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Course Description N

[ , <t
This is the second of four courses on heating and ventilating. The first course introduced the subject with a discussion of biueprints, tools, piping,
electricity, and.insulation. This course develops the subject further with instruction on the theory of heat transfer, combustion, fuels, and the
operation, installation, and maintenance of space heaters, furnaces, boilers, stokers, and oil and gas burners. Five lessons on the foilowing topics

) . H

> are included: )

Lesson 1 - Principles of,Heating discusses the theory of heat, measurement and heat transfer, combustioh, primary and sécondary

.
air, perfect combustion, determining the volume of carbon dioxide, heat loss, the heat loss scale, and determining combustion
. efficiency. :
Lesson 2 - Fuel and Fuel Systems contains information on solid fuels, |iquid fuels, and gaseous fuels.
) . 1
Lesson 3 - Heating Unit Installation covers the types, instaliation, operation, and maintenance of {:oal-fired, oit-fired, and gas-fired
. . space heaters. \ N
Lesson 4 - Coal-Fired Furnaces and Stokers discusses hand-fired coal furnaces, automatic stokérs, and smokepipes and chimneys. .
. Lesson 5 - Oil and Gas Burners and Controls contains information on domestic oil burners, c‘ch'nercial oil burners, industrial oil burners,
conversion oil burners, oil burner controls, gas pressure systems, typd® of gas burners; measuring gas pres€ure, maintenance of
\ gas bumers, burner feed assemblies, Jaurner control systems, and conversion units. ¢

The student workbook contains lesson objectives, text gssignments, lesson review exercises, the answers to the exercises and a discussion of those answers.

M N i N . . . - . / .
The text contains the reading assignments and appendices. A course examination is also provided, but no answers are available, The course was designed
for student self-study and evaluation and can be used for independent remedial work or advanced study. .
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PREFACE

HIS MEMORANDUM is written for personnel in the Army whose duties re-
quire them to have a knowledge of the fundamentals of heating.

T ) The training, of which this second memorandum is a part, is intended for en-
listed men who desire to progress in the MOS 51-J career field.

’ The Qiscussions in the six chapters of this text alre directed toward the princi- ’
’ ples of heating; fuels and fuel systems; and the construction, operation, instal- L
lation, and malntenance of space heaters, furnaces and boilers, oil burners, 'and ',
. gas burners. q' . ‘ : ,
e t.
_ In the first chapter, there are discussions about the theory of heat, heat trans-, - '
D a fer, combustion, and heat loss. The sécoi:g chapter covers solid, liquid, and gas- , ,
. - ) eous fuels. The third chapter contains inforh\txon regarding the types of coal-, . e
- oil-, and gas-fired space heaters. The third chapter also contains material con- >
cerned with the installation, operation, and maintenance of space heaters. The
fourth chapter provides information about hand-fired and stoker-fired furnaces.
This chadpter also deals with types of furnaces, boilers, and stokers, and covers
the construction, operation, installation, and maintenance of oil burners and .
burner controls, ‘and conversion units. The material in the sxxth chapter is cen-
“tered on the donstruction, operation, installation, and maintenance of various
types of gas burners and controls, '

a

Keep this memorandum for your future use.

l‘ @"
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Principles of Heating |

IT IS NOT KNOWN just exactly when man dis-
covered fire, but there is no doubt that fire is
one of the greatest gifts to mankind. The need to
control and apply firc was apparent from the very
first. Imagine what living conditions were during
the cave-dwelling period. Unless a natural flue or
some other method of ventilation cxisted as a re-
sult of the cave, thc smoke from fires during cold
weather must have created almost unbcarable con-
ditions. leaving the inhabitants the choice of cither
freezing or being asphyxiated. a

2. Long after man had advanced to the stage of
housebuilding, heating methods had not improved
to a very great dcgree. For centurics (and oc-
casionally, even today) fires for heating und light-
ing were contained in braziers or confincd to an
unused corner of a room. The smoke was sup-
posed to escape through a hole left in the roof of
the building during construction. Of coursc. con-
siderable amounts of rain and snow cntered the
room durling bad weather. During the twelfth cen-
tury, however, the people in the northern part of
Europe started using crude fireplaces and flues to
replace the brazier and hole-in-the-roof method of
heating. Some of these rudimentary heating sys-
tems still exist in France.

3. In the thirteenth and fourtecenth centuries
the round hollow stone chimneys began to be used.
At the end of the fiftcenth century, people were
using a number of fireplaces in their homes and
grouping thc chimneys together in a vertical. rec-
tangular miass of masonry with decorative effect.
By thc end of the ltalian renaissance period.
chimneys were in common usc.

4. During colonial days in America, the firc-
placc chimneys were a large masonry mass pro-
jected through the center of the roof or were an
important featurc of the gable cnd walls. This
general trend is often followed in architecture
today. Central hcating. where firgs: are required

5 or 6 months of the year. makes ‘the chimney an

important feature of a heating plant. There are
heating installations, however. which do not make
use of the masonry chimney and have substituted
an inconspicuous.metal smokepipe. Other types of

its cffect.

N

CHAPTER 1

“heating, such as electrical heating, require no

chimney. /
5. Bcfore discussing fethods of hcating, it

" seems logical to discuss the thcory of heat, the

mcasurement and transfer of hcat. combustion.
primary air, secondary air, perfect combustion.
determining the volume of carbon dioxide, heat
loss, heat loss $cales, and determining combustion
efficiency.

6. Knowledge of the t'hcory of heat and heat

-measurcment and transfer will bc useful to you in

undefstanding how heat is produced and how it
gets from your heating plant te the space 'you are
going to heat. Knowledge of combustion, primary
air, secondary air, perfect combustion. determining
the volume of carbon dioxide, heat loss. heat loss
scales and determining combustion cfficiency is
very important information if you are to properly
perform your job as a heating specialist. Also. this
knowlcdge is a must if you intend to operate a
heating plant efficiently.

7. Heat is one of the. prime necessities of life.
It is as essential as food, clothing, and shelter. You
can have a very good shelter. but you still need
heat to be comfortable in it. By studying this chap-
ter, you will start to gain knowledge of just what
you will be required to know to become efficient
in your career field.

1. Theory of Heat

1-1. Hecat is a form of cnergy that is known for
Heat can be produccd or- generated by
the combustion of fuels. by friction, by chemicgl
action, and by the resistance offered to the flow of
clectricity in a circuit. However, the particular
form of gencrated heat with which the heating
specialist will be dealing is produced by combus-
tion. This is heat obtained- by burning common
types of fuels such as coal, oil, and gas.

2. Measurement and Heat Transfer

2-1. To efficiently operate a hcating plant, you
must be familiar with the measurement of heat and
how this heat is transferred from the plant to. the
space to be heated. The first part of this section

<
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" Fahrenheit (F.) or degrees Celsius (C.). The.

is devoted to measuring temperaturé and pressure,
whereas the second part deals with the transfer
of heat from the plant to the space to,be heated.
2-2. Measurement of Heat. Measurements of
temperature and pressure, which are obtained con-
tingously, are very important factors in the opera-
tion of a heating plant. The degree of correctness
of these measurements directly affects the safety,
efficiency, and reliability of operation of the heat-
ing plant. Although heat and temperature have a
direct relationship; there is also a distinction be-
tween them. For example, a burning match de-
velops a much higher temperature than a steam
radiator, but the match does not give off enough
heat to warm a room. Another example tells us
that 10 pounds of water at 80° F. will melt more
ice in a given length of time than 1 pound of
water at 100° F. The former has more heat, but

the latter hds a higher temperature. Temperature

is the measurement of heatintensity in degrees
Fahrenheit or Celsius.
measurements can be made by using a glass ther-
mometer which is_calibrated either in degrees

generally accepted way of stating measurements of
temperature is in degrees Fahrenheit. The Fahren:
heit thermometer is the standard used primarily in
English-speaking countries.

2-3. The thermometer measures the degree of
sensible heat of different bodies. The thermometer
can make a comparison only between the tempera-
ture of a body and some definitely known tempera-
ture such as the melting point of ice or the boiling
point of water. Figure 1 shows a comparison of
the scales of Fahrenheit and Celsius thermometers.
It also shows the markings of the .freezing and
boiling points of pure\water at sea level. The
range of the Fahrenheit thermometer between the
freezing point and -the boiling point is 180° (32°
to 212° = 180°). On the Celsius thermometer,
the range is 100° (0° to 100° = 100°) from the
freezing point to the boiling point. |,

-2-4. To convert Fahrenheit readings to Celsius
readings. it is necessary to subtract 32° from the
Fahrenheit temperature reading and multiply the
remainder by .556, or—g— . To change Celsius read-
ings to Fahrenheit readings, multiply the Celsius
temperature reading by 1.8, or_g.. and add 32°.
The heat that can be measured by a thermometer

. and sensed or felt is referred to as sensible heat.

An example of sensible heat is presented by placing

* a small vessel of cold water over a gas flame and

putting a thermometer in the water. Upon obser-
vation. you note that the thermometer indicates a
rise in temperature. Also. upon placing your finger
in the water several times. you fecl (or sensc) the
change in temperaturc that has taken placc.

Therefore, temperature -
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1ot 100
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e 0 .
=t - .
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Figure 1. Comparison of Fahrenheit and Celsius
thermometers.

2-5. The unit of measurement for a given
quantity of heat is the British thermal unit, abbre-
viated and commonly known as Btu. One Btu is
the amount of heat needed to change the tempera-
ture of 1 pound of pure water 1° Fahrenheit at .
sea level. If one Btu is added to 1 pound of water
at 50° F., the temperature 6f that pound of water
will be raised to 51° F. .

2-6. All substances above absolute zero con-
tain heat. There is heat even in ice, and its melt-
ing point isfixed at 32° F. Because of a funda-
mental law of nature. when ice at 32° F. melts
into water at 32° F., a change of state takes place.
It is that the ice (solid) has turned into water
(liquid). A certain amount of heat is required
during this change of state. This heat-is known
as the latent heat of fusion, When 1 pound of ice
changes to water, 144 Btu are required, and an

-additional 180 Btu are required to further raise the

temperature of the water to 212° F., the boiling
point at sea level. ’ .
2-7. To again change the state of this 1 pound
of water (once ice) at 212° F. to steam, another
970 Btu are required. This additional heat is
known as the latent heat of vaporization. Latent
heat is the amount of heat required to change the
statc of a substance without a measurable change
in temperature. Heat indicates the qua?tity of

Q
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units of heat (Btu) in a substance, while témper-
ature indicates the intensity .of heat in degrees.

2-8. There are other types of heat that you
will encounter as a heating specialist. These are
specific heat, super heat, and total heat. Specific
heat is the ratio between the quantity of heat re-
quired to raise the temperature of one pound of
any substance 1° F. and the amount of heat re-
quired to raise the temperature of 1 pound of
pure water 1° F. Super heat is the amount of
heat added to a substance above its boiling point.
Total heat is sensible heat plus latent heat.

.2-9. We previously mentioned absolute zero.
But, what is absohite zero? Scientists have arbi-
trarily determined that when the temperature of
a substance has been reduced to 460° below zero
F. (~460° F.), practically all the heat has been
removed from the substance. At this point the
molecules cease to have motion. This tempera-
ture is known as absolute zero, and it is about
the lowest temperature obtainable, Heat is said
to be present in all substances when the temper-
ature is above absolute zero.

2-10. Heat Transfer. The transfer of heat is
the next problem to consider after the heat has
been produced by burning a fuel. - It must be~
moved fo the space where it is to be used Heat
always flows from a warmer to a cqoler sub-
stance; consequently, there must be a tempera-
ture difference before heat will flow. Naturally,
the greater the difference in temperature is, the
faster the heat flow. Two objects that have dif-
ferent temperatures, when placed together, will
tend to equalize their temperatures. Heat travels
in heating systems from one place to another b};
three different methods. All three of these meth-
ods are used in most heating systems; they dis-
cussed in the paragraphs that follow.

2-11. Conduction. Conduction is the flow of
heat from one part of a substance to another part
of the same substance, or from one substance to
another when they are in direct contact.

2-12. When one end of a stove poker is held
in a flame, the other end will soon be too hot to
hold. This indicates that the heat is being con-
ducted, or transferred, from one end of the poker
to the other end. Such a transfer of heat is called
conduction. Conduction is used to transfer heat
through the walls of a stove, furnace, or radiator
so that the warmth can be used for heating. If a
piece of wood had been used, as an example, in-
stead of the poker, the end of the wood away
from the fire would have remained cool. This
shows that some materials do not conduct heat
as well as others. Those materials which offer
considerable resistance to the flow @ heat are re-
ferred to as insulators, or poor conductors. Some

-

insulating materials were discussed in Chapter
5 of Memorandum 564.

2-13. Convection. Convection is the transfer
of heat by means of mediums such ag water, air,
and steam. When air is heated, it expands, be-

‘comes lighter in weight, and rises. The cooler

air, which is heavier, then flows in to replace the
warm air. Thus, a convection current is set up.
Water, when heated, acts in the same way as air.
The water next to the heating surface becomes
warmer, lighter, and rises. This action allows the
cooler water to flow in nekt to the heating sur-
face and become heated. Convection is a very
important factor to be considered in a heating
system. It is this force, developed by heating the
medium, that circulates the heating medium to
lze space to be heated.

2-14. Radiation. Radiation is the transfer of
heat through space. When a hand is held in front
of a stove, it is quickly warmed by means of radi-
ation. In this same manner, the earth receives
its heat from the sun. , '

2-15. Radiated heat is transferred by heat
waves, similar to radio waves. Heat waves do not
warm the air through which they pass, but they
must be absorbed by some substance to produce
heat. For example, when you stand ifi the shade
of a tree, you feel cool, because the leaves and
limbs are absorbing the heat waves before they
freach you. .

2-16. When heat waves strike an object, some
are reflected, some may pass through, and the
rest are absorbed by the object. Polished metals
are the best reflectors known; therefore, they are.

‘poor absorbers of heat. A poor absorber is also

a good radiator. Rough metal absorbs heat more
readily than a highly polished metal, and it also
loses heat faster by radiation.

2-17. The color of a substance also affects its
absorbing power. A black surface absorbs heat
faster than a white one. That is why light-
colored clothes are cooler in summer than dark-
colored ones.

3. Combustion

8-1. Combustion is the rapid union of fuel,
oxygen and heat. So, you will find that to pro-

-duce and maintain a fire, fuel, air, and heat are

necessary. You will also learn that the absence of
any one of these ingredients will prevent burning
or stop the fire. It is usually easy to understand
that fuel is needed for burning, but it is some-
times difficult to understand that alr and heat
are also reqmred

3-2. To better understand the need of air for
combustion, just recall that a burning match will
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stop burning soon after it is dropped into a bot-
tle. This is because all the oxygen in the bottle
is so quickly consumed by ‘the flame.

3-3. We also said that heat is needed for com-
bustion. This is because the temperature of the
fuel hassto be raised to its kindling point before

~—it will start to burn. The kindling point of a sub-
stance is the temperature to which the substance
must be heated for it to ignite. Every combusti-
ble substance has its own definite kindling point
(ignition temperature). Substances such as paper
and oil require only a small amount of heat be- -
fore they will ignite. Others require a considers
able amount of heat. When this temperature is
reached, the substance begins to combine rapidly
with oxygen in the air and soon creates a flame
or }h‘e which gives off heat. Light may also be
given off.

3-4. Too much fuel, or not enough ‘oxygen or
heat, will produce incomplete combustion. The
three ingredients (fuel, air, and heat) must be
present in the correct amounts to provide com; .
plete combustion. ’When combustion takes place,
the principal result is heat. Other byproducts
such as carbon monoxide, carbon dioxide gases,
and water vapor are also obtained.

