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ECONOMICAL USE OF COAL FOR STEAM-RAISING
AND HOUSE HEATING

INTRODUCTORY.
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PART 1

GENERAL PRINCIPLES OF THE COMBUSTION OF COAL, AND
F'HE GENERATION AND USES OF STEAM.

Energy contents of coal. 1
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to reduce the area of the grate. It is also advisable to use fire bars with
as large a percentage of air space as possible;  but eare should be taken
when the coal contains many small pieces to see that the openings are
not large enough to permit much unburned coal to pass through to the
ash-pit.

Heat Transmission.—In a boiler, heat is transmitted from the
incandescent fuel bed, flames and hot particles in the gases, to the boiler
heating surfaces, by radiation; from the hot gases to the boiler plates and
tubes, by convection; from the hotter to the cooler metallic walls of the
hoiler, by conduction; and again by convection from the metallic walls to
the water in the boiler.

Radiation.—The intensity of the heat rays emitted by radiation
inereases very rapidly with the temperature of the bodies emitting them,
and these heat rays will be partially absorbed by those parts of the boiler
to which they are exposed.  In many boilers, from 30 to 40 per cent of the
total heat used for steam-raising is transmitted by radiation.  In other
boilers which have separate furnaces enclosed by brickwork, the heat
transmitted to the water by radiation will be far less.  Brick enclosed
furnaces are used to ensure more complete combustion, by radiating and
reflecting most of the heat received from the burning fuel, and thus main-
tnnnu. a temperature in the furnace higher than that \\lm-h would exist
in a furnace enclosed or partially enclosed by substances which absorb
more heat rays—such as the plates and tubes of the boiler.  The heat loss
through the walls of a separate furnace; its first cost and cost of main-
tenance; and the reduced quantity of heat transmitted by radiation, reduces
the field for its application to those highly volatile coals, whose volatile
portion does not burn completely in the furnace of an ordinary boiler.

Convection. —The rate of transference of heat from the hot gases
which leave the combustion chamber, to the walls of the boiler heating
surface, increases with the velocity of the gases and the difference between
their temperature and that of the heating surface.  The principal fall
in temperature between the body of the gases and the water in the boiler,
takes place across a thin film of gas which adheres to the heating surface.
At high speeds of gas flow, the hot gases displace more rapidly than with
low speeds the comparatively cool gas in the above-mentioned film. It
is important, therefore, to see that suitably high speeds are maintained
by baffles, or other restrictions in the path of the gases. The economical
limit to the restrictions imposed is reached, when tlu- cost of any increase
in the power to drive the fan, or of a larger chimney to exhaust the gases
against the greater resistance due to their higher velocity, would not be
compensated for by the increased rate of heat transmission.

Heating surface.— The gases of combustion entering the flue from
a boiler, are hotter than the steam and water inside the boiler. By in-
creasing the area of the heating surface over which the gases must travel,
this temperature difference can be reduced more and more, until the gases
leave at practically the temperature of the steam. But the amount of
heat which passes through each square foot of heating surface decreases
as the gases cool in passing through the boiler; and it is not economiecal
to add heating surface beyond a point where the heat transmitted through
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some coals from forming clinker. But for continuous use they are not
recommended, sinee they use more steam than a good steam driven fan, and
none of the waste steam is available for heating the feed water.

Heat loss from steam pipes.—A hure steam pipe of 6 inches diameter,
containing steam at 100 pounds per square inch pressure, loses heat
equivalent to about three-fourths of a pound of steam per hour, for every
square foot of its surface exposed to the air. A covering of good insulating
material will reduee this loss to an extent which depends upon its quality
and thickness.  Usually, it reduces it to about one-sixth to one<tenth of
its former value,  There are very few installations in which it does not
pay to cover the steam pipes.  Before the owners of the plant purchase
a steam pipe covering they should obtain guarantees from the maker that
the material will save a definite quantity of heat, and that it will not
deteriorate with usage.  The higher the temperature in the pipe, and the
smaller the diameter of the pipe, the greater are the heat losses per square
foot of exposed area, and, therefore, the greater the amount which may,
economically, be expended on a covering.

