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Tusulation cuts fuel costs and makes the home more comfortable. (See page 16)
This picture illustrates the application of fill imsulation to the sidewalls.
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Greater Economy and Comfort in
Heating Michigan Homes
By JESSE M. CAMPBELL?

Agour 7,500,000 TONS OF COAL ALONE ARE CONSUMED ANNUALLY BY THE
domestic heating plants of Michigan. It is possible for this heating job to
be done with less fuel. Users might enjoy a more comfortable house, and,

in some cases, have to make fewer trips to the basement if they would, insofar

as possible, do the following :

> 3

1. Study their heating requiremer

2. Stop avoidable heat losses from the house;

3. Recall principles of combustion and apply proper methods when fir-
ing the furnace, and

4. Finally, have the heating equipment cleaned at least once a year. It
should be studied for needed repairs and improvements at this time. Many
ing out of such a pro-
to give the Michigan
houscholder some information on residence heating in a nontechnical form.

persons do not have the information which the carry

gram requires, The purpose of this bulletin, therefore,

HEAT AND THE HUMAN BODY
Heat is a form of energy which is transferred or actually travels by three
methods :
1. CONDUCTION. Example: The handle of a frying pan becomes
too hot to hold directly in the hand although it is not touched by the
fire. Heat is conducted through the metal.

CONVECTION. Example: An automobile heater heats air, which
in turn passes over the passengers warming them. Heat from the
heater reaches the passengers by convection.

3. RADIATION. Example: The heat we get from the sun is radiated
to the earth. Heat travels from hot or warm bodies directly through

space to bodies of lower temperature.

:' \[t.cll'\n'cwl Fl-xinre ring, Michigan State College.
ofessors L. Miller, head of the Mechanical Engi
hc\—i of the \;,mnl ural Engineering Department for valuable assistance
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The human body is a heating plant, continuously generating heat by
oxidation of the foods taken into the stomach. The normal temperature in
the deeper parts of the body is 98.6° F. The body’s surface or the skin
temperature is lower, usually about 80° F. Some persons by nature gen-
erate and have to give off more heat than others. A human being is most
comfortable when the atmospheric conditions around him are such that heat

is leaving his body at the same rate it is being generated. A temperature of
70° F. is comfortable to most people indoors during the winter months,
though there are three other influences which'may cause the individual to
feel too warm or too cold when the temperature in the house is 70.

First, let us suppose the atmosphere in the house is very dry. This

causes moisture or perspiration to be evaporated at a faster rate than when

the atmospheric moisture is present in greater quantities. Since a relati
I
heat must be supplied by the skin surface which the moisture is on, a con-

at amount of heat is required to evaporate the moisture, and since this

siderable portion of the body heat may be removed in this way. The person
may feel cold.

Again, one may sit near a cold wall or a large cold window with an un-
drawn shade. Some of the body heat will be radiated directly to that cold
surface and a chilly sensation will be experienced.

[.:l.-l]_\'- i |'.'l]!;{] movement of air in the room causes heat to be removed
from the body faster by convection and the sensation, again, is that of being
to0 cold,

Raising the house temperature higher than 70° F. might permit a feel-

ing of comfort when any or all of the foregoing methods for the bady's heat

disposal are present to some extent,

HEATING PLANTS USED IN MICHIGAN
Gravity Warm Air Systems
The most widely used heating plant in Michigan employs air as the heat
carrier from the hot walls of the furnace to the various parts of the house.
Figure 1 shows a warm air heating plant using coal as a fuel and arranged
for hand firing, As the fuel burns, the heat liberated is transferred to the

air circulating upward in the jacket around the furnace walls. As the air is
heated it rises of its own accord through the leader pipes to the registers in
the rooms of the house. Dampers shown in the leader pipes control the
i|1lil111il}' of heated air ;.{n'mg to each room, Cold air from 1I|l:-i|.'{li1'.‘-i may come

down the stairway to the return air register in the floor at the foot of the

stairs, as shown, or it may be returned through individual conductors from

rs room. Cold air near the floor downstairs also may be returned

each upsts
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Fig. 1. Warm air furnace.

to the furnace through the single register at the foot of the stairs or through
individual pipes.

Pipeless and Floor Furnaces

Another form of warm air heating plant is shown in Fig. 2. This type,
having no individual piping to conduct the warm air throughout the house,

is known as the pipeless furnace. It is most satisfactory in compactly built
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houses where all of the space to be heated is interconnected by large door-
ways which may be continuously kept open. Cold air collecting near the
floor finds its way back to the return register which surrounds the warm air
register just above the furnace.

Floor furnaces which are small enough to be suspended from the ceil-
ing in the basement also use this principle of circulation.
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Fig. 2. Pipeless furnace.
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Forced Warm Air Systems

Many of the modern warm air furnaces, in their circulation of the heated
air, do not depend on the fact that warm air will rise. A blower draws the
return air through a filtering unit which removes dust particles. The air is
then forced through the jacket surrounding the hot walls of the furnace and
finally expelled in the various rooms of the house through registers which
efficiently mix it with the rest of the air in the room. Such a system of heat-
ing is known as a forced warm air heating plant. Since the air is circulated
by a blower, the furnace and its piping occupy much less space than the
so-called gravity warm air system shown in Fig. 1.

Hot Water Heating Plants

Hot water heating plants consist of a fuel burning boiler which is con-
nected by a system of pipes to radiators in the individual rooms of the house.
Fig. 3 illustrates such a system. The boiler, piping, and radiators are filled
with water. As the water is heated in the boiler it rises, passing through
the radiators where it gives up heat and then returns to the boiler. Heat is
given off by the radiators to the air circulating around them from the floor
toward the ceiling by convection. Furthermore, since the radiator is usually
warmer than other objects in the room, some of the heat it gives off is by
radiation. Water expands some when heated. This makes the expansion
tank a necessity because otherwise the pressure would rise within the system,
possibly damaging the radiators or the boiler. The radiators are provided
with an air valve which is so constructed inside that air in the radiator is
permitteq to escape while water is not.