3-5. Controlling combustion after a fire is’
built is an immediate problem. Air, fuel, and
heat are necessary for combustion, and chang-
ing the amount of one or more of these will cause
the fire to burn faster or slower. Two methods
of controlling" combustion are widely used. One
method is to furnish & constant amount of air to

_ the fire and vary the quantity of fuel. The other
method is to furnish a constant’ quantity of fuel
and vary the amount of air.

4. Primary and Secondory Air

4-1. To ignite a fire and have it continue to
burn, it must have a continuous supply of air. In
heating circles, this air is referred to as primary
air. The primary air for coal-fired heating equip-

fad

ment is supplied by the draft door located below
the grates, as illustrated in figure 2. Volatile com-
bustible gases are formed above the fire as the
fuel burns, More air is needed for these gases to
burn properly, and it is supplied hy slots in the
feed door. This is called secondary air. The total
amount of primary and secondary sir required by
a fire depends upon a number of factors. These-
include the type of fuel, depth of fuel bed, size of
firepot, amounts of ashes and clinkers accumu-
lated, and resistances offered by firebox passages.

4-2. Secondary air must be carefully con-
trolled, because too much secondary air will cool -
the gases below the ignition point and be harmful

" instead of beneficial, Secondary air that enters
the combustion chamber and is too far away from
the combustion zone is useless, since the oxygen
does not mix with the unburned gases. The air-
fuel ratio of oil- or gas-burning heating, equip-
ment is generally very closely controlled. . Meth-
ods of controlling this ratio are discussed later in
this memorandum under gas and oil burners. In
heating units wherg the air and fuel ar¢ con-
trolled, combustion efficiency can be held at a
maximum. BN
4-3. The smoke produced by a fire is a ogo&it -
indicator of combustion efliciency. When there is -
too much . air, white smoke is produced; when
there is too little air or too much fuel, black
" smoke is produced. The highest.combustion ef-
ciency is obtained when the proper amount of air
is supplied with a_minimum amount of smoke.
4-4. Certain gases\are given off during the
combustion process. ong these gases are two
that are of importance to the fireman. They are

carbon monoxide (CO) and carbon dioxide (CO,). N

The percentage of these gases depends upon
the amount of air (oxygen) mixed with the fuel.
‘The proportion of air being used by a heating unit
can be determined by checking the percentagé of
carbon dioxide in flue gas. This is why the car-
bon dioxide content of flue gas is considered
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to bé the most direct indication of combustion
cfficiency. -

4-5. The most cfficient combustion is attained
by a firc that liberates the most keat from the fuel,

-uses the least amount of air. and produces the

least amount of carbon monoxide.
4-6. In the burning process, two parts of oxy-
-gen unite with one part-of carbon (fuel) to form

carbon dioxide. So a definite amount of oxygen

must be provided to burn a given amount of car-
bon. Any additional oxygen in the air will not
enter into the combustion process and does not
libcrate additional heat. Unburned oxygen robs
the furnace of usable heat and carrics it out
through the chimney. This is onc of the big
source$ of waste in operating a heating plant.
When combustion is complete, the resulting flue
gas contains ‘carbon monoxide and a trace of
free oxygen. * When combustion is incomplete, de-
slructive carbon monoxide is present. Incomplete
combustion is usually caused by the lack of oxygen
during the burning process, or by the improper
mixing of oxygen with combustible fucl. The per-
centage of carbon dioxide contained in flue gas is
a direct indicator of the degree. of perfection being
attained in the combustion process. .

5. Perfect Combusﬁov}

5-1. Perfect combustion would be the result of
supplying the exact amount of oxygen required to
oxidize. or completely consume. all of the combus-
tibles, using every bit of oxygen. Perfect combus-
tion is scldom. if ever, possiblec under practical
conditions. ,

'$-2. Perfect combiistion would be attained
only if it were possiblc to burn pure carbon and
cause the resulting flue gas to contain 20 percent
carbon dioxide. Conditions within a heating unit
are neither perfect nor is the fucl ever pure carbon.
There will always be less than 20 percent of carbon
dioxide in the flue gas. The aim in practical firing
is to secure the highest percentage of carbon
dioxide attainable, without forming carbon ‘mon-
oxide—consideratig] being given to the kind and
condition of the équipment involved, kind and
quality of fuel, etc. - :

5-3. For a given set of conditions, therc is a
correct maximum carbon dioxide percentage that
should be attained, either by hand firing or by
automatic combustion control. This percentage de-
pends on the type of fuel and the condition of the
fucl-burning equipment uscd. You. the heéating
specialist. must know what this percentage is so
that you cap maintain the efficiency of your fire.
If you are {‘llot getting maximum cfficiency from
your fire, you can make adjustments in the fuel
and air supply to bring the efficicncy to the desired
point.. If these adjustments do not bring the carbon
dioxide content to the correct point, then the firing

v

3 .

“equipment should be checked. if all oxygen werc
to be consumed in burning the carbon (fuel). the
‘rcsulting fluc gas would contain approximatcly 20
percent carbon dioxide and 80 percent nitrogen.
Because of the imperfect conditions cxisting within
the average heating unit, however, excess amounts
of air must be supplied to the fire so that all of the
carbon will come in contagt with suﬂic':icn; oxygen
to have combustion.

5-4. Most heating units.are supplicd with too
much air in the'effort to secure complete combus-
tion. The excess air introduced into the combustion
chamber dilutes the darbon dioxide. For example.
if perfect combustion were attained by using the
cxact amount of air (oxygen) to burn a definite
amount of fucl, the flue gas would contain about
20 percent carbon dioxide. However. if twice the
exact'amount of air were introduced into the com-
bustion chamber, the flue gas would contain only
about 10 percent carbon dioxide.- Four times the
amount of cxcess air would reduce the carbon
dioxide content to about 5 percent.

5-5. It is the imperfect cqnditions existing
within a heating unit that rcquift excess air to be
introduced in an attempt to attain cfficicnt coms
bustion. The amount of air to be admitted can br&
determined only by testing the flue gas for the pe
centage of carbon dioxide. THch. the object should
be to produce the highest amount of carbon dioxide
by using the smallest amount of air possible with-
out producing carbon-monoxide. /

5-6. For burning c¢oal. the best results are ob-
tained with approximately 40 percent excess air.
which produces about 15 percent carbon dioxide.
Oil and gas burning require less air for good com-
bustion than docs coal. Under conditions similar
to thosc for coal, when burning oil and gas with
less than 40 percent cxcess air, the ultimate result
is about 12 percent of carbon dioxide for oil and
about 9 percent for gas.

5-7. Now that you have becomec acquainted }

with some of the problgms you will encounter in
obtaining combustion ‘,eﬁiciéncy, you are ready to
study the method used to determine the contents
of combustion gases. |

6. Determining Volume of Carbon, Dioxide

6-1. The most reliable measuréiﬁent of the per-
centage of carbon dioxide in flue gas is obtained

by using a gas analyzer, or orsat. These gas ana-. -

lyzers are made by a number of manufacturers and
are of various types; however, they all work on
the same principle. A typical orsat is shown in
figure 3. Basically, orsats analyze in this manner.
A sample of flue gas is drawn into the analyzer
through a tube inserted into the stack of the heat-
ing unit. The sample flows from the tube igto the
leveling bottle and through the filter, which takes
out any suspended ash particles, Then the volume
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Figure 3. Measuring carbon dioxide with an orsat.

?
of the gas is measured. Your supervisor will fur-7 excess ‘flue gas temperature loss are the greatest
nish you with step-by-step instructions on the / sources of up-the- chimney waste. Smoke, contrary

proper procedure for taking a flue gas test. to public conception, fomns onT‘y a small percentage

6-2. The flue gas is then passed through a’ of the total heat loss, not over 2 o 3 percent. *

,.chemical called cardisorber, which Mas an affinity 7-2. xygen is used in the cmbination. proc-

C ¢ for carbon dioxide. After this, the volume of flue ess, but trogen does not enter into the burning

gas is measured again. The difference in the vol- = process at ordinary temperatures. For each cubic
ume before and after the absorption takes place foot of oxygen that unites with carbon (fuel), 4
gives the exact measurement of the carbon dioxide cubic feet of mtrogen enter the combustion cham-
in the flue gas. 2 . ber. "Flue gas is usually heated to a temperaturg .
6-3. Most medern boiler rooms are equipped  ©f about 500° Fahrenheit, and it is carried by the

with permanently, mounted types of carbon dioxide . chimney to the atmosphere with ‘the smoke. Con-
recorders that operate continuously. These record- ~ sequently, much® of the heat that should be

ers reveal the combustion conditions every 2 min-  absorbed by the boiler tubes or heat exchanger is
utes. With a portable orsat, only¥a spot-check wasted because of this excess air in the combustion

analysis can be made. You will in figure 3 chamber as a result of the amount of air being fed

that there are three pipettes in the orsat; these are  into the heating unit.
. provided so that the three gases indicated in the

figure can be measured. The purpose of the three- " 8 Heat Loss Scale

way cock is to clear the orsat after each of these - 8-1. Figure 4 is a heat-loss scale whichcan be
 gaseshas been measured, to keep from-contaminat- used to determine the efficiency .of a fire when
ing the n next gas to be measured; thus assisting in burning semibituminous coal. Suppose that the
ipsuring the accuracy of each test. temperature of the flue gas inthe stack is 550°

Fahrenheit, and that the flue gas contains 10 per-
7. Heat Loss cent carbon dioxide. According to the scale, the

7-1. The tofal ‘heat loss from a heating unit can  heat loss would be 20.7 percent. ,
be divided into three groups. These groups are’ 8-2. One pound of fuel burning and producmg
loss up the chimney; loss through the grates; and  only CO produces 4550 Btu. However, 1 pound
less caused by conduction, convection, radiation, - of fuel burning and producing 20-percent CO. re-

“and so on. The heat loss up the chimney is by far  leases as much as 14,550 Btf. To decrease the-
the greatest thief. This heat loss can be further  heat loss ;and increase the percentage of carbon
divided into other groups such as excess air loss,  dioxide; you gradually reduce the air supply. Re-
unbumed fuel loss (smoke), and excess flue gas duce the air supply to a point where an analysis
temperature. The heat losses by excess air loss and ~ will show just a trace of carbon monoxjd@lsup-

6 L .
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SCALE OF HEAT LOSS IN FLUE GAS
(Stack Loss)
FU»EL:) Semi-bituminous Coal

s

"% Loss % Loss
With Stack’ % With Stack
m Temperature Temperature

' 350° co, - 550°

> 9.2 * 18 Yo13s
9. 4 17 14,0
9.7 16 14. 6
10.1 15 15.3
10. 6 14 | 16.1
11.2 13 17.0

11.8 12 18.0 .
12.5 11 19.2
13.3 10 20.7
14. 4 . 9 22.6
15.7 8 24.8
17. 4 7 27.7
19.7 6  31.5
22.9 5 36.9
27.6 4 45,1

35.3 3 58.5 ©

Figure 4. Scale of heat loss.

) 3 .
Ply just enough additional air to get rid, of thg

carbon monoxide, and then allow the fire to burn °

in this manner without making any other adjust-
ments. The carbon dioxide will increase, and the
stack temperature will decrease considerably.
8-3. By cutting down the air supply, the carbon
dioxide content would be raised tg 14 percent and
the stack temperature lowered to 350° Fahrenheit.
Referring to the scale, the heat loss would reduce
“from 20.7 to 10.6 percenty This feduction in heat
loss would amount to a saving of ‘about 226 pounds
of coal out of every ton.

8-4. The highest efficiency is attained when

complete combustion is secured with a minimum

&

o¥

- ——.

™
of air supply. If perfect combustion could be at-
tained, the resulting temperature would be high -
enough to melt the brickwork of the furnace and
fuse the ash with the carbon and form slag on the
- grates. It is obvious that there are limits fo the
- “tarbon dioxide pgreentages with which it]
o ble to conform. T

9. Determining Combustion Efficiency

s 9-1. Combusticn efficiency can be detef
from time to-time when periodic checks aref made.
Graphs like those in figures 5, 6,7, 8, 9, ¢
"are used to determine the combustion efficiency
when burning some of the common fudls, !

9-2. To properly use these graphs, it js neces-
sary to know four conditions. First, the pllrcentage
of carbon dioxide in the flue gas; second, the tem-

he flue gas; third, the room iempera-

, the type of fuel being used. With

ency. First, find the difference be-
Av¢ stack temperature and the room
temperature. Next, locate the point that represents
this difference on the bottom scale of the proper
graph. Then find the diagonal line which repre-
sents the amount Qf carbon dioxide in the flue gas.

Also find the point of interception of the two lines. |

from where the two lines intercept. The point at
which the horizont?l- line crosses the left-hand sca
represents the percentage of heating efficiency.
9-3. The figures given on these graphs’ ar
based on common fuel analysis. Better than %Ve
. age fuels will show a higher efficiency rating tha
those shown on the graphs; fuels belpw averag
will show a lower efficiency rating.
9-4, Suppose you are burning subbituminou
oal in a heating unit; the flue gas temperature i
510° Fahrenheit; the room temperature is 80°
Fahrenheit; and the flue gas contains 10 percent
carbon dioxide. What is the combustion efficiency?
Using the graph in figure 6, you find tHat the com-
bustion efficiency is 78.5 percent. This means-that
21:5 percent of the heat produced by the heating
unit is lost through the stack.

3

Finally, draw a horizontal line to the left-hand scale /

4
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CHAPTER 2

Fuels and Fuel Systems

MANY TREES, ferns, and other types of vege-

tationthave grown, died, deeayed, and been

covered with layers of the solid particles that form

thg carth’s surface. This vegetation, which was-
held under great pressure for centuries, formed
coal. Petroleum, from which fuel oil is derived,

and natural gas are also of organic origin and are ~

believed to have been formed by a similar process.

Coal, petroleum, and gas are three major natural

sources .of fuel for heating systems. In order for
you to efficiently do your job as a heating systems
specialist, you must be acquainted with these fuels
and must know something about their inspection,
handling, storage, and characteristics.

* 2. In this chapter, you will read about various-
fuels and the fuel systems that burn them. and you
will consider the characteristics of both. You will
study the aspects of coal, coal ‘inspection, coal .
sampling, coal storage. coal handlmg. and cohl sup-*
ply systems; oil.- oil storage.. oil supply systems.
and units of the fuel oil systems; and natural gas,

* liquefied pctroleum gas, blast furnace gas. and

"pas supply systems. .. .
10. Solid Fuels '

-

10-1.. Millions of tons -of coal are purchased v

annually by ‘the mxlitary “All contracts for_coal
procured for the Air Force are handled by the
Department of the Navy. Virtually all contracts
are awarded on the basis of a Bureau of Mines
analysis requmng careful periodic samplnig and
analysis.

10-2. To have a better understanding of the

.properties of coal, it is necessary for you to

know its composition. Coal is 2 mineral formed
in the earth by decayed plants, trees, and other
forms of vegetation. Chemically, it is composed
of varying proportions of ‘carbon, hydrogen,
oxygen, sulphur, and noncombustible materials
called ash. The several different kinds of coal
purchased by ‘the military are anthracite, bitumi-
nous, subbltuminous, and lignite.