Boiler blow off valve.—This valve is frequently out of sight and may
leuk unknown to those responsible for the care of the plant. If possible
it should be exposed to view, or if not it should be examined at frequent
intervals,  When it is necessary to blow off through this valve periodieally
to remove scale, eare should be taken to limit the quantity of hot water
leaving the boiler.

Steam for drying.— Whenever steam is used for drying, it frequently
happens that it is insufficiently controlled. Thus when used for drying
substances it may be wasted l»\ permitting it to flow through steam coils
long after the substance has become sufficiently dry. Also the air may
not circulate round the substance sufficiently well to remove the vapours;
or, it may circulate unevenly, drying one portion of the product more
quickly than another.  An approximate estimate of the efficieney of the
drying process is a great help in making improvements,  This may be
obtained by dividing the loss in weight of the substance dried by the
quantity of steam used to dry it.

Steam for heating buildings.—To keep the interior of a building
at a temperature higher than the outside air, it is necessary to supply heat
continuously to compensate for the loss of heat through the walls of the
building by conduetion, and the loss of heat due to the infiltration of cold
air which passes out again at the temperature inside. Both these losses
inerease proportionally with an increase in the difference in temperature
inside and outside. It is important therefore to carefully keep down the
inside temperature to as low a degree as possible without causing dis-
comfort to the people in the building. This temperature is not easy to
define, it is lower when the air is humid or when the oceupants are doing
physical work. Unless the air which passes into a house is permitted to
take up moisture, it will hold only the quantity of moisture it held when
outsic . And since the air eontains more moisture in the early and late
heating =eason than in the much colder midwinter months it follows that
builCiugs will be comfortable at a lower temperature early and late in the
seas .. than in midwinter,




The air used to ventilate buildings is sometimes moistened.  This is
an excellent way of supplying air, and when used, the building is more
comfortable at a temperature about 10° 1. Jower than, when additional
steam does not partially saturate the air.  But while most desirable from a
hygienie viewpoint, it is not economical since more coal is used to evaporate
the water into the steam which passes in with the air, than is saved by
reducing the inside temperature below that required when the air is not
moistened

It would be well to arrange for standard indoor temperatures at which
buildings should be kept according to the temperature which prevails
outside.  When the air is partially saturated artificially throughout the
year, this temperature should remain constant at about 62° 1. But where
no means are provided for artificial humidifieation, it should vary with
the outside temperature somewhat as follows:

Temperature outside © ¥ Temperature nside © 1
H GO (No heat supply
10 (42
20 6t
0 HN
20 i
At the present time 68° F. i recommended as a0 maximum, and very
little or no discomfort need follow from keeping down the maximum
temperature to this limit Onee the standard is fixed, it is necessary to

maintain it all over the building, and to shut off or eut down the steam
supply to radiators in places where the temperature exceeds the standard
Much fuel may be saved also by stopping up all eracks through which air
may pass and by keeping all doors closed. 1t is often possible to reduce
the heat lost by conduetion through the walls and roof of the building,
and eare should be taken to see that all new buildings are properly con-
structed and that good heat insulating materials are used.

Exhaust Steam Heating.— Whenever steam power and steam for
heating are required, large quantities of fuel may he saved by using the
exhaust steam from the engine for heating instead of live steam from the
boiler.  The substitution of a simple steam engine with exhaust steam
heating for an installation consisting « compound condensing steam
engine and live steam heating, should result in the saving of about one-
fourth of the former coal bill,

Measurements and control.—In every plant, as complete records
as possible should be kept of the heat used and heat lost—from the coal
pile to the finished product. Hot water or steam going to waste represents
coal, and if expressed in tons of coal per year, the result is often startling.
By weighing all the coal used in the boiler room, and measuring the steam
passing from, or the water fed to, the hoiler by some meter, or, if no meter
is available, roughly by a counter on the feed pump, it is possible to aseertain
if a good evaporation per pound of coal is maintained. A low evaporation
may be due to cold feed water, poor coal, poor firing, insufficient draft, a
dirty boiler, broken baffles in the nests of tubes of water tube boilers, or
leaky brickwork. To aid in discovering to which of the above eauses the
low evaporation is due, it is advisable to install the following instruments,
some at least of which should be recording




(1) Steam pressure gauge.

