ourrooms. The
experiments of Peclet show that the radiating power of wood is, under
the best possible circumstances, when the rays are all collected, only
23 per cent., leaving 77 per cent to pass off with the air of contact.
Therefore .23 10,770 = 2,477 units radiated in the case of our 3
kilograms of wood.

In the average fire-place only one-third of these rays, or in our
case 826 units, pass directly into the room, the rest falling upon the
N Zop. back, sides, or bottom of the fire-
5 place, or entering the flue through
the throat of the chimney.

In the fire-place represented in
Figs. 1 and 2 (see page 3, antc)
. | the back measures 2,500 sq. cm.,
Pack LS7cte| the sides 500 each, the bottom 500,
and the top 350, as per accompany-
o, | . s0ern. . ___. Lmoem]| ing diagram, making in all 4,350

s(f. cm., against 2,500 for the open-

| ing in front, so that the rays (n-

s tering the room directly amount to

§ Bostom. ES %, or, considering the portion

Fic. 8. ’ intercepted by the grate, to about

one third of the whole, or less than 8 per cent of the entirc heat gen-
erated by the fuel.

Af:l.
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To this 8 per cent must be added something for the return radia-
tion from the brickwork, because, although a large portion of the ra-
diated heat, striking the walls of the fire-place, is carried off by con-
tact of the cold air entering the chimney under the influence of the
draught, which, as we have seen, amounts to from five to fifteen hun-
dred feet a minute, and part is absorbed by the brickwork, yet a cer-
tain portion is returned by radiation and reflection into the room. A
simple calculation will give us the amonnt accurately enough for our
purposes. . The fire-place represented in our figures being small and
blackened with smoke on its sides as well as back, no reflected heat
could be counted upon. Moreover the radiating power of these walls
being inversely as their reflecting power, what we lose in reflection we
shall gain in radiation. The surface of the back, sides, and bottom
measures 4,000 sq. cm. According to Peclet 1 sq. meter of brickwork
radiates 3.59 units of heat per hour for 1° C. difference of temperature
between the radiating and the receiving surfaces. Therefore 0.4 sq. m.
would radiate 1.44 units per hour per 1° C. The temperature of the

TABLE II.

) Ap?::‘:‘, e'{;:‘m. Thermometer | Thermometer General

Time. Back of Fire- at;“ 50 coi. from g:‘e 1 m. from Remarks.
place. * °

8.32 — 190 190 Fire lighted.
8.37 —_ 43 34 Full blaze.
3.42 — 64 43 Declines.
8.47 —_ 5 43
8.62 215° 60 41 Fire out.
8.58 210 45 3¢
44 190 34 80
4.10 156 34 27
4.16 135 24
4.22 1156 27 24
4.28 100 22.6
4.34 90 24 22
5.3¢ 70 22 20
6.3 40 20 20

walls of the fire-place is shown in the second column of Table II., ther-
mometers being placed in different parts of the back of the fire-place
and the average temperature being taken. While the fire is burn-
ing brightly, the radiation from the walls of the fire-place would
be partially intercepted by the fire itself; but taking the average
temperature of “these walls during the first twenty minutes at
220° C., and supposing that only one half the radiation of these
walls was intercepted by the fire, fuel, grate, etc., and finding
20° C. to be the average temperature of the objects in the room,
we have 2202-20 =-100°.
1.4_4;1_00 = 48 heat units.
During the next six minutes the average temperature per minute
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being according to the table 210°, we have 210 — 20 — 190°, from
which we have, by calculating as before, 27.3 units radiated. Con-
tinuing the calculation in this way for each portion of the time, we
have, for the total amount of radiation from the walls of the fire-
place, 270 heat units,

Of this we may assume that one half was radiated into the room
and the other half lost, and we have 135 units (= {2 or {; of the
radiated heat striking the walls of the fire-place) returned into the
room to be added to the 826 units, or 8 per cent, of direct radiation.
This gives 961 units, or a little less than 9 per cent of the whole heat
generated, for our result. According to Peclet only 6 per cent is
realized instead of this 9 per-cent.

As for reflected heat, under certain circumstances a small amount
may be added to the above results when the sides of the fire-place
are kept white, or are tiled and of the proper inclination for reflect-
ing the rays. Inasmuch, however, as the radiation diminishes as
the reflection increases, this may here be neglected.

Duclot’s experiments show that the radiation from heated bodies
is much greater in proportion at very high temperatures than at
moderate. temperatures. But we have not added anything to our
figures for this, because we consider it more than balanced by losses
in other ways, such as that due to imperfect combustion of the fuel,
for which we have also made no account. It is estimated that with
the ordinary fire-place, about one eighth of the fuel is wasted in un-
consumed smoke.

Our 9 per cent so far found must, however, again be modified,
in consideration of the heat taken from the room by the cold air en-
tering the doors and windows under the influence of the draught.

In our case we have by Table I. an average of 833 cubic meters of
air, which must have passed through the room and into the fire-place
from the outside. The average temperature of the room and objects
contained in it having been raized one degree by the combustion of
our three kilograms of wood (the deors and windows having been kept
closed during the experiment), we have 833 X 1 X 1.29 X .24 —
258 units, or 3% — about } of the whole. Deducting 258 from 961
we have 703 units, or only 6 per cent of the heat generated by the
fuel, for the total amount of heat which can possibly be utilized from
wood fires under the best conditions and most perfect form of ordi-
nary fire-place, to say nothing of the fact that where the rooms are
{)rovided with the so-called ventilators near the ceiling, even this

ittle heat is carried off almost as fast as it is formed !