10-3. Anthracite is the hardest grade of coal
obtained. It'is very dense and stonelike in strue-
ture and has been referred to as stone coal. In its

~

¢

natural formation there are no faces, butts, or
natural lines of cleavage. It must be crushed or

reduced in siz¢ for the market by breakers specially

designed for this purpose. Anthracite has a very’
shiny, blaék appearance as compared with other-
grades of coal, and it is minutely sized. Variations -

in pmaller sizes are measured in sixteenths of an
inch), and variations in larger sizes are measured

in quarter and half inches. Because of its hard.
structure, anthrdcite does not degrade or break,-

easily during handling and' storage. It is low in
moisture and volatile content, but high m ﬁxed
carbon. ,

+10-4. Bituminous coal is commonly referred
to as soft coal. It is the type of coal most used
by the military. Bitumirous coals have s wide
variety of physical and chemical properties.
They are semidense, not granular, and are blocky
in structure. Because of the natural faces, butts,
and lines of ¢leavage, the prepared sizes are cubi-
cal in shape and retain this shape after breakage.
Degrees of hardness vary; some bituminous coals
are quite firm in structure and present no partic-
ular handling problems to prevent size degra-
dation. Others coals, because of natural slips or

independent faces, undergo considerable size deg- _

radation with normal handling.

10-5. Subbituminous is. the next to lowest in
rank of coal used by the military. Only about 2
percent of all coal used by the military is subbi-
tuminous. However, as much as 70 percent of the

total reqmrements used ‘at-one installation may

be of this type. Subbituminous coal is mined and
consumed in western sections of the United States,
Freshly mined subbituminous cogl closely resem-
bles ordinary bituminous coal in density, structure,
and fracture, but its appearance is slightly duller.

Chemically, it is distinguished from' bituminous.

coal by its high moisture content, which ranges
from 20 to 30 percent, The average ash content of
subbituminous is approximately 4 percent lower

- than the average ash content of ordinary bitumi- |,

14,

nous. Also, the average British thermal unit (Btu)
content is approximately 2,500 less per pound wet
and approximately 1,000 less per pound dry than
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bituminous. The average ash softening tempera-

ture js approximately 400° F. higher than that of
average bituminous.

10-6. Lignite has the same general character-
istics as subbituminous coal, but it has a higher
moisture content and a lower Btu value. Lignite
is used only at installations where it is consumed
immediately after being mined.

10-7. Coal Inspection. Coal inspection in-
sures that the- coal supplier complies with the
coal contract specifications. It includes a visual
inspection and a chemical analysis.

10-8. A visual inspectxon is made to see if the
shipment is made in the type of car specified in
the contract. As stipulated on DD Form 416,
first and second preference must be stated in the
space provided. If coal is shipped in an unau-
" thorized type of railroad car, it should be ac-
cepted only under protest, through the appropri-
ate military command to the purchasing agent.

10-9. When inspecting coal to determine that
it is reasonably free from impurities, the inspec-
“tor must rely on his knowledge of the appearance

of previous shipments. The relative condition of

ahy carload must be established by comparison
with the average condition of previous carload
shipments from the same source. When visually

. inspecting a carload or truckload of coal, the en-

tire top of the car is examined closely. It is in-
spected at nine or more points in three diagonal
lines across the top of the car. Dig into the coal
and expose it to a minimum depth of 2 feet.

10-10. Coal -should be checked for freedom
from slate, boney coal, sulphur balls, rocks, dirt,
mud, clay, and other impurities. Coal that is
stained or colored yellow, red, orange, or chalky
gray is generally outcrop coal or coal with cover
so shallow that surface water seeps into the
stratum of coal and stains it, not only on top but
on slips and butts. A stratum is a sheetlike mass
of sedimentary rock or earth of one kind, usually
‘in a layer between beds of other kinds. Ordinar-
ily, outerop coal is of poor quality, high in ash,
low in heat units, and Soft and friable (easily
crumbled).

10-11. The loss or theft of coal in shipment
should not exceed 1 percent of the weight of coal
as it is shown on the shipping bill of lading. The
loss of coal can be detected by the disturbed or
irregular appearance of the coal at the top of the
car. If the contents of the car appear to have
been disturbed, a record of this is made. -

10-12. Coal should be rejected when the re-

sults of the visual inspections are unsatisfactory.

In this case, the post engineering office of the ap-
propriate Army command concerned should be
notified immediately and the authority obtained
for rejection.

10-13. Coal Sampiing. Sampling is oné of the
most important features of determining the sue-
cessful and satisfactory appﬁgation of the speci-
fication method of purchasing coal. "Its purpose
is (1) to furnish the means whereby the Govern-
ment is assured of receiving the coal contracted

for; (2) to protect the interest of the Government

by providing the means for determining liquidated
damages if contractors fail to deliver coal of the
quality guaranteed; and (3) to furnish the pur-
chasing officer an official basis for making his
purchases. The importance of proper sampling
and analyzing in the Government coal purchazes
is therefore obvious.

10:14. Every sample must be collected and
prepared carefully and conscientiously. The sam-
pling is of primary importance. If the sample is
improperly collected and prepared, it is usually
impossible or impracticable to collect another;
whereas if an analysis is in error, the reserve
portion can be analyzed.

10-15. Samples must-be collected by a trained
and. experienced sampler. Officials responsible
for the sampling must witness the process from
time to time to insure proper collection and
preparation of the Samples. A sampler may be
required to certify the method of collecting and
preparing samples. The purpose of certification
is to stress the importance of doing the sampling
conscientiously and to fix the responsibility for
proper sampling. .

10-16. The time to take the sample of coal is

" while the coal is in motion, that is, during the
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loading or unloading. When this is not possible,
top sampling can be employed. When it is neces-
sary to take samples from the top, it shall be
stated in the report that top sampling was
employed. Samples should not be collected from
the tops or sides of piles in storage areas, because
samples so collected are unreliable and are not
representative of the car or truck of coal. :
10-17. A gross coal sample, totaling not less
than 1000 pounds of coal, should be gathered in
proportionate amounts from the total cars of coal
to bejexamined. The gross sample must not rep-
resen%than 20 cars or 1000 tons, or include
coal fro nes other than that which is included
in the contract. The weight of coal faken from
individual cars to make a gross sample varies with
the number of cars. For instance, if one car i$
sampled, then 1000 pounds should be taken from
that car. However, if 20 cars are sampled, then
50 pounds should be taken from each car. The
same procedure is used when taking samples from
dump trucks, except that with dump trucks, the
samples can be taken from more than 20 truck-
loads provided the total tonnage does not exceed

1000 tons.
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10-18. When taking samples from hopper-bot-

tom cars and dump trucks, the very first or the last

. coal running should never be used. The best method
to use in collecting samples is to pass a shovel

through the stream of coal as it is flowing. Ex-

treme care should be taken when passing the shovel

through it, because the coal is_traveling at a fast

rate Of schd- 2

"10-19. As the samples that make up the gross
sample are collected, they are deposited in a suita-
ble reeeptacle, such as a wooden bin or metal can
cquipped with a tightly fitting lid, until the gross
sample is completed. All reccptacles must be kept
as nearly airtight as possible. This is to climinate
deterioration or contamination by forcign matter.
A card or paper with an identification record
should be attached to cach receptacle. This record
should show the coal sample number, contract
number, name of the originating railroad, kind and

size of codl, initial and number of each car from
which a sample was drawn, date the coal sample
was drawn and placed in the receptacle, and ap-
proximate weight of the original coal sample.
10-20. A gross coal sample is prepared by

Car Nos. and initials (continued)

crushing the coal from its original size to particles
which will pass through a 3 -inch screen. If a
crusher is not available, the crushmg can be done
with a suitable tamper or sledge. If a mechanical
crusher is used, and if it has a splitter, the crushed
coal is run through thd splitter until there are
about 65 pounds of crushed coal left. This will be
enough to fill a standard Bureau of Mines riffle

bucket. Next, the 65-pound sample is hand-riffied

down to about 3 pounds, or enough to fill the
standard Bureau of Mines coal-samplmg shipping
container.

10-21. All entries regardinx the coal sample
are made on the United States Department of
the Interior, Bureau of Mines, Form 6-220. This
form, properly. filled out, is shown in figure 11.
It can be procured from the Bureau-of Mines,
Pittsburgh, Pennsylvania. The form is com-
pleted in duplicate. The original is sent with
the coal sample to the Bureau of Mines. ‘The:
duplicate is kept on Me. In case you are in-
terested in the instructions on - preparing the
Bureau of Mines Form 6-220, refer to the United
States Bureau of Mines, Technical Paper 133,

ﬁ\‘ INSTRUCTIONS AS TO FILLING AND SE AUN. g - g_A_l_‘_S_ --------------- o
The coal sample shéuld be ﬁ.".‘!‘lY. piplredimsdencemsm st -
hig :'ul.l-.-a.--.\--.-. | | |
f:m T ' UN‘TE%:T HE INTERIOR
en . Alg‘ﬁ?m) DEPARTMENT

BUREAU OF MINES

——

JUNUUPORSYTIELELS . \N.;.nn

Coal deliverad [ X -
5112 eemava e aacamaemeene s

(' rom l-oumu vt cans)
1>~ %

70 . et

7 (Hepesented By Ui 330 T

W11223 -BM 12345 o

Can No.

Tons....- ."9

Contract No. .-

,M_.-.:‘.
pates of 4elivery ...

e
Name of contractor .- Heate

Shipping PO int ... 59

(obtain (mm biD of lading)

I 65526,

Car Nos. and jnitials ...

JUNIUORS S g

-

DUPLICATE

Figure 11.

9

10

......,...o.,.......,;.‘3..... P
g conl
x}' nldxm at Imlluumn frce " '
No. E U mhnxnuw r‘"rmu-tﬂﬂvelyl
Sample” e D N | foe 1 ‘ /4" E7 7 ’
s 7
coal - Bltum‘nou lhm-l mul p\u)

* NO. e |
‘/ﬂ
pate of wailing saqple...

texville. €03l G e T

Heatetwnq,‘ ......... X;P 7_1457 .PRR.. £0265..-GQ- 22461, Qs

[ -

626_-FP-6

ey e umbat)
(et ) numlm o ot nnd ite

:Mine na\me _Peeplef.

Remarks

Bureau of Mines Form 6-220.

29

.



".Elqc:

A v 7ext Provided by R

RAILROAD

bbb

OSSN .

o 0NNeN NPPRNN0NN

P 3
L 3

Laaa =t + g

=
b
9
o
¢ Y
- +*

. I COAL
UNLOADING ZONE

COAL AVENUE

O

”

‘ COAL DEPCT
WEIGHT

VRSN

Ry ‘"'Y::‘%h»\q;
e

=

Figure 12. Typical coal storage quaul.

dated 1957. The above references also pertain to
the preparing and mailing of coal samples.

10-22. Coal Storage and Handling Equipment.
Coal should be stored only on ground which has
been properly graded anf surfaced. A typical coal
storage layout is shown in figure 12. The improper
storage of coal can cause spontaneous combustion.
Usually, some of the coal is wasted when it is
stored on soft ground, because it sinks into the
ground and mixes with the dirt and other foreign
matter. When this situgtion occurs, the foreign
particles in the coal uygually warp the grates of
heating units, the&Teplacement of which results in’
the loss of manpower. There is also extra wear
and tear upon the equipment uscd to nfove such
noncombustible materials. Heavy coal losses usu-
ally occur when the coal is stored without proper
drainage. The paragraphs that follow contain some
of the rules which should be followed to minimize
the loss of coal during storage.

10-23. Coal should never be stored near
sources of heat, and fresh coal should not be piled
over old coal. The storage piles and storage sur-
faces should be kept free of metal scrap, rags.
paper, waste, scrap wood, glass bottles, and other

foreign materials. '
ngl/(‘)-%. Some sizes of bituminous coal, includ-
ingAump, egg, and nut, are not piled higher than

18 feet, to prevent spontaneous combustion, éx-
cept with the specific approval of the Army
coramand concerned. Storage of bituminous, run-
of-mine coal should be limited to a maximum
height of 13 feet, unless higher stock piling is
approved by the Army command concerned. An-
thracite coal may be stored to any desired height
within economic limits. ’

10-25. Different sizes and kinds of coal should
be stored in separate piles according to grade, size,
and function. There are, however, a few excep-
tions. Anthracite coals of the same size, regardless
of origin, should be stored in thc same pile. Bitumi-
nous coal of the same size, mined from the same
vein or of the same characteristics, should be
stored in the same pile. Bituminous lump coal with
top size variation not to excced 5 inches and bitu-
minous cgg with top size ‘variation not excceding
3 inches should be stored in the same pile, if they
have the same characteristics.: ‘

10-26. Coal is generally stored in stock piles
300 feet long and 56 fect wide. ‘An allowance of
20 feet should be made between the stock piles for
firebreaks, The fircbreaks also serve as driveways
and loading zones. This arrangement. permits ef-
ficient truck loading and travel, ample room to .
operate coal handling equipment, and sufficient
_“room to spread or shift the coal in case a fire starts
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~in one of the stock piles. The shifting and re-
handling of coal in stock piles should be held to 2
minimum to prevent the breakage and disintegra-
tion of coal into smaller pieces. ;

10-27. The discharge end of a conveyer stacker
should be kept as close as possible to the top of
the stock pile or truck bed to avoid breaking the
coal by dropping it too far. When the maximum
height of the stacker is reached, it should be moved
a sufficient distance to discharge the coal on the
side and near the top of the stock pile. The dis-
tance of the move should not exceed 6 feet.

10-28. Good judgment should be used when
storing coal with a clamsheli crane. Care should be
taken to keep coal breakage at a minimum. Fines
or slack coal creates a fire hazard in the coal stor
age pile. '

10-29. It is sometimes necessary to shift stor-
age stock piles at posts where a large tonnage
of coal is stered, If this work is done with.a clam-
shell crane, the shift can be made with very little
damage to the coal, providing the coal is not dis-
charged from the bucket until the bucket is

" lowered close to the pile so that only enough room
is allowed to open it. The position of the crane is
also arranged to reduce the angle of swing, thus
saving time and increasing the daily tonnage
moved. Storage stock piles of sized coal should
never be shifted by pushing them with a bulldozer.

10-30. Coatl should be stored in uniform stock
piles. The sawtooth piling that causes marked
variations in the height of a stock pile should not
be permitted. To avoid sawtooth piling, the con-
veyer stacker or clamshell must be moved only
short distances. These short moves make it pos-
sible to run a stock pile of uniform height, provide

160° F., within a week, there is danger of sponta-
neous ignition and you should remove the hotspot
immediately.

10-32. Metal rods, having diameters from Y
to Y2 inch, can be used instead of the metal pipes
and thermometers to detect heat in piles of coal.
The.rods are pushed down into the coal nearly to
the base of the piles approximately every 25 feet.’
They are withdrawn after they reach a constant
temperature, which requires about 2 hours. If the
inserted portion of the rod can be held in the hand

at the hottest point, there is little danger of im- -

mediate ignition. However, if the rod is too hot

to hold in your hand, you should remove the hot~

spot of coal immediately.”
10-33. Water should not be applied to burning

storage coal piles to extinguish a fire, or to stor-

age coal piles which are heating. Water has a tend-

- eéncy to -aggravate both conditions, and spreads

a natural side slope on the pile, reduce the break- '

age of coal, eliminate lowering and raising the con-
veyer stacker, and save storage space. Coal stored
in irregular piles is very difficult,to inventory.
10-31. Storage piles should be inspected at
least once a week for cvidence of excessive heating

the fire or hotspots to other points in the storage

pile. Water should be applied to hot or burning

coal only after it has been removed from the stock

pile. Hot or burning coal should be remodved from. ‘ -

a’stock pile preferably with clamshell cranes, power

shovels, or all-metal conveyers. Removing hot or . - -

burning coal by hand with a shovel is slow and
dangerous. All coal in the vicinity of the fire which
has a temperatare of 100° F. or more should be
removed.. Any coal which has been damaged by
heat or fire should be aerated and used at once.