(2) Thermometer, to measure the temperature of the feed water,

(3) Thermometer, to measure the flue gas temperature,

(4) €Oy recorder or flue gas analysis apparatus.

(5) Draft gauges to measure the difference in draft above and below
the fire bars, and the difference in draft between the combustion
chamber and exit fue,

SuMMARY OF Losses, axp Precavrions 1o se TAKEN,

i. Excess Air.—This is determined by flue gas analysis. Take
oceasional samples from the furnace as well as the flue, and if they differ,
air is leaking through the setting.  The remedy is to look for eracks and stop
them up, or if it be due to porous brickwork, coat the brick with sizing or
other non-porous substance.  The air leakage into the furnace and through
the setting always increases with an increase in the “pull” of the fan or
chimney. It is advisable, therefore, to always reduce this by elosing the
damper in the smokestack at the lower rates of steaming, instead of elosing
the ash-pit door,

Holes in the fire bed will also eause exeess air, hence care should be
taken to avoid them. When draft gauges measuring to 1 100 inch of
water are used, they will show a marked reduction in the draft, when there
are holes in the fire.

ii. Incomplete combustion of gases.—An unalysis of the flue
gases will indieate, by the percentage of carbon monoxide (CO) present,
whether combustion is complete.  Carbon monoxide is not the sole com-
bustible gas wh'ch leaves the fire, other gases—prineipally hydrogen (H,),
and methane (CHy), both formed by the distillation of the coal, accompany
it.  But it is more easily detected by analysis than the other gases. To
burn these gases, it is necessary to mix them at a temperature above their
ignition point, with a secondary supply of air, and to provide a furnace large
enough to give them time to burn. By firing small quantities of coal
frequently, the quantity of combustible gases passing through the furnace
will not vary so much between the times of firing as when larger charges
of coal are fired at longer intervals, It is necessary to remember that it is
not economical to burn these gases by admitting a very large supply of
air over the grate, since this would render the increase in loss due to excess
air greater than the gain due to the use of the heat generated by the
additional gas burnt.  The exact quantity to be admitted, must be carefully
adjusted by careful experimenting with each particular fuel and boiler.

iii. Incomplete combustion of the solid combustibles.—Soue
solid combustibles which consist principally of carbon, pass through the
air spaces in the grate bars, and are removed from above the grate bars in
cleaning the fire.  This loss is greater when coals are used which contain
a large amount of ash, and when the ash melts at a low temperature
permitting the formation of clinkers. To reduce this loss, grate bars must
be used which are the most suitable for the size of coal and fusing pro-
perties of the ash. In order to decrease the tendency to form clinkers,
thin fires should be carried. Steam passed in with the air supply below
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PART 11
DOMESTIC HEATING
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Burning the coal.
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GENERAL PRINCIPLES OF THE COMBUSTION OF COAL. AND
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to reduce the area of the grate. It is also advisable to use fire bars with
as large a percentage of air space as possible;  but care should be taken
when the coul contains many small pieces to see that the openings are
not large enough to permit much unburned coal to pass through to the
ash-pit,

Heat Transmission. In a boiler, heat is transmitted from the
incandescent fuel bed, flames and hot particles in the gases, to the hoiler
heating surfaces, by radiation; from the hot gases to the hoiler plates and
tubes, by convection; from the hotter to the cooler metallic walls of the
boiler, by conduction; and again by convection from the metallic walls to
the water in the boiler.