Deducting from the 10,770 units generated by the fuel the 703
units utilized by radiation and the 5,070 units escaping through the
chimney mouth into the atmosphere, together with the eighth lost in
unconsumed smoke, capable of generating 1,340 units, we have 3,660
units for the amount absorbed in the brickwork. Of this nearly
1,000 units were absorbed in the upper half. The remaining 2,660
must have been taken up by the lower half. In these experiments,
however, the flues were cold at the outset and the absorption on the
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part of the masonry was at its maximum. In winter, when the
flues are kept constantly heated, but little is absorbed by the brick-
work, its power of absorption being limited by the low conducting

ower of the material, and the amount lost at the top of the chimney
is correspondingly greater.

With coal fires more of the heat of combustion is utilized. Suppos-
ing that, under the best of circumstances and with coal having the
greatest radiating power, we adopt the fizure of Peclet of 50 per cent
for the radiating power, we have, as before, .50 X } 4+ (3 X }).50
=.24. From this 24 per cent deduct, as before, one quarter for
the amount returned up chimney by the draught, and we have 18
per cent for the total amount utilized, under the best possible eircum-
stances with the best possible fuel. According to Peclet only 12 per
cent instead of 18 per cent is realized from a coal fire.

RESULTS8 OF EXPERIMENTS.

Our experiments present the following curious results : —

1. Our three kilograms, or 6} pounds, of wood served to raise the
average temperature of our room less than one degree Centigrade,
although the heat generated by the wood was sufficient to raise the
temperature of 14 roums of equal size from freezing to 68° Fahren-
heit. (The room measured 20 X 20 X 10 feet.)

2. While our fire-place was only sufficient, with three kilograms of
dry wood, to maintain the temperature of the room at 1° C. (suppos-
ing the outside air stood at 0° C.) for a few minutes, the heat actu-
ally generated was sufficient to maintain the temperature at a little
below 20° C., or 68° F., and to pass fresh air, raised from freezing to
68° F., through the room for ventilating purposes at the rate of one

_ cubic metre a minute for two days of twelve hours each |

3. Supposing again that the outside air stood at the freezing point,
we shall see by consulting the third column of Table II. that a person
or object standing 50 cmns. distant from the fire would have been
heated by radiation up to 750 — 20° = 55° C., or 131° F., while the
air flowing by him into the fire would have stood scarcely a degree
above the freezing point. At this distance three men would intercept
nearly all the heat of the fucl, and all other parts of the room would
fall to the freezing point. This radiated heat itself would last at 55°
only about five minutes, when it would fall 15°, after which it would
continue to fall as shown in the table.

At a distance of one meter, a person would be warmed only to 48°
— 20° =28° C., and six men would appropriate the greater portion
of the heat of the fire, which would last, say, five minutes, and then
fall 9°. At a distance of two meters a person would be warmed
(according to another experiment not here recorded) only 7° C., and
at a distance of four meters only about 2° C. But if he happened
to stand anywhere in the room sheltered from the direct radiation of
the fire, he wwould enjoy a temperature scarcely half a degree above
the freezing point of water.
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4. According to our table three kilograms of dry wood cut small
served to give a bright fire only ten minutes, and burned out entirely
in twenty minutes. To keep a bright fire burning, as in this experi-
ment, or, as is done in many houses in cold weather, for a day of
twelve hours, would therefore require 144 kilograms of wood, which
according to Rumford are capable of producing 3590 X 144 =
516,960, or over a half million units of heat, which, if all were
utilized in the proper manner, would be enough to keep the tempera-
ture of the room up to 68° F. in freezing weather for about thirty
days of twelve hours each, equal to one month in midwinter, and
give a change of pure air equal to one cubic meter a minute, heated,
say, up to 60° F., for ventilation, during the whole time, it being sup-
{:osed that the adjoining rooms and those above and below were in-

abited and maintained at the same temperature, that the outside
wall was double as well as the window, and that the door and
window fitted well and were kept closed.

5. Finally, to raise the temperature of the room in which our ex-
periment was made up to 68° F. and maintain it at this temperature
during a single day of twelve hours, would (even supposing the
entrance of cold air were prevented in some way from increasing
with the increased heat of the fire) require 20 X 144 — 2880 kilogs.
of wood, or sufficient, if all were utilized, to maintain the room at
the same temperature and add to it a ventilation of one cubic meter
of fresh air per minute raised to 60° F. for twenty months of freez-
ing weather, or, allowing three months of such weather per year, it
would accomplish the heating and ventilation of the room for over
six years !

THE IDEAL FIRE-PLACE.

What now would be the action of a fire-place and flues ideally
perfect ?

Ideal perfection would imply : —

1. That all the heat generated by the combustion of the fuel be
utilized in heating and ventilating the house, and that the combustion
of the fuel be complete.

2. That the supply of fresh air introduced into the house to take the
place of the foul air removed be guaranteed perfectly pure ; warmed
in winter to a temperature somewhat below that of the room ; moist-
ened enough to give it its proper hygrometric condition ; abundant
enough to supply amply the fire and the occupants; so distributed
and located at its entrance as to cause no perceptible draught at any
point ; the gentle air current so directed that it should reach every
part of the room ; so steady that no part of it should pass over the
same spot twice or be twice breathed by the occupants ; and so regu-
lated by simple valves as to be under perfect control.

3. That the flues include a special gas ventilator so arranged that
all the heat generated by the combustion of the gas should be re-
tained in the room and utilized