If the entire stock pile or a large portion of,it shows -

danger of heating, the entire pile or affected por-
tion should be removed, aerated, and restored.
Slack coal or screenings should be thoroughly com-

pacted after the temperature has dropped to a safe

point.

10-34., Coal Supply Systems. Coal is usually
transferred from the storage pile to'a bin or area
near the healing system where it is to be used.
From theré, the coal is placed in the combustion
chamber of the heating unit either by hand or by

* mechanical means. The coal for domestic instal-

or spontaneous combustion. Such evidence is ordi-

narily discovered by evidence of steam, or by the
odor of coal gases escaping from the coal piles.
To make a complete inspection f the coal piles,
% -inch metal pipes, closed at the bottom and
reaching nearly to the base of the coal, are placed
in the coal pile approximately every 25 feet. With
this arrangement. thermometers can be lowered
into the pipes for checking the temperature of the
coal pile at that point. The pipe should not be re-
moved once it has been inserted, because the hole
leftin the pile by the pipe aids in the generation
of heat. If the tempcrature of the coal reaches
120° F., the coal should be watched closely for
any rapid rise in temperature and provision made
for immediate removal of the hotspot when the
rise occurs. If the temperature rises to about

~
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lations, if mechanical means are used, is placed
in the combustion chamber by means of a small

-screw-type conveyer ‘tube, such as that shown in

figure 13. This feed screw carries the coal from
the storage bin to the hopper of the stoker. Then
the stoker feed screw carries it into the combustion
chamber of the heating unit. : '

10-35. In larger installations, such as central
heating plants, the coal is transferred to the stoker

hoppers by chutes, as illustrated in figure:14.

11. Liquid Fuels .
11-1. With the invention

placement of radar units in isolated spots, the need

arose within the military for a heating fuel that

could be easily transported. Coal was not the

practical fuel, especially in the arctic regions where

3i - -,

of radar and the :




FEED SCREW

X

"ASH REMOVAL SCREW

Figure 13. Typical screw feed conveyor tube.

some of the sites arc accessiblc only by air during
the winter months. Therefore, liquid fuel was se-
lected for most of these sites, since it is easily
transported and can even be dropped by parachute
in emergencies.. :

11-2. The liquid fuel was considérably less ex-

pensive to handle than coal and resulted in sub-
stantial savings in terms of manhours and money.
The use of automatic and semiautomatic firing
systems, made possible by the liquid fuel burners,

greatly increased the number of heating units that
could be safely fired by one man.

11-3. Characteristics of Fuel Qil. The most
important of liquid fuels is fuel oil. It is com-
posed of combustible liquids and asgmall amount
of noncombustible matter. The standard for desig-
nating fuel oils in the Uyited States is issued by
the Bureau of Standards of the United States De-
partment of Commerce. The oils are numbered in
grades 1, 2, 4, 5, and 6, and titled Commercial
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Grades (CSG). Fuel oil grade 1 is a
distillate oil intended for vaporizing, pot-type
burners and other burners requiring this grade.
Fuel oil grade 2 is a distillate oil for general pur-
pose, domestic heating to be used in burners not
requiring the grade 1 fuel oil. Fuel oil grade 4 is
an oil for burner installations not equipped with

preheating facilities. Fuel oil grade 5 is a residual- -
‘type oil for burner installations equipped with pre-

heating facilitics. Fuel oil grade 6 is an oil for use
in burners equipped with preheaters, thereby per-
mitting the use of a high-viscosity fuel.

11-&. Viscosity. Fuel oil is stable at normal
temperatures. and its evaporation at these tem-,
peratures is relatively unimportant. Pumping char-
acteristics of fuel oil at mild ,t;mbe turcs are simi-
lar to those of water. However, Rgecautions must
be taken to protect tanks and piping in cold cli-
mates. This is because fuel oil thickens at low
temperatures, and heat must be supplied to heavier
grades of fuel oils by using steam coils. This per-
mits normal movement through the piping.

11-5. Expansion. The pressure in a closed sec-
tion of a system, pipe line, or hose increases rapidly
with a substantial temperature rise, because fuel
oils expand. Unless this excessive pressure is re-
lieved, leakage or permanent damage to valves,
meters; and other pieces of equipment can result.

In a mechanical storage system, ‘enough air space

should remain in the tank at all times to allow for
this expansion. You will find that air is forced from
the vents when the temperature rises and re-enters
the tank when the temperature decreases. When
sufficient airspace is not provided for expansion,
the tank overflows as the oil expands and creates

a fire hazard. The tank vents are installed to allow

air to leave and cnter the tank as rcquired. These
vents must be kept clean to avoid damage to the
supply system. .

11:86. Flammability. Gas and vaporized fue
oil heated toignition temperature are combustible
when mixed with the proper amounts of air. If
ignition occurs inside a2 container or within a

confined space, destructive pressures usually de-

velop. Although fuel oil does not vaporize as
easily as gasoline, the dangers caused by the

accumulation of ‘vapors in low areas or confined -

spaces are serious. Fuel oil vapors are heavier
than air and tend to settle into pits and low
areas, creating mixtures which are fire and ex-
plosion hazards. Fuel oil is lighter in weight than
water and spreads over the surface of water. This
condition also creates a fire hazard.

11-7. Chemical effects. Although fuel oil does
not detcriorate lubricants, rubbgr, and pump scals
as rapidly as does gasolinc. afl materials. coming
in contact with fucl oil shoyld, ncvertheless, be
resistant to this deterioration
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11-8. Unloading Fuel Oil. When unloading
or drawing fuel, you should take every precaution
to insure that no static electricity exists in the

vicinity of this operation. A spark caused by static -

electricity can cause an explosion that can result
in death or serious injury to you or your fellow
)workers and damage or destroy government prop-
erty. The danger of fire or explosion can be mini-
mized by making sure that the railroad car, the fuel

oil truck or trailer, andthe fyel tank arc grounded

while the fuel transfer is being made. B
11-9. Storing Fuel Oil. Fuel oil is usuall
stored at central heating plants and at individual

buildings where oil burners are utilized for heat. -
. The storage tanks should be large enough to hold

at least 1 week’s supply of oil, estimated at the
maximum rate of consumption. The availability
and dependability of delivery will also -affect the
amount of storage space to be provided. The tank
for small burners may be the elevated type, erected

cither indoors or outdoors, with a single-pipe.

gravity oil feed line used to supply the burners.
Steel fuel oil tanks placed aboveground are usually
positioned on concrete’ foundations or columns. A
typical aboveground fuel oil storage tank installa-
tion is shown in figure 15, When underground
steel fuel oil tanks are used, they should be in-
stalled at least 2 feet or more below grade. The
distance may vary with the type of installation. A
typical underground steel fuel oil tank installation
is shown in figure 16. ‘ A

11-10. Filler pipes for. steel fuel oil storage’
tanks should be large enough to permit rapid fill--

ing. For safety, they should be at least 5 feet

‘away from all building openings ‘on the same or

lower levels. - ‘

11-11. Vent pipes are also sized for the desired
rate of filling. They extend higher than the filler
opening and are equipped with a waterproof head
and screen. No connections are permitted to be
made from them to any other pipe: The vent open-
ings are located as far as possible from buildings

and all sources of ignition. Most installations will

have a supply line running from the tank to the

burner and another line to return the excess oil.

from the.burner to the tank. The openings for both
lines should ciear the bottom of the tank by several
inches to prevent any interfefence by the forma-
tion of sludge. ‘ :

11-12. Clcaning #ie tank is not required when
a change is madc in the grade of the same type of
fuel oil stored in a tank. However, cvery effort

should be made to remove all of the old oil in the>“

tank before refilling it with the new fuel oil.

11-13. Preheating Fuel Oil. Heavy fuel oil .

grades 5 and 6 are used on central heating plant oil
burners along with lighter weight fuel oils. Pre-
heating these oils to reduce their viscosity decreases
the pumping power required. the wear on the

33

R Lo




COMBINATION TANX
VENT AND GAGE HATCH

WATER-DETECTOR LOCK
ELECTRONIC TYPE

= DIRECT-READING GAGE
WITH LOW LEVEL CUTOFF

MANHEAD

.

PROBE ROD | » PLUG VALVE
5 PUMP
L) S AL
{8YPASS vALvE | STRAINER PLUG VALVE
ALK G T TSN TR AT b S
! PLUG VALVE ;i DRAIN i :

4 s
)

.

N ) ]

l
M v d ‘

i ol

Caezarslt VALVE

’

FILL LINE DELIVERY LINE

Figure 15. A typical aboveground oil storage tank installation. N

through the coils and heats the fuel oil surrounding
the coils. : ’

* 11-15.  Hot-oil preheating. In this method of
preheating, a certain amount of the tank oil is
heated by the heating plant and returned to the
fuel storage tank. Also, the reMarn line is close to
the suction line so that the fuel supply line will
absorb heat from the return line. /.

11-16. Hot-water preheaters. Hot-water pre-
heaters are similar in construction to steam pre-
heaters. The main difference between this method-
and the steam preheating method is the use of dif-

pumps, and the size of the pipe necessary to handle
the oil. The heating also improves combustion.
Preheating is usually accomplished in one. two, or
three stages, as required. Stored oil can be heated
by steam, hot oil, hot water, or electricity.

. 11-14. Steam preheaters. Two general type
of steam preheaters are in common use for heating
fuel oils. One type is constructed so that the fuel
oil passes through coils that arc heated by steam
surrounding the coils.” The other preheater is just
the reverse. In this preheater, the steam passes
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Figure 16. A typical underground fucl tank installation.
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- ferent mediums of heating—hot water instcad of

steam is used to heat the fuel oil.

V1-17. Electric preheaters. Electric preheaters
are seldom used when either steam or hot water is
available as a heating medium. Electric preheaters
are usually installed directly on the oil burnes. But
all of the above methods can be used to preheat
fuel oils in the storage tanks as well as in the feed
lines. Usually, a fuel system will be provided with
at least. two or more means of heating fuel oil. One
means may be provided for the storage tanks and
another for the feed lines, while a third may’ be
installed on the burner. .

11-18.” In many heating systems, a remote bulb
thermostat Is used to control the temperature of the .
fuel oil in the storage tanks, fuel lines, and burners.

11-19. Maintaining Fuel Oil Storage Tanks.
An cmpty fuel oil storage tank should never be
entered by personnel without permission and in-
structions from the proper authority. It is seldom’
nccessary to clean a fuel oil tank until the sludge.
becomes excessive, the interior of the tank becomes
excessively corroded, or the tank has to be re-
paired. When fuel oil tank are cleaned, certain
safety precautions must be' complicd with and cer-
tain methods followcd. . Information concerning
these will be supplied by your supervisor. -

11-20. Types of Fuel Oil Supply Systems. Oil
is transferred from the storage“tanks to the burners .

pensate for varying loads, provision must be made
in some systems to return the unused oil to the
stglgg&%trx’k or to recirculate it through the supply
system. The following paragraphs are devoted to a
discussion of some of the commonly used types of
fuel oil supply systems. _

11-21. Single-pipe, gravity-feed oil supply sys-
tem. Single-pipe, gravity-feed oil supply systems
are used in small space heater installations. -An
illustration” of tifs type of system is shown in .
figure 17." In this system, the oil storage tank is
installed at a. higher Iével than the burners. This -
:allows the oil to flow to the burners by gravity. No
provision is made for-the return of unused oil to’
the storage tank. since the oil flow is controlled by
the amount that is used by the burner. :

11-22. Single-pipe, forced-feed oil supply sys-
tem. - The single-pipe, forced-feed oil supply sys-
tem is normally used it is impossible to use a one-
pipe, gravity-fecd system, In this type of system,

_ the storage tank is usually below the level of the.

burner. An oil pump, usually a positive displace-
ment type, is installed in the system to force the
fuel oil to the burner. This system recirculates the
unused oil through -the pump. . .
11-237"Bouble-pipe, gravity-feed, forced-return
oil supply system. Fuel oil supply systems of this
type are designed for larger installations than those
mentioned previously. The fuel supply line in this

by either forcevpumps or gravity. Since it is not - system is essentially the same as for a single-pipe,

practical to maintain accurate regulation to com-
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Figure 17. A single-pipe, gravity-feed fuel il supply $ystem.
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Figure 18. A double-pipe, gravity-feed fuel oil supply system.

two systems lies in the methods of handling excess

_ fuel oil. This is accomplished in this system by the
addition of a fuel oil return line. Figure 18 shows
a diagram of this system. Extreme care must be

-exercised when operating a system of this type,
since failure of the return pump can cause the
burner to flood; thus forming a pool of oil in the
combustion chamber.

. 11-24. Double-pipe, [orced-feed. gravity-return
oil supply system. This type of supply system is
perhaps the mdt common found in central heating
plants. A diagram of it is shown in figure 19. This
system is similar to a two-pipe system. The fuel oil
is forced to the burner by a pump, and the excess
oil is Yeturned to the 'storage tank by gravity.

11-25. Units of a Fuel Oil Supply System.
Some of the essential units in a fuel oil supply sys-
tem, besides the storage tanks and piping, are the
pumps, valves, and strainers.

11-26. Pumps. The pumps used in fuel oil sup-
ply systems are piston, gear, centrifugal, and tur-
bine types. They are used either to pumpfuel from
the storage tanks to the burner or to pump the
excess oil from the burner to the storage supply
‘tank. A pressure relief valve is generally used on
the discharge line. '

11-27. Master valves. Master valves in the
burner manifold control the fuel oil flow to the
burners. In addition, each line supplying fuel to a
burner is equipped with an individual stop valve.

11-28. Strainers. It is essential that the fuel oil

supplied to oil burners is clean; otherwise, the

1

passages in the burners will clog. Fuel oil is kept
clean by means of oil strainers. A typical duplex
fuel oil strainer is shown in ﬂgure 20. This unit
has two strainers in one body. It is constructed in
such a manner that the flow of fuel can be directed
through either of the strainers by the use of the
hand lever. In this way, one Stfainer can be cleanied
while the other is in use.

11-29., Maintenance of Fuel Oil Supply Lines.
The fuel oil supply lines. should be checked for
leaks by starting each pump in succession. This
inspection should include the nuts on all valves,
strainer caps, plugs and caps on air chambers,
pump shaft packing, storage tank connections and
fittings, all exposed piping, and controls. . The
pumps should be inspected for vibration and noise,
and their packing should be replaced as required.
All of the strainers should be cleaned at the rec-
ommended intervals by using steam, hot water, or
solvent. When air pressure is used, care should be
taken not to damage the strainer. The valves in the
system must be inspected for proper operatxon and
be lubricated as required.

11-30. Any unusual condition-or evidence of
abuse of the fuel oil supply system should be re-
ported at the time that it is first noticed.

12. Gaseous Fuels

12-1. The use of natural gas as a fuel is not
altogether new. As a matter of fact, this has been

known from a very early date—perhaps cven be-

fore recorded history. Natural gas, however, did

<
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Figure 19. A double-pipe, forced-feed, gravity-return fuel oil supply system. -

not come into its own for a great many years after
this. For a long time; fuel experts were far more
interested in manufactured gas made from coke
and oil. Manufactured gas was the chief gaseous
fuel throughout the nineteenth century, and it is
still being used in various tommunigies. Although
natural gas was not a serious comp®titor of manu-
factured gas untjl the twentietf century, it was
being used in this countrv on a modest scale in
the 1820’. )

12-2. There are three principal types of gase-
ous fuels commonly used for heating purposes.