Radiation, — The intensity of the heat rays emitted by radiation
increuses very rapidly with the temperature of the bodies emitting t|wm.
and these heat rays will be partially absorbed by those parts of the |
to which they are exposed,  In many boilers, from 30 to 40 per cont of llu-
total heat used for steame-rnising is transmitted by radiation.  In other
boilers which have separate furnaces enclosed by brickwork, the heat
transmitted to the water by radiation will be far less.  Brick enclosed
furnaces ure used to ensure more complete combustion, by radiating and
reflecting most of the heat received from the burning fuel, and thus main-
taining o temperature in the furnace higher than that which would exist
in a furnace enclosed or partially enclosed by substances which absorh
more heat rayvs—such as the plates and tubes of the boiler.  The heat loss
through the walls of a separate furnaee; its first cost and cost of main-
tenance; and the reduced quantity of heat transmitted by radiation, reduces
the field for its application to those highly volatile coals, whose volatile
portion does not burn completely in the furnace of an ordinary boiler.

Convection. —The rate of transference of heat from the hot gases
which leave the combustion chumber, to the walls of the boiler heating
surface, increases with the veloeity of the gases and the difference between
their temperature and that of the heating surface.  The principal fall
in temperature between the body of the gases and the water in the boiler,
takes place across a thin film of gas which adheres to the heating surface,
At high speeds of gas flow, the hot gases displace more rapidly than with
low speeds the comparatively cool gas in the above-mentioned film. It
15 important, therefore, to see that suitably high speeds are maintained
by baffles, or other restrictions in the path of the gases. The economical
limit to the restrictions imposed is reached, when the cost of any increase
in the power to drive the fan, or of a larger chimney to exhaust the gases
against the greater resistance due to their higher veloeity, would not be
compensated for by the increased rate of heat transmission.

Heating surface.— The gases of combustion entering the flue from
a boiler, are hotter than the steam and water inside the boiler. By in-
ecreasing the area of the heating surface over which the gases must travel,
this temperature difference can be reduced more and more, until the gases
leave at practically the temperature of the steam, But the amount of
heat which passes through each square foot of heating surface decreases
as the gases cool in passing through the boiler; and it is not economical
to add heating surface beyond a point where the heat transmitted through
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als from forming clinker. But for continuous use they are not
recommended, sinee they use more steam than a good steam driven fan, and
none of the waste steam is available for heating the feed water

some ¢

Heat loss from steam pipes. bare steam pipe of 6 inches dinmeter,
containing steam at 100 pounds per square el pressure, loses heat
equivalent to about three-fourths of a pound of steam per hour, for every
square foot of its surface exposed to the air. A covering of good insulating
material will reduce this loss to an extent which depends upon its quality
and thickness,  Usaally, it reduces it to about one-sixth to one-tenth of
its former value,  There are very few installations in which it does not
pay to cover the steam pipes.  Before the owners of the plant purchase
u steam pipe covering they should obtain guarantees from the maker that
the material will save a definite quantity of heat, and that it will not
deteriorate with usage.  The higher the tempersture in the pipe, and the
smaller the diameter of the pipe, the greater are the heat losses per square
foot of exposed area, and, therefore, the greater the amount which may,
economically, be expended on a covering

Boiler blow off valve. — This valve is frequently out of sight and may
leak unknown to those responsible for the care of the plant. I possible
it should be exposed to view, or if not it should be examined at frequent
intervals.  When it is necessary to blow off through this valve periodieally
to remove seale, eare should be taken to limit the quantity of hot wuter
leaving the boiler,

Steam for drying. W henever steam is used for deying, it frequently
happens that it is insufficiently controlled.  Thus when used for drying
substances it may be wasted by permitting it to flow through steam coils
long after the substance has become sufficiently dey,  Also the air may
not eireulate round the substance sufficiently well to remove the vapours;
or, it may cireulate unevenly, drying one portion of the product more
quickly than another.  An approximate estimate of the eficiency of the
drying process is a great help in making improvements,  This may be
obtained by dividing the loss in weight of the substanee dried by the
quantity of steam used to dry it