Steam Heating Plants

Another type of heating plant used in some homes employs steam as the
carrier of the heat from the fire to the space to be heated. In these plants
water partially fills the boiler. Heat from the burning fuel heats the water
until steam is formed. The steam flows in pipes to radiators which are
located throughout the house. The steam condenses—that is, gives up heat—
and becomes water again in the radiators. If the water drains back to the
boiler through the single pipe which delivers the steam to the radiator, it is
known as the one-pipe steam-heating system.

Other steam-heating systems have a pipe delivering steam to the radiators
and a second pipe through which the water returns to the boiler. Although
these systems exceed the one-pipe system in original cost they may provide
a more even temperature in the house. Such systems are known as the two-

pipe steam and vapor system.
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Heating Stoves
Where homes having no basement use a heating stove without an air

jacket around its hot surfaces, a large amount of the heat will be given off

as radiant heat. The space immediately around the stove may be comfort-
able while other parts of the house are cold. If the heater is jacketed so that
cold air will be drawn from near the floor into the space between the jacket
and the hot walls of the heater and will flow upward and out of the jacketed
space around the top of the heater, a circulation of the heated air will be set
up all through the house very similar to that provided by the pipeless fur-

nace shown in Fig, 2.

Distribution
The distribution of various types of heating plants in Michigan in 1940

is shown in Table 1.

Tase 1—Distribution of heating plants in Michigan'

. . 3 Percent
Type of heating plant Number of
total
. . : -

Steam or hot water 270,603 | 10.6
Piped warm air 10.0
Pipeless warm air. . .. 2.7
Heating stove 36.7
Other or none 1.0
Total. .. 1,380,783 100.0

=United States Department of Commerce, Bureau of Census, Sirteenth Census of the
1940,

Advantages and Disadvantages
GRAVITY WARM AIR SYSTEM
Advantages: 1. Quick in response to heating demands
2. Low in first cost
3. Gives long period of service with little maintenance cost

Disadvantages: 1. Furnace must be centrally located in basement and, with
air pipes, takes up much room

(3%

May not satisfactorily heat rooms on the windward side
of the house

3. No means of filtering circulated air

4. May not provide even house temperatures
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PIPELESS AND FLOOR FURNACE

Advantages: 1. Lowest initial cost
2. May require little room in the basement

Disadvantages: 1. Must be used in small houses where the heated space
is interconnected by large doors which may be left
open

2. Generally does not provide sufficient heat in bathrooms

3. May produce cold drafts near the floors

FORCED WARM AIR SYSTEM

Advantages: 1. Quickest in response to heating demands and offers a
good means of controlling heat in all rooms of the house

2, Circulated air may be filtered
3. Well adapted to humidity control
4, May use small warm and return air registers located

in the walls instead of the floor

en

Takes up little space in the basement

Disadvantages: 1. Operation of fan adds somewhat to operating costs. Also,
if fan is not properly installed it may produce noises

[

Higher first cost than for other warm air systems. In-
stallation requires skilled mechanics

HOT WATER HEATING PLANT
Advantages: 1. Usually provides a rather even temperature in the house
2. A system well adapted to the use of farmers who may
wish to hand-fire the boiler with wood. Heat stored
in the water prevents a rapid drop in the house tem-
perature during periods when the fire is low

3. Boiler requires a relatively small space in the hasement

Disadvantages: 1. High first cost
2. Radiators, if not set in the wall, may interfere with
placement of furniture and cleaning in the house
3. Slow in response to a t‘|1itl1_1.{t' in the !u-:nin;: l'l"l“i'l'i'-
ments of the house

4, Subject to freezing if furnace fire dies out

Less adapted to use of low-grade coals
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ONE-PIPE S

EAM HEATING PLANT
Advantages: 1. Relatively low first cost
2. Boiler is small, requiring little room in the basement
Disadvantages: 1. May not provide even temperatures in the house, espe-
cially where boiler is hand fired
2. Radiators, if not set in the wall, may be in the way of
furniture and interfere with cleaning
3. If not installed by a reputable heating contractor, the

system may be noisy and fail to heat certain rooms of
the house

4. Subject to freezing if furnace fire is left unattended over
long periods

TWO-PIPE STEAM HEATING PLANT

Advantages: 1. This

stem, and especially the vapor system, may
provide very even temperatures throughout the house

2, Adapted to large buildings

Disadvantages: 1. Rather high first cost
2. Subject to freezing when furnace fire is left unattended
over long periods
3. Radiators, when not set in the wall may interfere with
placement of furniture and cleaning

HUMIDITY
The term relative humidity is used to specify the extent to which mois-
wure is present in the atmosphere. A relative humidity of 100 percent means
that a completely saturated condition has been reached. Lower percentages
mean less moisture. A relative humidity of 5 percent would mean a very dry
atmosphere,

What Humidity Is Best?

Effect of the humidity on health is not very well understood. Very low
relative humidities, less than 15 percent, are likely to damage certain articles
in the house. Such humidities may be found uncomfortable and should,
insofar as possible, be avoided. Humiditics of 40 to 60 percent are en-

joyed by most people. To keep the heated space mi istened to this extent during
the winter requires special humidifying equipment. Furthermore, frosting of
the windows will be found objectionable and condensation of moisture in

the walls or in the attic may oceur,
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Condensation in Walls

In houses where humidifying equipment is used which will keep the rela-
tive humidity at 40 percent or higher, or where there is much c oking or a
considerable use of hot water for baths, moisture will travel through the plaster
mto the walls in such quantities that some of it may be condensed in the
wall structure instead of passing on throtgh to the outside. Freezing of this
moisture in the wall may cause lifting and peeling of the paint on the house,
In the spring the accumulated frost thaws and may damage the materials in
the wall considerably before the moisture is evaporated.