. L
SET TANK 2''OR 3" LOWER ON FILL END

These gases are natural, blast-furnace. and lique-

fied petroleum.

12-3. 'Natural Gas. Natural gas is_perhaps the
closest approach to the ideal fuel. Stientists still
are not absolutely sure how natural gas came-to be
stored in the crust of the egrth. But, according to
the gencrally accepted theory, countless numbers
of plants and animals have been deposited On the

FOAL 0% 9N (08
oW

floor throughout the ages. The layers of
Is and plants have in turn been covered by
of dirt or mud. As thousands upen thou-
sands of years have passed, the weight of more and
yers of dirt have built up the terrific pres-
and created the he®t which have had their
effect upon the remains of these plants and animals.
It is)believed that this action has been responsible
fortonverting them into gas and oil.

. “12-4. The first natural gas well to be drilled in .

the United States was located in Fredonia, New *
York, in 1821. It was not until some time later
that natural gas became popular as a heating fuel.

" Natural gas finally came to the front as a heating

24

fuel following the ‘discovery of new gas fields, and
as more efficient mears of traqsp_ortation were
developed. ' ’ ’

12-5. - Gas burns efficiently and clean, and the -

flow of gas can be casily controlled automatically.. -
Thus, it cuts operational costs by climinating the

N
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Figure 20. A 1ypical duplex fuel oil strainer.

need for full-time operato‘rs“, except in very large

plants. A major drawback to ‘using natural gas is .

that it is not always feasible to- store it in con-
-tainers aboveground. Consequently, when the gas
supply is interrupted, another fuel must be tem-
porarily substituted. Natural gas is, however,
stored deep underground in great quantities by gas,
compapies during the summer fgr use during the
winter or when_consumption is greatest. '
12-6. Natural gas fuel supply systems. The
natural gas fuel supply systems for natural gas
heating units are unlike those for oil burning units.
Most gas burner fuel systems consist of a master
shutofl valve, pressure regulator, gasmeter, and
piping. Other gas controls, either manual or auto-
matic, usually are a part of the heating unit.
12-7.  Installation of natural gas fuel supply sys-
tems. The master shutoff gas valve is usually lo-
cated in the gas supply line at the point where the
line enters the building or other installation. It is
used to shut off the gas to the heating units. The
pressure regulator is nornially installed next to the
gas Shutoff valve. The regulator is used as a sta--
tiofi to reduce the high gas pressure in the line. In
some cases, the gas pressure is'reduced through
several stations —each station reducing the pres-
sure slightly. This is done so that when one station
fails, the rest of the statiohs will have some control
over the flow or pressure. The gas meter is usually
installed in the line next to the pressure regulator,
The purpgse of the meter is to tecord the amount
of gas used. .
12-8. Safety should be the main factor of con-
struction, when locating new gaslines. The lines
should not be located in unventilated spaces under
floors, in walls, or in attics, etc. A gas leak in an
unventilated confined area can result in an ex-
losion. Gaslines, located either above or below
the ground, should not. be exposed ‘to freezing

P
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weather. Steel pi; and fittings of malleable iron
or forged steel can be used in gas systems because -
of the low gas pressures. Gas pipes should be se-
curely fastened and supported with hooks, straps,

bands, or hang intervals of not more than 8
to 10 feet. This, of course, depends upon the pipe
size. , : .

12-9. Gaslines from the main supply to the
burner should be graded at least 1 inch for every -
50 feet of pipe to prevent water from collecting in
the lines, The main gas valve should be installed
outside a building, so, that it is easily accessible in
case of a fire inside the building. The trend in
present-day building construction places both the

- main gas valve and the gas meter near the outside

of néw constrgction. Gas pipes should never be

- used as part of an electrical groundi)ng system—-

cold water pipes are preferred.

12-10. With the system under pressure, a leak
test should be made at each connection before
placing a new installation into service. A solution
of seapy water is applied with a brush at each joint
when checking for gas leaks. A soap bubble will
form at the joint if a gas leak éxists, .

CauTioN: A lighted match or candle must
never be used to check for gas leaks, since the
escaping gas is apt to ignite and cause an explosion

4

and a fire. .

12-11. Maintenance of natural gas fuel supply
systems. Very little maintenance is required on
natural gas fuel systems other than checking for gas -
leaks, the wvibration of piping, and the rusting of
black iron pipe. o ’

12-12. Blast-Furnace Gas. Blast-furnace gas
is a byproduct of blast-furnace operation. It is a
lean gas with low heating value, and it is produced
only in varying quantities. It must be used as fast
as it is produced, because of its instability, and it

. can- be piped only. comparatively short distances

from the producing furnace. For this reason, its
use for heating is limited to those installations near
the producing plant.

. 12-13. This kind of gas carries a large amount
of dust and must be partially cleaned before it is
used. Usually, the heating units which burn blast-
furnace gas have oversize combustion chambers,
because such large quantities of gas must be burned
to obtain the minimum amount of heat. Blast-
furnace gas supply systems differ in design from
natural gas installations, and the variance depends
upon the hcating value of the gas. «

12-14. Liquefied Petroleum Gas. The use of
liquefied petroleum (L.P.) gas—such as butane
and propane—for cooking, for processing, and for
heating purposes is increasing rapidly. This manu-
factured gas is usually more expensive than other
types of gas. However, the ease with which it can

’
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be transported to localities far distant from the
gas manufacturing plants has increased its popu-
larity.

12-15. Liqueﬁed petroleum gas is compressed

- fat the refinery into suitable containers to pres-’

..sures up to 200 pounds per square inch. At high
pressures, the gas is changed to a liquid. ,When
the gas is used, the pressure is reduced to ap-

-proximately 6 to 8 pounds per square inch. This
: reduction in pressure causes the liquid to change -
_back to a gas. The L.P. gas is readily combustible

and produces ij:tense heat. In the pure state, it
is odorless; however, an odorant is added to in-
sure its detection in case of a leak i%e tank

or piping.

~

12-16. - Liquefied petroleum gas supply systems -

are similar to natural gas supply systems. How-
ever, this gas is obtained from a tank located

~

near the heating unit, while nautral gas is piped )
in from gas flelds. Installation procedures for -

the supply line running from the tank to tlge
heating unit are similar to those for natural gas

lines. In most cases, the pressure regulator and - - ﬁ
.the main valve are located in the line near the
tank. No gasmeter is utilized in this system;

however, a gas gauge located on the tank serves
to indicate the amount of gas left in the tank,

12-17. The maintenance required for- hqueﬁed .

petroleum fuel systems is practically the same as
for maintaining natural gas fuel systems, Lique-
fied petroleum gas is heavier than natural gas

and, therefore, quickly -settles into low places.

For this reason; all’of the valves-and connections

should be tight enough to prevent gas leaks. A
soap solution should be used to check the system. -
for leaks. A flame should never be uaed when -

checking for leaks. ‘
o
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HE EARLIEST forms of heating homes were

direct methods. They included the open fires
with which primitive men warmed their dwellings.
Some types of stoves and braziers (pans for hold-
ing burning coals) were adopted by the Romans
and are still employed in various parts of the world.
In the colder portions of Europe, the fireplace was
devcloped as a method for heating rooms by means
of an open fire. The first fireplaces were hearths
with short flues recessed into the walls of buildings.

Fireplaces with high chimneys, which rosé above .-

the roof of the building and provided adequate

-draft to keep the fires on the hearth burning

brightly, were introduced during the 12th century.
Fireplaces of today consist of.a hearth closed on

, CHAPTER 3

' Heating Unit Insi‘,'allati’cn_

©

. more complicated heating equipment ydu will use

three sides with brick, surmounted by a completely,

inclosed chimney or flue which carries away the
smoke and combustion products of the fire. On
the hearth is a metal grate’ raised on legs,-or a pair
of metal supports called firedogs or andirons.
Grates, to permit the circulation of air under the
Jfuel for combustion _purposes, %re used when coal
or coke' is used for fuel.

3. The useful heat given off by a ﬁrcplace con-

sists of the heat radiated directly by the burning

fuel and that which is absorbed and reradiated by
the side and back walls. From 85 to 90 percent
of the heat from burning fuel is lost in the combus-
tion gases and smoke which go up .the chlmney
The inclusion of fireplaces in modern houses is
for beauty and style rather than for their, thermal

. efficiency. . °,

3. Tn.this chapter you will read dnscussmns on
types of coal, oil, and gas space heaters which are
more efficient heat producers than the fireplace.

" You will also study the installation, operation, and

maintenance of these heaters. You may.be called
upon at any time to install, operate, or maintain
any one of these various types of space heaters.
When you do have such an assignment, your super-
visor will expect you to have'a working knowledge
of the type.and of the fuel required to operate the
heater. Hining the knowledge contained in this

throughout your Atmy career.

-~

13. Spage Heaﬁng o
13-1. A-space heater—or stove, as it is some- -

times, calléd—is an inclosure of metal or ceramic
materials in which fuel is burned to provide heat.

It is an improvement over the fireplacebecause its
radiating surfaceis relatively largerandin contact = - P
with the air of the room, and because it gives a
certain amount of heat by air convection, as illus-
trated in figure 21. An eﬁidienf\tx:od.ern space

heater utilizes about 75 percent of the heat of the ' €l
fuel burned in it. In rural areas of the United e
- States and many other parts of the world, space v :

heaters are still being used extensively for heating
houses. The fuels burned in these types of heaters
include wood, coal,,coke, peat, oil, and gas.

13-2." Since the space heater is not a permanent
installation, it can be located in a desirable place
in the center of a' room to provide the greatest .
amount of heat. However, the space heater is not
very satisfactory in providing comfortable heat for
a large space, because of-the method of heat dis-
tribution. The simplicity of construction, the low : .
initial cost, and the low fuel consumption—regard- S

ww
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' ‘less of whether it is coal, gas, or oil—make the

chapter, y&i will be able to better understand the -

construction; operation, and mainteénance of the

Al 2
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space heater desirable as a means of providing
heat for small areas.

13-3. Types of Coal-Fired Space Heaters. e
Coal-fired space heaters or stoves are used-in areas R
where coal is plentiful’and cheaper than other fuels.
They are sturdy in construction. and require very
little maintenance. The fhajor disadvantages in
using coal-fired space heaters are that they are
manually operated, they present ash-removal prob-
lems, and the area surroundmg them is difficult to
keep clean. - -

13-4, Two types of coal-ﬂred space heaters
commonly used by the military are the cannon
stove and'the magazife stove. The cannon stove
is side-stoked, of potbelly design, and: depends
upon radiation for its heating effect. Themagazine® © o
stove is top-stoked, has steel jackets around the L.
firebox, and depends primarily upon the circulation , - -

? . R ‘.
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Figure 21. Conveotion currents around a space heater.

of air around the jacket and firebox for heating
action. ’

13-5. Cannon stove. The cannon stove shown
in figure 22 is the space heater that is commonly
known as the potbelly stove. It is constructed
entirely of ‘cast iron sections, which make it easy

"to transport and assemble. The major component
parts of the cannon stove are the ashpit, " firepot,
barrel, topneck, and. _topcollar. Figure 22 also
shows the other major parts of the stove.

»+ 13-6. The ashpit section serves as a base for the
heater. It forms a compartment which catches the
ashes as they fall through the grates into the ash-
pan. The ashpit section is supported by legs which
keep the section from direct contact with the floor
and thereby reduce the fire hazard.

- . 13-7. The firepot, of circular construction, is
that part of the heater where the coal is burned.
The grates are located directly above the ashpit in
the lower part of the firepot. They are of finger-
type construction and circular in shape. The move-
ment of the grates is controlled by a shaker-lifter,
which is inserted through an opening at the front
*of the ashpit. Shaking the grates removes the ashes
and allows air to reach the fire.

13-8. The barrel of the stove, to which the feed
door is attached, is located directly above the fire-
pot section. The topneck and topcollar, to which
the heater flue is attached, are supported by the

- barrel. The barrel, the topneck, and the topcollar

+ ~
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Figure 23. Theater-of-operations space lxea}er.

serve as the principal means of heat radiation. The
stove is fired by hand through the front feed door.
Always check the fuel for dirt, metal, and glass
before firing, and never allow ashes to pile up in
the ashpit, because the grates will burn out. When
removing ashés, put them in metal or cement con-
tainers, since they are a fire hazard.

13-9. Megazine stove. The magazine-type
coal-fired space heater is an improvement over
the cannon stove. The one commonly used:'is
the U.S. Army No. 1 space heater. It is called
a magazine stove because the greater portion of
the body (above the grates) is a reselrvoir. or
magazine, for holding a large quantity of coal.

13-10. The drum, or main part of the body, is
made of sheet steel, liried with firebrick and special
flue brick to prevent damage to the sheet steel by
the heat. The top, doors, grates, legs, and base are
made of cast jron. The U.S. Army No. | space
- heater holds dbout 100 pounds of coal, and it will
operate for several hours.

13-11. Most models of the magazine-type
space heater are equipped with a heat exchanger.
This is a large, oval-shaped sheet metal section
(located at the entrance to the smokestack) which
helps make use of the heat that ordinarily is wasted
by going out the smokestack. The heat exchanger
greatly increases the heater’s efficiency.

13-12. The magazine stove uses a barometric
damper in the smokepipe. This is a weighted
damper that maintains a constarit draft, regardless
of wind and temperature. It helps prevent over-
heating and conserves fuel. '

13-13. Theater-of-operations space heater. The
theater-of-opefations space heater is a conversion
space heater constructed from a S5S5-gallon oil
drum. It is shown in figure 23. A kit for convert-
ing an oil drum into a space ‘heater is manufac-
tured, and it can be procured through the proper

supply channels. The conversion® kit consists of
the items shown in figure 24. The instructions
which are furnished by the manufacturer with each
.conversion kit describe the assembly, installation,
testing, and operation of the heater. ‘/

13-14. Installing Coal-Fired Space /Heaters.
Space heaters are more efficient when tzzey are lo-
cated in the center of the area to be heated. Heat
distribution is not as effecuve if they are mstalled
near walls.

13-15. When mstalhng space heaters, some
type of insulation which extends a reasonable dis-
tance” beyond the sides of the heater should be
placed between the heaters and floors of combusti-
ble materials. In some cases, the insulation is a
piece’ of sheet.metal, and in other cases it is a bed
of sand in a metal frame. The insulation is used as
a precautionary measure against fires that can be

- caused by sparks and burning coals. A space,
heater should not be pla ced near a combustible
‘wall, unless this is absolu ly necessary. A sheet
of asbestos, or other Jmable ‘insulation, and
spacers .are fastened on the wall next to the heater
if the stove is placed closer than 3 feet to a wall.
This is another precautionary measure against fires.
- 13-16. A roofjack dr smokejack should be in-
stalled after the heater is set in place. The roofjack
smokepipe should extend at least 3 feet above the
highest point of the building roof. A downdraft
hood shouldbe jnstalled to prevent downdrafts .
caused by an adjoining building, a tree, or terrain
features. Downdrafts can cause serious inter-
ference with t?e proper function of the heater, and
the roofjack smokepipe should terminate with a
suitable hood. A specially designed downdraft
hood can be installed when it IS necessary to in-
crease updraft.
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13-17. The smokepipe between the heater and
the chimney must be of the proper diameter and
must be installed in a direct line to the chimney,
with as few bends and joints as possible. This is
done to reduce resistance to the flow of smoke.
The pipe joints should fit tightly to prevent smoke

fumes from escaping into the buiﬁing, and the

pipe should be held securely by placing at least
three sheet metal screws through each joint. The
complete assembly of smokepipe is usually held in
place by smokepipe wire, fastened, to the walls or
ceiling with screweyes. A smokepipe damper is
usually installed in the first joint of pipe above
the heater.