Steam for heating buildings. To keep the interior of a building
at a temperature higher than the outside air, it is necessary to supply heat
continuously to compensate for the loss of heat through the walls of the
building by conduction, and the loss of heat due to the infiltration of cold
air which passes out again at the temperature inside.  Both these losses
increase proportionally with an inerease in the difference in temperature
inside and outside. 1t is important therefore to carefully keep down the
inside temperature to as low a degree as possible without causing dis-
comfort to the people in the building. This temperature is not easy to
define, it is lower when the air is humid or when the occupants are doing
physieal work. Unless the air which passes into a house is permitted to
take up moisture, it will hold only the quantity of moisture it held when
outsic And since the air contains more moisture in the early and late
hesting =enson than in the much colder midwinter months it follows that
builc s will be comfortable at a lower temperature early and late in the
seas .. than in midwinter,
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(1) Steam pressure gauge

(2) Thermometer, to measure the temperature of the foed water

(3) Thermometer, to measure the flue gas temperature

(4) €Oy recorder or flue gas analysis apparatus

(5) Draft gauges to measure the difference in draft ahove and below
the fire bars, and the difference in draft hetween the combustion
chumber und exit flue

BuMMARY oF Lossks, AND PrEcAUTIONs 10 BE TAKEN,

i. Excess Air.,—This is determined by flue gas analvsis, Tk
occasional samples from the fur s well as the flue, and if they differ,
air is leaking through the setting.  The remedy is to look for eracks and stop
them up, or if it be due to porous brickwork, coat the brick with sizing or
other non-porous substance.  The air leakage into the furnace and through
the setting always increases with an inerease in the “pull” of the fan or
chimney. It is advisable, therefore, to always reduce this by elosing the
damper in the smokestack at the lower rates of steaming, instead of closing
the ash-pit door

Holes in the fire bed will also eause exeess air, henee care should be
taken to avoid them. When draft gauges measuring to 1 100 inch of
water are used, they will show a marked reduction in the deaft, when there
are holes in the fire

ii. Incomplete combustion of gases. - An analysic of the flue
gases will indicate, by the pereentage of earbon monoxide (C'O present,
whether combustion 15 complete,  Carbon monoxide is not the sole com-
bustible gas which leaves the fire, other gases—principally hydrogen (Hy),
and methane (CHy), both formed by the distillation of the coal, sccompany
it. But it is more easily detected by analysis than the other gases. To
burn these guses, it is necessary to mix them at a temperature sbove their
ignition point, with a secondary supply of air, and to provide a furnace large
enough to give them time to burn. By firing small quantities of e
frequently, the quantity of combustible gases passing through the furnace
will not vary so much between the times of firing as when larger charges
of conl are fired at longer intervals. It is necessary to remember that it is
not economical to burn these gases by admitting a very large supply of
nir over the grate, sinee this would render the inerease in loss due to excess
wir greater than the gain due to the use of the heat generated by the
additional gas burnt.  The exact quantity to be admitted, must be carefully
ndjusted by carcful experimenting with each particular fuel and boiler,

ili. Incomplete combustion of the solid combustibles. —Some
solid combustibles which consist principally of earbon, pass through the
air spaces in the grate bars, and are removed from above the grate bars in
cleaning the fire. This loss is greater when coals are used which contain
a large amount of ash, and when the ash melts at a low temperature
permitting the formation of elinkers.  To reduce this loss, grate bars must
be used which are the most suitable for the size of coal and fusing pro-
perties of the ash. In order to decrease the tendency to form clinkers,
thin fires should be carried. Steam passed in with the air supply below




iv. Hot flue gases

v. Radiation Losses

vi. Heat Transmission

vii. Exhaust Steam

vili. Heating Buildings

ix. Drying Products

X. Measurements




DOMESTIC HEATING

Femperature

Humidity in the house
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Air leakage into the house

Regulating the furnace




Burning the coa




Chemic to improve combustion

\ir leakage into the furnace

Soot removal
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Covering the furnace ind water pip«




ON THE SAFE STORAGE OF COAl