The surest way to avoid trouble with condensation in houses not equipped
with vapor barriers is to provide humidities which probably should not exceed
30 percent during the coldest weather.

The attic space above insulated ceilings should be ventilated.

[Excessive moisture which occasionally comes from cooking, drying washed
clothes or prolonged use of hot water in the bathroom may be disposed of
by providing more ventilation in the affected loc ity for a short time.

In the new house construction asphalt paper, sheets of metal foil or some
other material known as a zapor barrier may be put on the warm side of
the insulation in the walls and ceiling as shown in Fig. 4. This should not
be omitted when building a new house if the higher humidities are wanted
during the winter months.

There is no satisfactory means of installing vapor barriers in walls or
ceilings after the plaster has been applied. Interior paints, especially those
having a high gloss, have been found helpful. Reputable dealers in paints

PLASTER
PLASTER BASE

VAPOR BARRIER

Fig. 4. Location of vapor barrier in a wall,
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and wall coverings may be able to suggest materials and a method of applica-

tion on interior wall surfaces which will resist the passage of moisture ito

the plaster and from there into colder parts of the wall where it may condense.

Humidifying Methods

The evaporating pan in the warm air furnace should be scraped out clean
and regularly filled with water. More evaporation may be had from pans
located in the honnet than those whose opening is just below the firing
door, Pans in either location are not likely to evaporate as much water as
neeced, but are a help.

Those having hot water or steam heating plants may place evaporating
pans on the radiators.

During the coldest weather, water evaporated from a vessel on the kitchen
stove is helpful.

Some warm air furnaces are provided with a means of spraying water
into the circulated air until the humidity in the house comes up to the setting
on the instrument, controlling the flow of the spray water. These furnaces
or air-conditioning units will provide almost any humidity desired.

INSULATION
Requirements

Insulating materials should be good heat insulators and should be fire-
proof or at least fire resistant. The material should repel vermin and be in
a form readily applied to the walls and ceilings of a house.

Types of Insulation

FILI. INSULATION is sold as loose material in the form of grains,
pellets or fiber-like particles

This form may be poured over ceilings, in un-
floored attics and leveled with a board or a garden rake. Also, it may be blown
into wall cavities or into ceilings having floored attics. The photograph on
page 1 shows insulation of this type being blown into the wall of a house.

RIGID INSULATION is us

measuring 4 by 8 feet. It is made from wood, sugar cane or other vegetable

ly sold as large structurally strong boards

fibers and may be applied as a sheathing under shingles or other exterior
wall structures or may be applied underneath the plaster on the interior side
of the wall. This insulation is most readily used in new house construction,
but may be employed when finishing off attics or recreation rooms in older
houses.

FLEXIBLE OR BLANKET INSULATION may consi
or may be any of the fill insulating materials placed between two pieces of

st of felted hair

water resistant paper and stitched or otherwise fastened so that it will not
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slip out of place. The blanket is sold in a roll, having the proper width and
with a paper covering folded and flattened along its edges so that it may be
nailed or tacked into place between the wall studs, ceiling joists, or rafters
underneath the roof. This insulation cannot be applied to the finished side-
walls of a house but may be used as a ceiling insulation for unfloored attics
or may be used in finishing off rooms in the attic. The paper covering on

blanket insulation may act as a vapor barrier,

INSULATING BATTS are similar to fill insulations except that the
material comes cut into rectangular sections which fit snugly between wall
studding, ceiling joists or rafters spaced at standard dimensions. The batts
may be encased in moisture-resistant paper as the blanket insulation.

METALLIC INSULATIONS are also excellent vapor barriers and
are placed in the walls or elsewhere so that either one or both sides of the
thin metal sheet will face an air space.

General Benefits of Insulation

In addition to being a barrier to the flow of heat from the house and
saving fuel, insulation is just as effective in keeping heat out of the house
during the summer, Insulated houses will have a wall temperature more
nearly equal to that of the air in the house. Street noises are not so readily
heard through the insulated walls, Both features promote a feeling of com-
fort and security for the occupants of the house. Well insulated walls and
ceilings do not catch and hold dust particles as readily as those not insulated.

Walls and ceilings are more fire resistant when filled with an insulating

material which will not burn.

Costs and Savings

The cost of insulation alone is usually directly proportional to the thickness.

The savings effected in fuel, however, are not in that ratio. The first inch
of thickness gives the greatest saving in terms of money invested in insula-
tion. The next inch saves less fuel than the first and the third inch of thick
ness saves less than the second inch. In fact, the thickness might be made
20 inches or even 100 inches, and the passage of heat through such an in-
sulated wall would not be stopped entirely.

The cost of a 33%-inch thickness of fill insulation blown into the sidewalls

of a house by the method shown on Page 1 is about $19 per 100 square feet
of wall area.

Fills in attics are usually less expensive and, as a rule, show a greater
saving per 100 square feet of insulated area than would be obtained if the
insulation were used in the walls,

Savings, expressed as pounds of coal per heating season for 100 square
feet of wall area and for 100 square feet of ceiling area are shown in Table 2.
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TapLe 2—Fuel saved by various means

Probable pounds of coal saved during
one heating season when used in

Item ;
o
4 2
& Z
2| | &
| | .
. |
- Warzs: 100 square feet. 1 inch of rigid
insulation in outside wall. . . .. : i 160 212 217 172
s of fill insulation in outside wall. .. 285 380 | 388 B3O8
— M =g S
100 sque |
ing insuls
between ceiling and blanket T 260 347 | 354 251 200