13-18. When you are installing magazine-type
space heaters, you should be very careful in load-
ing, unloading, and moving. Never roll or slide the
units, as this might break the legs and disturb the
firebrick. You should always check the firebrick
liners for proper position and condition. In addi-

-tion, you should follow the pertinent instructions

_issued by the manufacturer and the Army when

installing coal-fired space heaters. .
13-19. Cperating Coal-Fired Space Heaters.
Coal-fired space heaters require more frequent at-
tention than oil-fired .and gas-fired space heaters.
The coal on the grates receives primary air for
combustion through the grates from the ashdoor

draft intake. Combi#kstible gases are driven from

the coal by the heat, and these burn in the barrel
of the stove. Here they receive additional or sec-
ondary air through the feed door. The side and top
of the stove absorb the heat of combustion and
radiate it to the surrounding space. '

13-20. Ashes tend to pile up above the grates

"and restrict the flow of air necessary for efficient

combustion. Not only that, the fire bed will gradu-
ally be raised to a point where the fire is burning
up in the barrel of the stove instead of in the firepot

_as more coal is added. This condition can cause

the barrel to be overheated and the stove to be
ruined beyond economical repair. It is essential,
therefore, that the grates be shaken at intervals.
Shaking the grates sifts the ashes down through
the grates into the ashpit, :where they can be
removed. : .

13-21. The ashes should be removed from the _

ashpit before they become piled up against the
undersides of the grates. Air flowing up through
the grates keeps them fairly cool, but if the flow of |
air is restricted by ashes, the grates become so hot .

they will warp out of shage. When this happens, .

you have “burned ou
replaced. .
13-22. In addition to adding more coal, shaking
the grates, and removing ashes, the operator must
keep the draft adjusted to -meet the needs of the
fire. He does this by adjusting the sliding openings
in the ashpit door and the fuel supply door. Too
much draft will overheat the stove, causing ashes
to fuse into clinkers, and too little draft can caus
the fire to go out. , '
13-23. The smokepipe damper is also used
to control the draft and the rate of fuel consymp-
tion. If it is a windy day and the smokepipe damper
is fully open, the increased draft can increase com-
bustien to the point where the smokepipe will be-
come red hot and set fire to the soot in the chimney:

grates which must be

This, in turn, could set fire to the building. Itis not

safe to leave a coal-fired space heater unattended
for a long period of time.

13-24. The magazine-type space heater oper-
ates on the beehive coke-oven principle. With the
fire started and the magazine filled within 3 inches
of the top of the flues, the coal directly above the
fire is heated and coked. Combustible gas driven

. off in this process will burn while passing through
slots and behind the firebrick flues into thesside

. combustion chambers. Primary air is supplied up-

ward-through the grates and secondary air is sup-
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STARTING A FIRE

1. Clean grats and ashpit.

2. Put 6 laches of coal onm grate.

3, Place kindling and paper on

. coal and light.

4. Cloee coal feed dosr and ash-
Pt deor. v

5. Open draft door in ashpit door
and secondary air draft elide
ia coal {eed door.

6. When coal is burning well, i1
half full and close ashpit draft
door half way. '

7. When freeh coak is burning well,
{111 magiszine to within 3 to 6
inches of top and adjuet draft
door to keep room comfortible.

REGULAR FIRING

1. Keep conl feed door closed ex-
cept whaa adding coal.
Stand to one eide when spening
fead doer.

2. Sacondary air draft elide rhould
* alwaye be epen. (Not pruvided
on all heatere.)

3. Keep coal and ashee out of eide
fluee by cleaning dally. Use
cleaning rod carefully. ,

4. Fill magazine to 3 incbee below
top of firebrick at each firing
unless fire is to be allowed to go
out that day. Uee coal scoop t~
avold eyilling coal into eide fluse.

5. Asbas on the grats protact it and
help comtrol the fire. Shaks grate
gantly from side to elde until faint
red glow appears. Pull out dump .

2 grate only to dump fire or large

clinkers. Cleas ashpit immedi-

ataly after shaking grate.

6, Coatrol fire and heat with emall
air door im ashpit door. Open
juet enough ts keey reom com-
fortable except whea buildiag a
new fire.

7. Kaep achpit deer closed tight by
tightly cloeing latch except vhou
umavlu‘ ashes.

FIREMAN'S PERFORMANCE CHART

NR 1 & NR 4 ARMY SPACE HI:ATERS'

IN CASE OF TROUBLE, CALL PHONE

. Baromaetric damper must operats
{reely te pravent a runaway fire
and everheating and to mave coal.
(Don't wedge it cloeed. ).

-

Lat fire go out. Remove and empty
soot and {ly aeh from economiser
when notified to by poet engineer
mechanic, (Net ueed on all heaters)

Never uee a pokar unleee coal melts
and bridgee acroes magaszine. Then
carefully avoid etrikiag brick or
grate with pokere as they break sae-
ily when hot.

Polish eteve body and tep as often
ae neceseary ts prevent rusting.

TO BANK A FIRE

Clese air door in ashpit door.

s ]
AVOID FIRE HAZARDS

Kaep clathes, trash, paper and other
! cembustible materiad] at least 3 {est
{rom hester.

Never put ofl or gasolise inte heater
or keep it nsar heater.

£

-

Figure 25. Cutaway of a U.S. Army No. 1 space heater and fireman's perjormance chart."

plied through the hand-operated damper in the
feedbox door. The heater jacket and the top trans-
mit the heat of combustion by radiation and con-
vection to the area adjacent to the heater.’ Study
the chart in figure 25 which shows how to operate
the U.S. Army No. 1 magazine space heater.

13-25.  Maintajning Coal-Fired Space Heaters.
Coal-fired space heaters should be inspected in
-accordance with the base schedule prescribed for
such heaters. You should examine the roofjack

» and the fluepipe from the outside of the building
as well as from thie inside. Any noticeable deteri-
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oration such as rusting, broken guy wires, and the
like should be reported and repaired. You should
check the dampers for proper operation and adjust
them to hold the correct position during their op-
eration. Check the feed and ashpit door hinges
and latches-for damage. Air should not be al-
lowed to leak between the doors and door frames.
You should determine if the heater body is warped,
. rusted, or deteriorated in any way, and then make
neceded repdirs. The fire pot must be empty for
you to examine the grates and shakifig mechanisfns.
If warping or other damage is found when examin-
ing the grates-and shaking mechanism; the damaged
parts should be repaired or the whole assembly
- replaced as needed. This inspection can usually
be accomplished through the feed or ashpit doors.
You should always be on guard against fire and
safety hazards such as damage to metal-covered
asbestos, insulating board, or other protective de-
vices located between the space heater and the
building floor. Also, look for combustible ma-
- terials that are stored too close to the space heater.
If any of these hazards exist, report them immedi-
ately to your supervisor, who should see that they

. are corrected.

13-26. Types of Oil-Firéd Space -Heaters. In

areas where oil is the principal fuel, oil-fired space’

heaters are used for many space heating require-
ments. Essentially, they serve the same purpose
as coal-fired units. Oil-fired heaters are of much
lighter construction, however, than coal-fired heat-
ers. Particular attention must be given to their
care and proper maintenance. -

13-27. Oil-fired space heaters are very simple
in construction. They consist of a burner, a com-
bustion chamber, an outer casing, a fuel tank, and
a fuel control valve. An air space is provided be-
tween the combustion chamber -and the outer cas-
ing. Air that enters through grilles in the bottom
of the heater is heated and then passes out through
the grilles in the top of the unit.

13-28. Some oil-burning heaters are equipped
with a blower and electric motor, which force the
heated air into the room. The units turn at slow
speeds and are either direct drive or belt driven,

13-29. Oijl-fired space heaters have atmospheric
vaporizing-type burners, and we shall describe two
of these burners. The burners require a light-
weight grade of fuel oil which vaporizes readily at
low temperatures and leaves only small amounts of
carbon and ash. Fuel oil of No. 1 weight is gen-
erally used. The two types of oil-fired space heat-
ers that we will be discussing are the perforated
sleeve and the pot type.

13-30. Pot-type oil-fired space heaters. Natu-
ral draft pot distillate burners are widely used for
space heaters, room heaters, water heaters. and the
like. ,They account for approximately 90 percent
of all space-heating units in use. An illustration of

)

Oif tank
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- A valve
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Figure 26. A natural draft pot-type burner.

the natural draft pOt-type burner  is shown in
figure 26.

13-31. A"‘”Ehtaway of the pot-type burner is
shown in ﬁgure 27. In operation, the distillate
(oil) is fed'in at the bottom of,the burner or pilot
casing, located either at the center or on the sides.
The fuel is vaporized at this point by radiant heat
from above. The vapors rise and are mixed with

air .drawn through the perforated holes in the
burner. During high-fire con?i?ons, the flame ‘is

above the top of the combustion ring as shown
in figure 28. Under low-fire, condmons, the flame
burns in the lower portion or pnlot ring of the

burner, as shown in figure 29. The rate of distillate.
oil flow and method of ignition are often controlled :

manually.

13-32.  Sleeve-type oil-fired space hearers The

sleeve-type distillate burner is shown in figure 30.
It includes a.metal base formed of two or more
circular fuel-vaporizing grooves and alternate air
channels. Also included are several pairs of per-
forated sleeves or cylinders; one is inside, the
others are mounted on the metal base. Each pair
of perforated sleeves forms a combustion chamber
above its grooves. One or more cover plates that
rest on top of the nested cylindefs baffle the flame
and close the air passage. This forces the air

through the perforations into the oil vapor cham- -

ber. In this way a large number of air jets are
introduced into the oil vapor, producing a good
fuel mixture. The mixture burns with a blue flame,
and it is clean and odorless.

13-33. These burners usually have a short as-
bestos kindling wick for ease in lighting. Some
burners have a cup installed below the base so that
alcohol can be burned to provide heat for starting.
The wick and -the alcohol are used only for
lighting.

13-34. Installing Oil-Fired Space Heaters. Oil-

burning heaters are portable and are easily moved _

from one location to another. To get satisfactory
operation. you should follow the installation pro-
cedures supplied by the manufacturer. In both
the pot-type and perforated-sleeve burners. oil is
fed to the burner under control of a float-operated
metering valve stich as that shown in figure 31.
You must set the unit level so that the oil will
be properly distributed in the burner. The fuel
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level control valve is the only safety device in-
stalled on the oil-fired space heater.

13-35. An oil supply from an outside tank to
all heaters is often desirable when several space
heaters are installed in a building. This eliminates
frequent filling of individual tanks and reduces the
waste from spilling. Figure 32 shows the principal
clements of such-a system, and it indicates the im-
portant points to consider during the installation.

13-36. The heater should be placed the same
distance from the wall as a coal-fired heater. It
should have a metal pan made of sheet metal to
sit in, for this will catch the oil if a leak occurs,
A sandbox or ccment must not be used as both
the sand and cement will absorb ojl and create a
fire hazard,

13-37. Copper tubing is often used in an oil
supply system because of its high resistance to cor-
rosion and ease of installation. It is sold in rolls
of 50 to 100 fect, from which appropriate pieces
are cut. Flexible tubing sizes are often listed by
outside diameter and wall thickness, instcad of by
inside diameter as in the case of iron pipe.

13-38. Copper tubing can be cut easily with a
tubing cutter or a hacksaw. The cut ends must be
reamed to remove the burrs or roughness that will
restrict the flow of fuel. A major advantage of
using copper tubing is that it can be easily bent
without collapsing, especially when a tubing bender
is used. By using copper tubing you reduce the

3
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Figure 27. C utaway of a natural draft pot-type burney.

number of fittings required, and there is less chance
of leaks. Figure 33 shows the proper way to use a
tubing bender. '
13-39. Two ways of assembling copper tubing
for a fuel supply system are first by flaring the end
of the tubing and using flared fittings, as shown in
figure 34, and second by using special ferrules and
compression fittings such as are shown in figure 35,

- As you know, it is not necessary to cut threads

33

on the tubing for either type of installation. When
piping must be installed, you will use only black
iron, - o S

13-40. Since the correct flow of air to vaporiz-
ing-type oil burners depends primarily on -the
chimney draft, careful attention must be given to
this feature. Poor draft results in a smoky flame
that produces very little heat, while a downdraft
makes it almost impossible to keep the flame going
at all. An automatic type of damper is usually
installed in the first joint of Stovepipe at the point
where the pipe leaves the heater. It is a weighted
butterfly damper that maintains a constant draft,
regardless of wind and temperature. For this rea-
son, it is usually called a “draft regulator” instead
of a damper. An illustfation of a draft regulator-is
shown io figure 36. . :

13-41. The automatic and proper operation of
a draft regulator depends upon correct installation,
because it must be balanced correctly and be free
to move at the slightest change in draft pressure.
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Figure 28. High-fire flame.

a

Regardless of whether the regulator is installed in 2
vertical, a horizontal, or an angled smokestack, the
top of the damper must be at the true top position.
“The face must be plumb (straight up and down).
When the regulator is used in a horizontal or near-
ly horizontal pipe, the counterweight is not used.
13-42. Tt is necessary for the heating specialist
to know how to install flues and make repairs
affecting draft in order for himto understand the
factors affecting draft. All heating equipment
should have a properly constructed chimney. The

chimney should be made smoketight throughout,

UPPER RING

LOW FIRE RING

Figure 30. A sleeve-type distillate burner.

 and should have the flue area and height that are

in accordance With best engineering practicgs. Too
many times the heating equipment is blamed when
the fault lies entirely. with draft conditions in the
chimney. If the equipment is being installed in an

existing structure, the chimney should be examined
and reconditioned ‘as necessary. A good chimney *

should be at least 25 feet high and of the approv
size, with no sharp turns or abrupt offsets, and it
should extend at least three feet above the highest
point of the roof or any other structure or obstruc-
tion within 30 feet of it. When the wall that forms
a chimney flue is made up of less than an eight-
inch thickness of brick, concrete, or stone, a

burned fire clay flue tile lining should be used.

Care should be taken to see that the lengths of flue
tile meet properly and have no openings at the
joints. '
13-43. The draft in a chimney is created by the
difference in weight between the hot air or gases
inside the chimney, and the cold air on the outside.
Hot air always rises; consequently, the hot gases
produced by combustion will rise in the chimney
and cause cold air to be drawn into the space
heater to replace it. Th"continuous action of the
hot air rising in the chimney, and being replaced
by cold air drawn through the stove or space
heater, is called “draft.” In cold weather, the draft
may be stronger, because of the much colder air
outside the building; whereas in summer, the draft
is less due to the smaller difference between the

temperatures (and weight) outside the building

and inside the chimney. _
13-44. Knowing the principles on whicha good
_ draft depends, and assuming that the space heater
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NOTE: THIS BENDER CAN BE SLIPPED OVER
PARTIALLY CONNECTED TUBES AS 17 (S

- APPLIED AT DIRECT POINT BEND

1 RAISE 5LIDE

3% & OROP CLIP OVER TUBE
N

NOTE: ZERO MARK COINCIDES
. . / WITH MARK ON BLOCK

) BAR UPWARD -
_

3 L
. A\ N

LT T S

TO MMOVE BINT TUBE,
UPT SUBE BAR HANDLE TO
ONGINAL POSITION AND
RANS CUP

. »
3 WITH RIGHT HAND. CONTINUE
1O BEND TUBE TO DESIRED
ANGLE BY PRESSING HANDLE . ~

AS SHOWN BELlOW

Figure 33. Tube bending.

will be connected to a well-constructed chimney,

~ you should observe the following when making the

smokepipe - connection. You should mauke ‘the
connection from the space heater to the chimney as
short as possible. Install the smokepipe with an
upward pitch of not less than one inch per running
foot of length. You avoid sharp turns or other
constructional features that will create excessive re-
sistance to the flow of gases. Also, keep the smoke-
pipe from entering beyond the inner wall of the
chimney flue. )

13-45. To be sure of doing good work when
installing flues, the heating specialist must be able

36

to recognize the common work faults, know how
to correct them, and avoid making them. In
another chapter we will discuss smokepipes and
chimneys to a greater extent. )

[3-46. Operating Oil-Fired Space Heaters.
When the oil control valve i$ opened, the oil enters
the burner at the bottom of the pot and a torch is
used to ignite it.¥As the oil begins to burn and
vaporize, the vapors rise and mix the aig entering
through the perforations in the side of the pot. The
position of the lame inside the burner depends on
the amount of vapor produced. The amount of
vapor produced depends on the oil level in the pot.
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Figure 34. Flured fittings.
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When large quantities of oil are being vaporized,
the flame stands high on the top ring, as shown
in figure 37, detail A. The vapor travels to this
-point before enough -air is mixed with it to produce

complete combustion at this high-firing rate. The -

medium-firing rate flame is shown in figure 37,
detail B. The minimum or low-firing rate flame
. is as shown in figure 37, detail C.