2 inches of fill insulation between ceiling joists. |
No attic floor R e AP

314 416 120 338 360

inches of fill insulation between ceiling

joists, Noattic floor. . ........ | 362 155 495 | 392 416
6 inches of fill insulation blown between ceiling |
joists.  Attic floored. .......... ... | L5 5l 563 147 175

Wixpows: Weather strip only for 100 square
feet of avernge windows or doors O 520 | 691 | 706 S0 505

Storm sash only for 100 square feet of aver:

windows (closely fitted) . . . 1,480 | 1,980 | 2,020 | 1,600 | 1,700
L S [ |

Both weatherstrip and storm sash for 100

square feet of average windows or doors 1

800 | 2,400 | 2,450 | 1,045 | 2,070

WEATHERSTRIPPING FOR WINDOWS AND DOORS

Figure 5 shows how air leakage takes place through the cracks around
the average windows in a house, Cold air is seen to be passing into the
house around the window exposed to the cold wind. This cold air reduces
comfort immediately around the window and, thus, reduces the livable space

in the house. Furthermore, the cold air brings in dirt, increasing the house

cleaning requirements. The warm air which is seen to be leaving through the
window cracks on the opposite side of the house represents an avoidable
loss of heat

Weatherstripping of the windows eliminates most of the foregoing troubles.
It will not, however, lower the temperature of the window glass and pre-

vent heat losses and discomfort in the house on that account.
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o

Air leakage through windotvs,

Cost of weatherstripping the average window is about $4. Savings in
fuel due to weatherstripping are shown in Table 2. Outside doors act the
same as windows with regard to air lea

ge and may be weatherstripped
for about $6. Rain does not blow in underneath a well weatherstripped door.

Treatment for Bedrooms

Sleeping with raised windows makes the bedroom door become an outside
door with regard to heat losses. The bedroom door should be closed.
then, in most cases, cold air leaks through the crack underneath the door to
the main part of the house.

A device known as an automatic door bottom will eliminate air leaking
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underneath a door, and when applied to a door a felt pad of the door's width
nst the floor

presses snugly completely sealing the crack while the door

remains closed. The automatic door bottom operates mechanically when the
door is opened, actually lifting up the felt pad and permitting it to pass over
rugs or carpeting. These devices should save fuel and may be obtained through

contractors who do weatherstripping,

Calking Around Window Frames

Weatherstripping will not stop air leakage around the outside edges of a
window frame. Window frames which are set in masonry walls such as brick,
stone, or cinderblocks are subject to loosening by unequal expansion and con-

traction, The cracks formed should be filled with an elastic and non-hardening
putty, sometimes called calking compound. This material is sold by dealers in

huilding supplies. It is most readily applied with a hand gun. Though, in the

i

case of small jobs, it may be forced into the crack with a putty knife,

/

‘/
WARM AIR

o

z/./

COLD GLASS

Fig. 6. Drafts caused by cold window glass.




20 MicuicaNn Extexsion BurLeriw 263

STORM WINDOWS AND STORM DOORS
Cold window glass will cause drafts to be set up in a house as shown in
Fig. 6. This cold glass causes discomfort for another reason, namely, heat
is radiated from the human body to this cold surface.

Application of storm windows provide two thicknesses of glass which are

separated by an air space. Hleat does not travel through this combination as

readily as through a single piece of glass. The inside thickness of glass is kept
at a higher temperature. The result is more comfort near the window and a
saving in fuel. Furthermore, if storm windows are provided for windows
which are not weatherstripped, an additional saving in fuel and added comfort
in the house is obtained, due to the storm window's stopping some of the
air leakage.

The best possible treatment for windows is a good weatherstripping job
plus storm windows which are not too closely fitted. This combination makes

the greatest saving in fuel and provides the maximum comfort in the house.
Furthermore, moisture is not so likely to condense between the two thicknesses
of glass as when the storm window is tightly fitted and the inside window
lhas considerable air leakage.

Savings for storm windows both with and without weatherstripping are
shown in Table 2.

Storm doors operate the same as storm windows with regard to fuel saving

except that they may play an even more important role in stopping air leakage.

FUELS

The 1940 Census of the United States* shows that approximately 79 percent
of Michigan’s homes are heated with coal or coke, about 10 percent use wood,

0.5 percent fuel oil, and nearly 4 percent burn gas,

Availability of Fuels

It appears that we have su nt coal to last, at our present rate of con-
sumption, for several thousand years. Tt is taken for granted that coke and
manufactured gas will continue to be made from coal. It may develop that the

demand for such premium fuels will decrease, however, as more efficient and

generally desirable equipment is developed to burn bituminous coals.
At the present rate of consumption our known petroleum reserve is expected
to last about 13 or 20 years and our natural gas reserve about 30 years.®

Wood fuel is now less plentiful—in fact, there was a time when dry and

Uiiited States Department of Commerce, Burean of Census, Sivteenth Censur of the United States
0

f the Future, Battelle Memorial Institute, Columbus, Ohio.

alph A. Sherman,
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manded by the users of wood fuels. It was known that this type of wood fuel
produced a hot and lasting fire, contained a minimum of the trees bark and
might, therefore, produce less ashes. Oak and other hardwood trees from
which wood may be split with a minimum amount of labor have long been so
much in demand for lumber that farmers have found it more profitable to sell
the trees and purchase coal. Thus, wood fuels which are mostly in use today
are either a byproduct of the lumbering industry or are produced from dead or
scrubby trees with little thought given to the woods’ fuel qualities.

Since it is expected that wood fuel of this type will be produced in some
quantity for a long time to come, and thrifty people will wish to utilize it,
furnaces which will offer more convenience and economy will undoubtedly
be developed and made available for its use.

Coals
The coals used for domestic heating are usually as follows :
. ANTHRACITE is a very hard coal composed almost entirely of carbon
as the combustible substance and containing a minimum of volatile’
combustible materials which are driven off by heat in the furnace to

cither burn as a gas or possibly appear as smoke. This coal is much

sought after for its clean burning properties and the relatively h
furnace efficiencies it permits.