13-47. Figure 37, detail D, shows the effect .

when the flow of oil into the pot is too slow. The
vaporization and combustion take place at the bot-
tom of the bowl. Air to support this combustion
enters above the lower ring, so good mixing of the
air and vapor is not possible and the flame is
smoky. Under these conditions soot is deposited
" rapidly and fouls the heater and flue pipe so
heavily that good operation is impossible. When
combustion occurs below the lower ring. except
during starting, the oil flow rate is insufficient. In
this case, the oil-flow rate should be increased or
the heater shut off entirely. If the flame stands too
high above the burner or ‘extends into the flue

M2

FERRULE § '
uT

N

Figure 35. Compression fittings.

+

" ADJUSTABLE WEIGHT |

Figure 36. A typical draft regulator. )

pipe, the rate of oil flow is too great. In this case
the rate of flow should be decreased to prevent
dangerous overfiring.

1348, Malntaining Ofl-Fired Space Heaters.

Maintenance services should be accomplished in
.accordance with Army technical manuals, manu-
facturer's specifications, or local directives, to
insure the proper operation of burners. Here are
some of the common services that should be
performed on pot- and sleeve-type space heaters
during preventive maintemance. :

13-49. You should remove the soot and carbon
from the burners, heater exchangers, and chimneys.
It is necessary to ream and clean out the oil inlet;
also, to clean the oil storage tanks, the oil’ supply
lines, and.the strainers in the oil supply lines.
You should lubricate the blower motors, clean the
lighting pilot, and check all the electrical wiring
on forced-draft oil burners. Also, clean and ad-
just the oil level control.

13-50. The oil level control valve, shown in
figure 38, is an important part of thc space. heater,
so it is necessary that it function properly. To
obtain satisfactory results and uninterrupted serv-
ice you should give regular attention to. its peri-
odic maintenance. The following suggestions.are
tips for doing this type of maintenance. You
should avoid letting dirt or water accumulate on or
in the valve; therefore, clean the screen regularly.

Also avoid letting dirt or water mix with the oil. .

Make sure that the oil tanks are clean before they
are filled. Do not use the valve assembly as a
handle for lifting the heater. Before you service
the oil level control valve, make sure that the oil
supply is cut off. :
13-51. The detailed procedures for accomplish-

_ing the maintenance that is required can be found
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in applicable technical literature covering the spe-
cific installation. ‘
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Figure 37. Position of burner flame at different rates of fuel flow.

13452. TroublesHooting Oil-Fired Space Heat-
efs. Some of the commion causes of troubles en-
countered when troubleshooting pot- and sleeve-

type oil-fired space heaters and their remedies are

listed in chart 1.

'CHART 1
Low Oil Flow

Probable Causes .
Air trapped in the oil
supply lines. (This condi-
tion can be caused by a
combination of air leaks
and high points in the
supply line.)
The oil control valve might
not be level.
The oil might be too heavy.

. -

Dirt in the oil supply line.
Dirt in the metering
mechanism.

A clogged oil strainer.
Sludge clogging the
supply line. .

The fuel inlet clogged
with carbon.

Remedies

" Eliminate the high points

in the piping, correct leaks
and bleed the line.

Level the valve.

Use2he grade of oil
recommended by the
manufacturer.

Clean the supply line.
Clean the metering
mechanism. =~ «,.
“Clean the strainer. -
Clean the supply line.

Remove the carbon.

)

Burner
Probable Causes
Improper fuel.

Insufficient oil flow.
Excess chimney draft.

Pilot casing is poorly fitted
to the casing.

The burner needs cleaning.
Excessive flue downdraft.

Smokes
' Remedies

Use the grade of fuel
recommended by the
manufactureér.
Troubleshoot for low oil
flow.

* Check the draft regulator

for proper operation.
Remove and install the pilot
casing properly.

Clean the burner.

Modify the chimney heigﬁ;..,_,_w

as required, or install a

_downdraft hood.

b

Burner Goes Out

Probable Causes

Low oil supply.
Plugged vent on the oil-
supply tank.
Insufficient oil flow.

'lmproper fuel.’

Fuel inlet plugged with -
carbon.

Dirt in the oil control valve,
Qil valve is not level.

)9

Remedies

Add ail if necessary.
Clean the vent.

Troubleshoot for low oil -
flow. _

Use fuel recommended by
the manufacturer.

_Clean the fuel inlet.

Clean the valve.

- Level the valve.

o
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-Probable Causes Remedies
Filter cartridge is plugged ~ Clean the filter.
with sludge and dirt. o :
Excessive chimney draft. Check for proper operation
of the draft regulator. _

Excessivé flue downdraft.  Modify the chimney height
. as required, and install a
- downdraft hood.
Burner Flooded.
Probable Causes Remedies
Dirty float valve. Remove and clean the float
: valve, :

Emproper operation. Instruct operating personnel

on the proper procedures of

operation. !
Needle valve stuck. Clean or replace the
" needle valve.
High Fuel Consumption el
Probable Causes Remedies

Use fuel recommended by
the manufacturer.

Reduce the supply of air
to the burner.

Heat exchanger areas caked Clean the caked areas.
with carbon and slag.
Excessive chimney draft.

lmpropcr fuel.

Heat loss.

Check the operations of
the drgft regulator.

13-53, Types of Gas-Fired Space Heaters.

Gas-fired space heaters can be used to satisfy

specific heating requirements wherever gas is avail-
able. Space heaters are clean in operation, they
are easily operated, and require no fuel handling.

R -
TURN COUNTER-CLOCKWISL

COVER ——o 1S
TO INCREASE
HIGH FIRE

CLOCKWISE TO
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ADJUSTING

OW FIRE
ADJUSTING
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FINE CONTROL
MECHANISM ~-tl

VIEW SHOWING
INSTALLATION OF
INLET NEEOLE

FLOAT-NEEDLE
VALVE
ASSEMBLY

STRAINER” bo
STRAINER CAp w——=—=®

Figure 38. An exploded view of an oil control
metering valve. .

e

‘Natural, manufactured, or liquefied petroleum

(L. P.) gases can be burned in these units.
13-54. Natural'gas and manufactured gas are

lighter than air, In case of a leak, they rise and -

drift away without much danger. However, lique-
fied petroleum gas, such as butane and propane, is
heavier than air and collects 'in-low spots and re-
mains there. This condition carn easily result in a
fire caused by sparks or carelessly discarded
matches. For this reason, the leakage of L.P. gas
must be carefully avoided.

- 13-55. Gas-fired space heaters, using any of the
gases mentioned, are of similar construction. They
may be vented or unvented; that is, they may or
may not be equipped with a pipe to carry away
the flue gases. -

13-56. Unvented gas space heaters. Unvented
gas space heaters are usually of the open-flame
type, in which the gas burns in an open combustion
chamber. These heaters should be used only in

well-ventilated places so as to gradually remove, '

the carbon monoxide and other gases produced

by the gas flame.

*

13-57. Vented gas space heaters. The vented
gas space heaters are of the inclosed type. They
consist of a.steel cabinet ptovided with top and

bottom grilles or openings to facilitate the circula- .

tion of warm air. The flame burns in a closed
combustion chamber, and the gases are carried
away by the heater vent which is connected to the
pipe. Space heaters of the vented type are more
satisfactory than the unvented type, because there
is less danger of carbon monoxide poisoning. A
typical floor-type vented gas space heater is shown
in figure 39. :

-13-58. Installing Gas-Fired Space Heaters. All

gas-fired space heaters and their cognections must
be of the type approved by the American Gas
Association (AGA), and they must be installed
in acc
AGA. 4 »

GRILLES <

ance with the recommendations of the

LY
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13-59. The gas line used to convey natural or
manufactured gas to the Space heater is usually
black iron pipe. The size 6f the pipe used depends
partially upon the maximum gas consumption of
.the h$aterh (AGA name plate rating), length of
‘Pipe, ‘and ‘the number of fittings. The size also

depends upon the allowable loss of pressure from'

the ‘building entry to the space heater. The pipe
size fised also depends upon the specific gravity
of the gas. Capicity ta?les showing the flow of
gas in pipes, in cubic feet per hour, with the various
pressure drops are available in many handbooks.
» 13-60. Before pipe “joints are assembled, all
pipe ends are reamed and pipe dope placed only
on the male threads. After the piping is assembled,
it should be fastened securely to prevent vibration.
After the gas is allowed to flow into the new piping,
care should be taken -to test all of the pipe joints.
with a soap and .water solution. A -match could
cause an explosion. i _
13-61. Care should be taken to properly install
the venting system_ for gas-fired space heaters,
miningi%ijc\'the harmful effects of condensation,. and

away by-the pipe. Approximately 12 gallons of

walgr are produced by burning 1,000 cubic feet of °

natural gas. The inner surface of the vent must,
thercfore, be heated above the dew point of the
combustion products to prevent water from form-
ing in the flue pipes. You install the vents with the
male ends of the inner liner down, to return con-
densation within the pipe on a cold start. Hori-
zontal flue pipes should have an pward pitch of
at least one inch per running foo[{‘J

' 13-62. Vents for combustible

be installed according to pertinent local and
Army regulations. You construct the vents of
material that is resistant to the corrosion caused
by flue gas products, and install the same size
vent pipe throughout the entire venting system.

A vent should never be made smaller than the .

heater outlet.

13-63. Each gas-fired space heater should .be
cquipped with a draft diverter:or hoed. such as
that shown in figure 40. The diverter is a type of
inverted cone through which the flue gases- must
pass on their way to the chimney. The cone ako
allows air from the heater room to be drawn into
the flue pipe along with the flue gases. The pur-
pase of the draft diverter is to prevent the chimney
from producing an excessive updraft.or downdraft
condition. Either condition is apt to ¢xtinguish
the pilot light or the main burner flame. =°

13-64. After a new installation has heen

hooked up, it is necessary to check the equipm¢ént
or operation and make adjustments. On these Yew
installations, you should bleed the air from [the
gas piping. You also close the main gas valvg on
the heater and pilot cock to prevent filling| the
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Ficure 40. 4 typical draft diverter. oy

combustion chamber with gas, Then you discon-
nect the pilot tubing outside the ‘heater and open
the valve supplying gas to the system so that the
air will be expelled through the pilot line. When
all air has been removed from the system, you
reconnect the pilot line. You should follow the
proper sequence of this procedure to avoid
accidents. =

13-65. When you adjust the gaﬁ%%e. you
close the airmixer for the main burner %until the

flame is yellow, then you open the shutter on the
airmixer until the yellow disappears. Insufficient
amounts of primary air cause the flame to burni ’
yellow and result in sooting of the unit when the
flame strikes the heating unit, .Too much primary
air causes inefficient operation, and this will some-
times cause the flame to pop back into the. air-
mixer. This results in a yellow flame at the burner
head.

13-66. Most of the gas-fired space heaters used
by the military are manually controlled. A pilot
light is usually provided, and the heat is turned on
oroff bya hand-opemteud valve. When a pilot light




goes out, the escaping lighter‘;han-axr gas (na-
tural or manufactured) rises through the ,vent,

and dissipates into the atmosphere. Heavier-
than-air gas (liquefied petroleum) accumulates
in the surrounding space and produces health and
fire hazards, For this reason 100-percent shutoff
thermostatic pilots/a.re required on space heaters
using liquefied petroleum gas. The term *100-
percent shutoff”” means that the gas flow through
the pilot, as well as through the main burner, is
shut off automatically when the pilot light is

-extinguished. The 100-percent shutoff is operated

by a thermocouple operating a cutoff valve,
13-67. Maintaining Gas-Fired Space Heaters.
Gas-fired space heaters should be inspected and

" maintained according to a schedule prescribed by

Army Regulations or local directives. The chim- -,
ney and pipe should be examined from the outside -
as well as the inside of the building. Any
noticeable deterioration such as rusting, broken
guy wires, and the like, sholild be reported.
13-88. It is necessary to take off the casin

and pipe and remove the gas burner froma heater,

-
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to clean soot from the heater. Some elements can
be cleaned by sunply tapping them wtth a piece
of wood to loosen the soot. The soot can then be
removed by running the flexible suction hose
from a vacuum cleaner through the unit. When

you use =ir pressure to blow out the soot, you -

should first move the heater out of the bujlding.

13-69. Burners and heating elements will soot -
up when foreign matter gets into the venturi

tube and interferes ivith the proper-flow of gas -

and air. This causes the flame to burn yellow,
To correct this difficulty, you must take out the
venturi tube and burner head. and remove the
obstruction. C .

13-70. Usually. a yellow flame is’ caused by .
insufficient primary air, Perhaps this is due to
improper adjustment at the airmixer, or to lint
or other matter being lodged against the opening

* ‘around the airmixer. You simply adjust or clean

the airmixer to remedy these difficulties, The ven-
turi or burner that is clogged with cooking oil and °
fats is cleaned with boiling water, .

"t



CHAPTER 4

N THE PAST, when people heard the term

-+ A *heating specialist,” they automatically thought
of a wheclbarrow, a shovel, and a dirty fireman.
Today, however, the art of operating coal-fired
heating equipment has become.a much easier and
cleaner job because of the invention and use of
automatic stokers. You will notice that in' this
chapter we mention boilers as well as furnaces in
connection with stokers, However, boilers will
be discussed in Memorandum 567. )

. 2. The fuel-burning or heat-liberating equip-~
ment consists of the furnace and the machinery for
introducing fuel or a fuel-air mixture into the
furnace. Coal can be fired by hand, by stokers,
or by pulverizing it to a very fine powder and blow-
ing it into the furnace under low pressure. When
coal is fired by hand or stoker, the coal fumes
and air are mixed in the furnacc. When pulverized
coal is used, most of the air needed for combustion
is mixed in -as the coal enters the furnace. In
Chapter 3 we discussed coal-fired space heaters

and space heating. In this chapter we will be dis- -

cussing the construction, operation, and mainte-
nance of coal-fired furnaces and stokers.

14. Hand-Fired Coal Furnaces )

14-1. Although hand-fired coal ‘furnaces are
slowly being phaged out of the heating equipment
inveptory of the military, either by replacement
or conversion to gasor oil, there are still a number
of these furnaces in use in areas where coal is less
expensive and readily available. As a heating sys-
tems specialist, you must be familiar with these
types of heating units. You never know when you
will be called upon to operate, maintain, and re-
pair hand-fired coal units. Warm-air furnaces are
made of either cast iron or sheet steel. The sheet
steel furnace can be used for either gravity or
forced-air heating. The cast iron furnace, how-
ever, is used onfy for gravity heating. The cast iron
furnace is probably the better known of the two
units and is the typé which we will discusa first.