2. BITUMINOUS, also known as soft coal, contains mare volatile com-

bustible elements and may produce more smoke than anthracite. Bitu-

minous coals vary over wide limits with respect to the performance
they give in a domestic furnace.. Some burn more rapidly than others,
some produce more smoke and some are high in ash content. Many

bi

minous coals have a higher heating value than anthracite. The
price charged for a certain bituminous coal is proportional to coal's

general desirability as a fuel.

Coke

Coke 1s a fuel which is made by removing the volatile substances from a
coal. The composition of the finished coke is almost entirely carbon, as a com-
bustible material, along with the ash contained in the original coal.

The principal advantages of coke are its light weight, freedom from
smoking, relative cleanliness, and its quick response to a change in the heat-
ing reguirements.

“Volatile materials are those which readily change to gases or vapors when heated,
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Tance 3—Heating valies and cost of useful heat

Cloat in dollars per million Bt
Approximate - of useful heat
heating value

Fuel Assumed cost
| [ Hand fired Stoker
e i |— ittt e
Anthrocite eoal 14,400 Btu. per Ib .| $12.00 per ton . . . £0.04
Bituminous coal, .. 15.300 Btu, per 1b .| 10,00 per ton i1 $0.55
Rituminous coal. ...| 12,500 Bru. per Iy 7.50 per ton 6o i
Oak wood (air dry) W0 Btu, per Ib .00 per cord® . . .. 45 -

Conversion

burner
No. 1 fuel ail 136,500 Btu. per gol. 084 per gal . ... i 08 75
No, 3 fuel oil 200 Biu. per gal. 079 per gal . ... .: .03 .71
Natural gos. .. ... 1,060 8tu. per 70 per thousand 1.03 | 83
e, It e, ft.

=A cord of oak wood, air dry will weigh 2,500 to 4,000 pounds,

Heating Values and Cost of Useful Heat

Approximate heating values for fuels used in domestic heating plants and
ts per million Btu of useful heat are given in Table 3.
heat in the fuel which the furnace

the ¢

The useful heat is that part of the gross
makes available in the house. The cost of a million Btu of useful heat is some
This cost for any fuel may be found

times helpful in comparing fuel cos
provided the fuel's heating value, the fuel’s cost and the furnace efficiency is
known. For example, the anthracite coal listed in Table 3 has a heating value
of 14,400 Btu per pound. There are 2,000 pounds of this coal in a ton. The
furnace efficiency when burning this fuel in a hand-fired furnace may be 65
percent. The useful heat in one ton would be 14,400 3 2,000 3 .65 = 18,700,000
Btu. This amount of fuel costs $12; therefore, the cost per million Btu of
useful heat would be $12 divided by 18.7 or $0.64 (64 cents). Heating values
may be obtained from fuel dealers. Turnace efficiencies are always difficult
er, are suggested in

to determine, The probable range of efficiencies, howe
Table 4.
TasLe 4—Probable furnace efficiencics

Efficiency

FFuel Type of furnace 4
Percent

te coal, ... s ) Hand fived. ..
al...oovviininsnnn...| Hand fired. .
Stoker fired. .
Hand fired.

Anthraci
Bituminous
Bituminous coal . .

Wood e A |
Fuel 0dl. o . s valepaiavane s st il nversion burner.
Fuel oil . urnace designed for ml

| ( ‘onversion burner. .
ee designed for Il'”'\

Natural g\n-
Nutural gas.
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How to Purchase Coal

A good coal dealer should be given a description of your heating equip
ment and your heating requirements. Serious consideration should be given
to his recommendations in regard to the particular coal you should buy and
how vou should use it.

In the purchase of coal, little will be gained by looking for bargains. The
best place to save the fuel dollar is at home through the use of better man-
agement of the heating plant and the elimination of heat losses from the
house.

When a satisfactory coal has been found, have the bin filled during the

early summer of each year.

HOW COAL BURNS IN A FURNACE

The heating furnace will have an opening in the ashpit door, provided,
with a shutter, to regulate the air going into the ashpit and up through the
grates and the fuel bed as shown in Fig. 7. Air admitted at this point is
known as primary air. Air is also admitted to the furnace through an open
ing in the firing door which may be varied usually by the means of a sliding

shutter. This is called secondary air. The rate at which the primary and
RADIATOR
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Fig. 7. Distribution of primary and sccondary aiv in a furnace.
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secondary air will pass into the furnace will also depend on the draft which
is controlled by the check damper located in the smoke pipe.

Coals are composed of combustible materials which are known as volatile
matter and fixed carbon.

VOLATILE MATTER consists of the elements which are driven from
the coal in the form of combustible gases as the temperature of the coal
rises in the furnace. For 100 pounds of bituminous coal burned, there are
30 to 40 pounds of this combustible gas liberated. The heating value of these
ases may be equal to more than 30 percent of the heat in the coal. In addi-
tion to losing much of the coal's heat, large quantities of smoke may be
produced when the gases formed by the volatile matter are not efficiently
burned in the combustion space of the furnace.

FIXED CARBON is the solid combustible material which remains in
the firepot to burn as red coals after the moisture and volatile matter have
been driven off.

During the combustion process oxygen must chemically unite with the
burnable elements of the coal. For the fuel to be burned rapidly and com
pletely the following requirements must be met in the furnace:

1. There must be sufficient oxygen.

2. There must be efficient mixing of oxygen with the various gases

formed from the fuel,

3. The temperature at the point of meeting of the oxygen and fuel must
be sufficiently high.

The steps in the burning or combustion of a piece of coal may be de-
seribed as follows:

First, the moisture is vaporized and passes from the furnace through
the smoke pipe. Next, as the coal continues to rise in temperature, it softens
and gives off the volatile matter. Finally, the fixed carbon which is leit in
the firepot burns, leaving the ash as a n¢ mcombustible residue. The primary
air which passes up through the fuel bed supplies oxygen to burn the fixed

carbon. All of the oxygen may not be used and if such is the case, it will be
available to burn the volatile matter in the combustion chamber. Secondary
air is admitted to supplement the oxygen supply in the combustion chamber.

The temperature in the combustion chamber depends substantially upon
the area occupied hy live coals at the top of the fuel bed.

It is not usually possible to control the temperature in the combustion
chamber and the amount of primary and secondary air with sufficient aceuracy
to burn all of the volatile matter driven from the coal into the combustion
space. Poor mixing of the combustibles with the oxygen of the secondary
air and the fact that this air enters the combustion chamber in a cold con-

dition are other factors which are not favorable to high combustion efficiency
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in the combustion chamber. Combustible gases which fail to burn in the
combustion space go out through the smoke pipe as smoke or invisible gases
and represent a direct loss of fuel.

Now it must be recalled that air is only about 21 percent oxygen by
volume. The 79 percent remaining is principally the gas known as nitrogen.
The nitrogen plays no part in the combustion process, yet must be admitted
into the furnace as a part of the air which supplies the essential oxygen. It
must be heated to combustion temperatures and then allowed to pass out
through the smoke pipe to the chimney. This explains an unavoidable heat

loss in the operation of a furnace. The loss is kept at the lowest possible
value by admitting only enough primary and secondary air to the furnace
to burn the fuel efficiently, and no more.

FURNACE FIRING
Equipment Needed
A round steel poker bent or curved so that all of the grate area may be
reached or probed with it is required. Other essential items are a good
shovel and some suitable containers for ashes. A small hoe for removal of
ash and clinker tongs may be found useful.
The coal should be stored in a bin provided with a door which is near

the furnace. Walking into the bin to get coal, results in a long carry with
the shovel and the spreading of coal dust which sticks to the shoes, This may
be remedied by providing the bin with a sloping bottom which will deliver
the coal to an opening near the front of the furnace, and from which point
all the coal in the bin may finally be reached with the shovel.

Use of Anthracite Coal or Coke

These fuels are composed largely of carbon which burns as a solid while
supported by the grates. Temperatures in the combustion chamber and the
combustion taking place in that part of the furnace are relatively unim-

portant. These fuels may be spread uniformly over the fuel bed when fired.

At least 2 inches of ash should always cover the grates.
- o

Firing With Bituminous Coal

When heated, this fuel liberates gases which should be burned in the
combustion chamber. After giving up these gases, the remaining coke burns
on the grates. To spread fresh coal of this kind uniformly over the fuel hed
would cover all of the live coals and reduce the temperatures in the combus-
tion chamber. Furthermore, practically all of the fresh coal would be heated
immediately and large quantities of the liberated gases would leave the fur-

nace unburned. Fig. 8 shows how the freshly fired coal may be located in
the furnace to produce better results. With this arrangement of the fuel bed,
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FRESH COAL

LIVE COALS

Fig, 8  Location of freshly fired bituminous coal in a furnace.

gases are driven from the fresh coal more slowly, and temperatures in the
combustion chamber may be higher. At the time of the next firing, the live
coals in the back part of the firepot will have burned down. The grates may
be shaken until the first indication of burning particles falling to ashpit is
noted. The few coals remaining in the back of the firepot are pulled for-
ward with the poker and the fresh coal is banked in the back of the firepot.

Some secondary air will be required at all times. The smoke seen coming

from the chimney should be somewhat of a guide to the operator in regulating

the secondary air. Too much secondary air will cool the combustion chamber
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and increase the heat lost through the smoke pipe, while too little will not
replenish the oxygen in the combustion space and will increase the loss due
to unburned fuel leaving the furnace through the smoke pipe.

The thickness of the layer of ash on the grates and the thickness of the
fuel bed will have to be varied as the weather changes. The thickness of
the fuel bed will also have to be governed by the size of the coal particles anc
the draft that is available. Figure 9 shows an arrangement for the ash, fresh
coal, and live coals which s suitable for mild weather firing. It will be noted

that a smaller grate area is made use of and less coal is fired at a time.

LIVE COALS

Fig. 9. Arrangement of the fuel bed in a furnace for mild weather.
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Removal of Ashes
Professor Kratz and associates of the University of Illinois* recommend
that ashes should never be permitted to fill the ashpit to a height greater
than one-half the ashpit's depth. Where ashes are permitted to accumulate
to greater depths, overheating and damage to the grates often occurs. To
avoid dust at the time of removal, some means should be employed to dampen
or wet the ashes before they are handled with a shovel. Three methods which
are used in wetting the ashes are as follows:
1. The ashes lying in ashpit may be hollowed out so as to form a basin,
Pour water in the hole and allow to stand several hours before the
ashes are removed.

5}

If the ashpit has a bottom which is water tight, pour some water in it.
Shake ashes down into the water and remove several hours later.

3. Install spray nozzles in the ashpit.

Firing With Wood

The moisture in wood fuel may be equal to 50 percent of the fuels weight
for green wood. The volatile matter which heat drives from the wood to
burn as gases is about 40 percent of the weight and carbon is about 10
percent.®

The combustion process may be considered to take place in three, but
not distinctly separate, steps. First the moisture evaporates, next the vola-
tile matter is driven from the wood and following this the carbon is burned
as charcoal. Heat must be supplied by the burning of the wood to evaporate
the moisture. The steam so formed goes out the smoke pipe as a heat loss
which could be eliminated to a large extent by permitting the wood to dry
before it is used as a fuel.

The wood should be placed in the furnace so that the primary air will
not find large holes to travel through. The draft or suction of the chimney
should be regulated by the check damper or a balanced damper as shown

Fig. 13, to as low a valve as practicable to give the desired combustion.
Secondary may be required in larger amounts than for bituminous coal.

When wood chunks are used in a furnace designed to burn coal and
having a round grate, it is usually difficult to keep the grate surface covered
uniformly with the burning fuel. Large holes through the fuel bed allow
the passage of needless amounts of primary air through these openings,
whereas the areas on the grates which are covered with fuel may be in need
of more air for combustion. To remedy this condition, the wood fuel might

of Bituminows Coal in the Home. Uni-
ircular Series No, 46, 1942, 36 pages.

“ellows, J. R. and Miles, ]. C., Hand F
fon Bulletin,

"Kratz, A, P.,

versity of Tilinois hlmuccrmu |‘x|\tr|ll|l‘l| St
(Not free)

*Kreisinger, Henry, Combustion of Wood Waste Fuels, Mechanieal Engineering, February 1939,
p. 115,
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be supplemented with some coal. With coal not available, the grate surfac
nearest each side of the firepot might be kept covered with some noncom-

bustible material.

Stokers and Oil Burners

For the owner to obtain the greatest possible benefit in heating comfort
and savings in fuel from these units, he should follow the recommendations
of the manufacturer of the unit in regard to operating, servicing, and the
type of fuel used.

The combustion efficiency should be checked by a reputable heating con-
{ractor or service man who has the instruments and technical information

this kind of work requires.

AUTOMATIC CONTROLS
Advantages
1. Save trips to the basement.
2. Save fuel by preventing overheating of the house and overheating of
the furnace.
3. Keep the temperature in the house more even and therefore, more
generally comfortable and healthful.
4. Prevent damage to the heating equipment due to overheating, lack
of water, or high pressures.
An overheated furnace or smoke pipe is a fire hazard. Therefore, the
controls protect the house against fire.

wn

Thermostats
Thermostats or control instruments which are sensitive to a change in
temperature often employ two metals which are known to expand or con-
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Fig. 10. Centrol elements.
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tract unequally with a change in temperature. Each metal is formed into a
thin strip and the two are bonded together to form what is called a bimetallic
strip. The bimetal may be used as a straight strip or may be curved as shown
in Fig. 10 (a). Owing to the unequal expansion of the two metals in the

bimetallic strip, a movement is produced and which affords sufficient power
to open and close contact points in an electric circuit.

Other thermostats use a thin brass diaphragm or the accordion bellows
as the element responding to temperature changes. In either the diaphragm
or the bellows a small amount of some liquid which has a low boiling point
15 introduced and the unit is sealed. Changes in temperature cause either
more of the liquid to vaporize with a corresponding elongation of the bel-
lows or some of the liquid to condense, which reduces the pressure in the
bellows, causing it to contract as shown in Fig. 10 (b). These elements
furnish sufficient power to actuate contact points in an electric circuit, open

and close small valves or dampers.
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Application to Warm Air Systems

The average hand-fired gravity warm air furnace should have a set of
controls consisting of a room thermostat, a damper motor and a high linit
control for the furnace bonnet temperature as shown in Fig. 11.

The operation of this control system is as follows:

The room thermostat causes the damper motor to change the setting
of the primary air and check dampers in accordance with the temperature
demands in the house. The high limit control causes the damper motor to
move the dampers so as to check the fire when the bonnet temperature be-
comes too high for safety.

Such a set of controls sell for $20 or $25 and may save 20 percent of

the fuel ordinarily burned during the heating season.

Where the warm air furnace is provided with a blower and is fired with
a stoker, oil burner or a gas burner, the system of controls shown in Fig. 12
is often used.

The an'T&Lﬁml of this system is as follows: The room thermostat starts
and stops the automatic firing equipment to suit the temperature demands
in the house. The furnace control is a combination unit which starts the
blower when the bonnet temperature has risen to the set valve, and in addi-
tion, it will stop the automatic firing equipment if the bonnet temperature

Liecomes too high for safety.
| /7« THERMOSTAT
Hl
i
i S N EURNACE
d | /CONTROL
RETURN AIR . \ e
/ R 1
i
| AUTOMATIC
| FIRING
¥ EQUIPMENT

MOTOR  FAN

Fig. 12, Contral system for automatically fired furnace using a fan.
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Fig. 13. Balanced damper.

Hot Water and Steam Boilers

These boilers may have the dampers positioned by a damper motor which
is under the control of a room thermostat as used with the warm air system.
A limit contral is employed to cause the damper motor to check the fire when
excessive water temperatures or steam pressures are reached. Steam boilers
should be protected by an additional control device which will check the fire
when the water level in the boiler is dangerously low.

Balanced Dampers

These devices assist in keeping the draft or suction of the chimney more
uniform, They may be used in the place of the check damper and are recom-
mended for installations not provided with a check damper. Fig. 13 shows
the principle of operation for a balanced damper.

CLEANING AND REPAIRS
Smoke Pipe and Chimney

These parts of the heating plant should be examined for possible air
leakage and need for cleaning about once a vear, In addition to the points
suggested in Fig. 11 the chimney flue should be freed of any obstructing
matter such as a loose piece of the tile lining.

Warm Air Systems

Deposits of soot in the furnace should be removed with a wire brush

which is obtainable through dealers in heating supplies.
The odor of furnace gases in the house and rather active burning of the
fuel in the furnace when the primary air damper is closed are indications
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of air leakage through the walls of the firepot and the combustion chamber.
Fig. 14 shows a sectional view of a cast iron furnace with the outer steel
jacket removed. The tongue and groove joints in the entire wall surface
may be seen. When a furnace is set up, these joints are filled with furnace
cement. After a period of service, the joints may develop leaks as indicated,
requiring that the cement be replaced. After long service, cracks may de-

COMBUSTION
CHAMBER

ruam@;
GASES 7 P

FIRE POT

) GRATE

( ASH PIT

Fig. 14. Gas leakage through the wall of a cast iron furnace.
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velop in the metal forming these parts of the furnace, particularly around the
firepot, and the broken part will have to be replaced. The pan in which water
is evaporated for humidifying purposes should be cleaned out as required.
Air filter:
inter

in the fan compartment should be inspected at 1- or 2-week

Is during the heating season for need of cleaning or replacement.
Long periods of running for the furnace fan with little air delivery from
the warm air registers is an indication of dirty filters. Fan blades should
also be inspected and cleaned. Heating contractors or dealers in heating
supplies are usually able to offer furnace cleaning service.

Steam and Hot Water Systems

Soot deposits should be removed from the heating surface of the boiler
through the use of a wire brush.

Leaks in the boiler, the piping system, or around the radiators should he
repaired.

Pockets or low points in the piping system, from which water will not
drain back to the boiler, should be sought out and eliminated. Insulation in
the form of ashestos cement or 85 percent magnesia blocks should be applied
to the boiler. Hot water and steam piping in the basement should he covered
with insulation,

[t is suggested that a heating contractor be employed to assist in finding

andl correcting defects in these heating systems.

SAVING FUEL"
What Should be Done to the House

ia) Insulate ceiling. A 334-inch thickness of fill insulation saves from 362

to 495 pounds of coal a year for each 100 square feet of ceiling area."

() Install storm windows and storm doors. Each 100 square feet of storm
window or storm door saves 1480 to 2020 pounds of coal a vear on
average window or outside door,

(c¢) If weatherstripping is installed with storm windows and storm doors,
savings will be 1800 to 2450 pounds of coal a year for each 100 square
feet of window or outside door area. If windows are loose fitting, the
savings will be greater.

(n) Insulate outside walls. A 33¢-inch thickness of fill insulation saves

from 285 to 388 pounds of coal a year for each 100 square feet of wall
area.

“iar on Fuel Waste. War Service Committee, American Society Heating and Ventilating Engi
ncers, 1942,

USee Table 2, page 17.
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What Should be Done to the Heating Plant

(B)

(F)

1B

FURNACES AND BOILERS

Remove all soot on the furnace or boiler’s heating surface. Use a wire
brush. May save 5 percent of fuel.

Take down smoke pipe and remove soot. Replace, making joints air
tight.

Clean out bottom of chimney flue, close any air leaks into chimney.
Remove any obstructions from chimney flue.

If stoker or oil burner, have the combustion efficiency checked by a
reliable heating contractor. Follow directions of the manufacturer.
If hand fired, install room thermostat and damper motor to prevent
overheating of the house. These units may be purchased for about $15
or $20 and may save anywhere from 5 to 20 percent of the fuel used
during a heating season.

Steam and hot-water boilers should be insulated. Also, should be flushed
out once a vear and refilled with soft water.

Warm air furnaces should be inspected for air leakage around firepot
and combustion chamber. Repair leaks with furnace cement and re-

place cracked or burned-out parts,

WARM AIR SYSTEMS
Inspect air filters in the fan compartment at 1- or 2-week intervals for
need of cleaning or replacement.
Inspect fan blades for need of cleaning.
Install high limit control for furnace honnet temperature. These units
cost $5 to $7 and save fuel by preventing excessive losses of heat

through the smoke pipe and excessive radiation losses from furnace.
Prevents damage to furnace and protects house against fire

Remove obstructions from warm-air and return-air pipes.

HOT WATER AND STEAM SYSTEMS

Have heating contractor examine piping system for improper connec-
tion, water or air pockets, leaks, and proper sloping, also, for need of
insulation.

Clean out bottoms of radiators with a long handled wire brush.

Open steam traps on radiators. Clean parts where needed. Use wire
brush and kerosene.
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(p) Ii radiators are concealed, inspect for need of cleaning on the outside.

Remove lint or other materials which may interfere with circulation
of air over heating surface.

What the Occupants of the House Should Do

(A) Turn the room thermostat down 8 or more degrees as early in the
evening as practicable. Savings in fuel may amount to 8 or 10 percent

(#)  Remove furniture or draperies which interfere with the circulation of
air around the radiators. Do not permit rugs to cover return-air
registers.

(c) If the bedroom windows are kept open while sleeping, close bedroom
door and turn off the heat.

(D) Unused parts of the house should not be heated. Also, close draperies
or French doors leading to the sun room. Keep heat in sun room
turned off.

()  Draw draperies or window shades over cold window glass when prac
ticable.
(¥) Keep damper in fireplace closed to avoid leakage of warm air up the

chimney. In case the fireplace has no damper, close the front of the
fireplace with a closely fitted cover.
() If furnace is fired by hand:

1. Place fresh coal either in the back or in the front of the firepor.
Never cover all of the live coals in the furnace with fresh hitu
minous coal.

2. Always keep at least 2 inches of ashes on the grates.

3. Stop shaking grates when first burning particles fall into the ashpit.

SUGGESTED READING

The following books may be found in libraries and are suggested to those
readers who may wish more information :
Heating, Ventilating, Air Conditioning Guide, New York American Society
of Heating and Ventilating Engineers, Published annually.
Close, P. D, Building Inswlation, Chicago, American Technical Society, 1942,
Konzo, S. Winter Air Conditioning Forced Warm Awr Heating, Columbus,
Ohio, National Warm Air Heating and Air Conditioning Association, 1939
Harding, L. A. and Willard, A. C. Heating, Ventilating and Air Condition-
ing, 1932.
Names and addresses of publishers of the foregoing material will be sup
plied upon request.
Michigan State College and U. 5. Dept. of Agriculture cooperating, R. J. Bavpwix, 'Dinecron

ExTtensior Service, Michigan State College, East Lansing. Printed and distributed wnder acts of
Congress, May 8 and June H
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