14-2. Cast Iron Furnaces. The cast iron fur-
nace is generally used for gravity heating in small
buildings, and is an older type than the shect steel

Coa!l-Fired Furnaces and Stokers

-

furnace. The major parts of the cast iron furnace
are the ashpit, firepot, combustion chamber, radi-
ator, grates, firedoor, hood, and water pan. The
furnace is constructed of cast iron about three-
eighths of an inch thick. “This makes the furnace
heavy and sturdy, so that with proper car¢ it will
give years of satisfactory service.

14-3. The cast iron furnace is made in sections;
consequently some method must bggised to pre--

‘vent leakage of gases between the sections. The

edge of each section is grooved to fit the one above,
and a fireproof cement (asbestos rope) is put in
the groove before the furnace is assembled. There
will be no leakage at the joints of your installations
if you properly apply the cement.

14-4. Grates. The grates are used to supports .

the burning coals, and they are located in the top
of the ashpit section, as illustrated in figure 41.
The grates can be bolted in place or fitted into
grooves. Figure 42 shows the circular bar (du-
plex) grate. The circular section of the grate rests
on either balls or rollers and rotates about one-
third of the distance around the ashpit, causing the
ashes and clinkers to fall to the center. There are
usually thre# or four of these rollers. The center
portion of the grates consist of two sections that
open and close to dump the ashes and clinkers
into the ashpit.

&

Figure 41. Ashpit grate assembly,
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Figure 42.  Circular duplex grates.
. b 24 .

14-5.  Another form of grate is the bar type,
shown in figure 43, which is composed of four
movable bars with interweaving fingers. These
grates can be either rectangular or flat-shaped
units, ‘

14-6. Firepots. A thick, heat-resistant chamber

* must be provided to hold the burning fuel without

its being damaged by the high heat of the fuel bed.
The cast iron firepots located directly above the
ashpit serve this purpose. c

GRATE BARS
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Figure 43. Typical bar grate.
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Figure 44. A two-section firepot.

14-7. Firepots generally come in two pieces,
the upper pot and lower pot. A two-section firspot
is shown in figure 44. The ribs on the inside and
outside give strength and long life. These types of
firepots are used in cast iron furnaces only.

14-8. Combustion chamber. The combustion
chamber is a very important part of the furnace.
This section is located directly above the firepot,
and it serves two purposes. The gases driven from
the fuel burn here, and new fuel is added through a
door located in the front of the feed section.

14-9. Radiators. Bejter heat transfer and,
consequently, greater ;efficiency are obtained by
having a long path for the flue gases to travel.in the
furnace before reaching the flue. Therefore, a
radiator is installed between the combustion cham-
ber and the flue to obtain this longer path for the
hot gases. The radiator is a large circular casting
which sits on top of the feed section. ' The burned
gases circulate through it on their’way out t. the
smokestack, and thus give up more heat. Radi-
ators may be of one-piece or two-piece
construction.

14-10. Two-piece radiators have a cemented
and bolted joint that continues down: the entire
length of the radigtor. The cement makes a tightly-
sealed joint, and' the l?}ltfhold the halves firmly
inyplace.

14-11." The one-piece radiator provides a more
dustproof, gastight and airtight assembly. One
opening in the radiator is the cleanout, while the
other bpen end is the smokepipe. On many fur-
naces the radiator can be turned to any position.
This is to simplify the connection made between
the smoke outlet and the chimney. . The length of
the smokepipe must be kept as short as possible.
Many 3teel furnaces use a radiator constructed of
riveted sheet steel. The radiator is fastened verti-

4cally to the rear of the combustion chamber, and

the smokepipe connection is at the lower end of
the unit. :




Figure 45. A typical water pan.

o

" 14-12. Water pan. Water pans, such as the
one shown in figure 45, are sometimes used as
humidifiers to add moisture to the air. When the
proper percentage of humidity is maintained, it is
possible to be comfortable at lower temperatures.

14-13. Liner. Two sheet metal cylinders are

ponent parts. In thefollowing paragraphs we will
discuss steel furnaces and their construction.

14546, Steel Fi es. The type of steel fiir-
nace shown in figure 47 has become popular in-.
recent years because it has some advantages over
the cast iron furnace. One good feature is that its
installation cost is lower. It also has fewer joints,
and there is l&ss chance for gas and soot leaks.
The steel furnace gan be set up easily in a short
period of time becausé it is much lighter than the
cast iron furnace. , . .
£14-1T. The main part of the steel furnace is the
combustion chamber around which the air passes
as it is heated by the fire on the inside. It is here
that combustion of the fuel takes place. The fuel
burns in the brick firepot, and the gases burn in the
upper section. Heat is absorbed by the walls of
the combustion chamber and transferred to the
circulating air by means of convection and-
radiation. - :

~installed, one inside the other, around the firepot
and radiator. The inner cylinder is the liner. The
air between the firepot, radiators, and the liner is
heated and conducted to the areas requiring heat.
Between the liner and the outer casing is a dead air
space. The purpose of this dead air space is to
reduce the heat losses through the outer casing.
This is accomplished by the dead air space acting
as’an insulator. -

14-14. Bonnets. A typical bonnet or hood that
is used with a gravity warm-air furnace is shown in
figure 46. The top of this bonnet is shaped like
a cone so that the air is guided into the hot-air
outlets located around the side of the bonnet. The
cone is usually “filled with sand to prevent any
heat loss through the bonnet as the warm air comes
in contact with the top of the hood. The bonnet is
insulated, not only to conserve heat, but to elimi-
nate the possibility of fire hazards. The sand is
sometimes covered with a thin layer of cement
mortar to provide*a smooth surface. for easy
cleaning.

* 14-15. 1In the preceding paragraphs we have
been discussing cast iron furnaces and their com-

14-18. As with the cast iron furnace, the grates

are used to support the burning coal. They also
provide for an air space below the fuel bed. The

grates fit into the bottom of the heating eclement, '
and they sit on a grate ring bolted to the combus-

tion chamber. The grates are usually of the bar
type. They have an upright shaker handle that
allows easy shaking to.remove ashes from the fire.
14-19. The type of radiator shown in figure 48
is used in steel furnaces to add heating surface and
increase the travel of the flue gases. The V-type
baffte in the radiator is located just below the collar
that connects the radiator to. the combustion cham-
ber. Hot gases from the fire are deflected and
spread by these baffles, so that the entire radiator
is heated uniformly before the gases pass into the

- smokepipe.

14-20. 'The casing for a steel furnace is almost
like the one for a cast iron furnace, except that the
smokepipe dpening is located in the lower part of
the casing. Steel furnaces may have square casings
instead of round ones. : v

14-21. Most steel furnaces are lined with fire-
brick to prevent the flames from burning through

HOT AIR FROM FURNACE

Figure 46. A typical bonnet for gravity warm-air furnace.
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the thin metal during operation. This installation
is called the “refractory.” The bricks also help
absorb and deaden the sound of combustion.
Figure 49 shows a combustion chamber that has
a refractory. The lower row of bricks is held in
place by the wedge-shaped edges of each brick.
The upper row of bricks is held in place by ad-
justable, bolted clamps. The lower bricks are
protected from shovel damage by a steel or cast
iron plate installed 'at the bottom of the firing door.

14-22. When the firedoor of a downdraft fur-
nace is opened for firing, smoke often rolis out of
the door into the firemaa’s face and into the room.
This condition is overcome by installing a direct-
draft damper in the radiator and connecting it to
the fire door with a chain or rod. Figure 50 shows
a direct-draft damper installation.

14-23. When the firedoor is opened. the direct-
draft damper is also opened. This action creates

chimney instead of coming out through the fire-
door. _ .

14-24. A blower is used when the heating
installation is large or there is need for close con-
trol of the amount of heat delivered. A typical
blower unit is illustratéd in figure 51. The blower

»

draft, and the burning gases pass directly to the -
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Figure 47. A steel furnace. k

sits on a steel base fastened to the floor. The fan
is often the squirrel-cage type, although the blade-~
type blower is used on many installations. The
blower housing forms a duct or air passage for
drawing air into the duct and forcing it into the
furnace. Here the air is heated and forced out
through the warm air ducts to the building. The
fan is driven by an electric motor that has an
adjustable speed pulley. This pulley drives the
V-beit that is connected to the fan pulley.

14-25. You can adjust the fan belt by loose-
ning the motor base bolts and moving the motor
to place a sufficient amount of tension on the fan
belt. You should avoid placing too much tension
on the belt, because this places an unnecessary
strain on the bearings and causes excessive wear
on the motor, the fan, and the shaft. The correct
amount of tension can be determined by pushing

- in on the fan belt midway between the two pulleys.
Between three-quarters of an inch and one inch of
depression of the belt is correct for most fan belts.
The belts should not be operated loose as shppage
will cause excessive belt wear and ‘quickly ruin the
belt.

14-26. When a blower is used, on¢ or more
filters, as shown in figure 52, are normally installed
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Figure 49.-—A-combustion chamber with-arefractory:

ers are similar. in construction to the smaller fur-
* naces and blowers, except that they are larger.
~ Figure 53 shows a heavy-duty furnace that has
Figure 48. A steel radiator. two radiators. This furnace has a capacity of one
million Btu at the bonnet. This type of furnace is
used with forced air only.

14-28. Firing Warm-Air Furnaces. Several
firing methods are advocated for warm-air fur-
naces. The spreading method requires continuous

to clean the circulating air. These filters are placed
so that all of the air going through the furnace is
o drawn through the filters by the blower.

|
1
. -
used for large buildings. These furnaces and blow- , ‘1
\
|
|
|
14-27. Heavy-duty furnaces and blowers are
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Fignre 50. 4 dircet-draft damper installation.
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Figure 51. A typical blower unit.

attention and can be used successfully only by an
expert fireman. The other methods back-to-front,

front-to-back, side-to-side, center-to-cone, rim, or

locomotive methods are really adaptations of one
basic method. All of these methods will give ex-
cellent results when they are carefully followed by

A

all. work shifts. For uniformity and simplicity of
instruction, and for best resuits with temporary
firemen, the back-to-front method is preferable for
anthragcite firing, while the front-to-back.method is
preferable for bituminous firing.

. 14-29. The proper operation of any heating
unit is important if you are to obtain the maximum
efficiency. Improperly firing a furnace can result
in damage to the furnace, the lack of heat, and the
waste of coal. : ’

CauTtioN: Oil or gasoline must never be used
to start a coal fire. Many people have lost their
lives by explosions cauaed by pouring these vola-
tile fuels on coal.

14-30. The grates should be completely free
of ashes and clinkers when you are starting a fire
in a coal furnace. The best way to start a fire is
with paper and kindling wood. The-smokepipe
damper must be opened to allow a full draft to the .
furnace, and the draft door should be kept closed
until the wood starts burning. Then, only a thin
layer of coal is added, since too much coal will

]
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Figure 52. Filter installation.
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Figure 53.. Hea\-y:duly furnace with two radiators.

smother the fire and form gas. When this gas
becomes -ignited, it “explodes” and often blows
the furnace doors opgn.

14-31. The draft door must be shut to prevent
overheating the furnace once the fire has started.
After the furnace is.in operation, all that is neces-
sary to do is keep enough fuel on the fire and
prevent the ashes from pllmg up under the grates.
If a hand-filled water pan is used on the furnace,
care must be taken not to allow the water to over-
flow, because water on the hot metal will cause it
to crack or warp.

’ \,/

~

the coal burns down to a fine ash and drops down
through the grates by itself.

14-35. Putting a large quantity of coal at one
time in the firebox, or overfiting in order.to reduce
the frequency of feeding the furnace, is wasteful

- and dangerous. Overloading the furnace can cause

14-32. Most hand-fired furnaces have the draft -

and damper joined by a chann, and' they operate
together. When the draft is not controiled by a
thermostat, the operator has to control the fire
manually by adjusting the draft.

14-33. A furnace should be fired lightly, evenly,
and frequently to obtain best efficiency. The
maximum amount of heat is obtained when the
entire surface of the grates is covered with burning
coal and only a small amouant of ash separates the
grates from the coal. This allows the most air to
get to the burning coals and increases the rate of

_ combustion. A light,layer of burning coals is pre-

ferred to a heavy layer of unburned coal. This
condition allows the air to flow freely through the
coals. mixing with the burning gases. Tt increases
theApeed with which te fuel burns. Also, having
more air, more coal is burned, consequently re-
sulting in less ash and fewer clinkers.

14-34. You can tell when you have a good fire
by observmg the color of the burning coals. Dark
spots in the ﬁre usually indicate either a bare spot
where there is no coal, or just ashes, or a pile of
unburned coal. Neither condition produces any
heat. When you have a good clean fire, the ash-
pit is evenly lighted, and no shadows or dark spots
are visible. If the furnace is bemg properly fired,
very little shaking of the grates is necessary, since

‘the firebox to fill up with unburned gases which

ignite and explode.

14-36. Frequently heat is not requxred but sull
the fire must be maintained. This situation is
solved by banking the fire. Banking the fire in a-
large furnace or boiler is done by placing a pile
of coal in the rear half of the furnace and none in
the remaining front half. The draft door, damper,
and fire door are left open just a little, allowing
just enough air to circulate through the fire to
keep it from going out. When heat is again needed,
the pile of coal is spread out over the entire firebox
with a hoe. The damper and the fire doors are
closed, and-the draft door is opened until an even
fire covers the grates. When yqu bank a fire in a
home furnace, pile the fresh coal in the center of
the ﬁrepot with the outer edges free of fresh coal.

The fire is best maintained by the coal burning at- -

the edge of the pile.

14-37. During normal firing, you should keep
the ashpit door closed and regulate the amount of
air by opening and closing the draft-door, except
when staftfhg a fire. At startmg time the ashpit
door is left open until the coal is burning; then the
door is closed.

14-38. In the precedmg paragraphs -you have
learned about the operation of coal-fired furnaces;
in those that follow you will study about mainte-
nance of these furnaces.

14-39. Maintaining Warm-Air Furnaces. An
inspection should be made at the end of each heat-
ing season, at which time all necessary maintenance
should be accomplished and repairs made. The
warm-air- furnace normally needs very little

. maintenance.

14-40. A furnace must be kept clean, because
soot is a very good insulator of heat and is_a fire
hazard. The chimney cleanout, smokepipe, and |
firebox surfaces must be kept cleaned out. In case
of heavy firing, it will be necessary to clean these
places more often.

14-41. The major units that require replace-
ment are the smokepipe, grates, and combustion
chamber. If a rusted smokepipe contains small
pinholes, it should be replaced; otherwise, the
holes quickly: become. Iarger and create a fire
hazard.

14-42. Grates will gwe many years of service
if they are properly cared for, but when abused
they can burn out overnight. When the ashes are
allowed to collect in. the ashpit, they cut off the
circulation of air bencath the grates. When you
shake the grates, a certain amount of hot ash or
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coal usually shakes thﬁrough. This in effect is like
putting the grates in the middle of the fuel bed.

Consequently, the grates become burned aad do

not function properly.

14-43. Grate failure can also be caused by
leaving the grates uncven. After you finish shaking
the grates, the top of the bars should be left level;
otherwise, the fingers on one side will stick into the
fuel bed with the other side in the cooler ashpit.
This condition causes the grate bars to warp and
burn. When a single grate bar becomes discon-
nected, it can be damaged in the same manner.

14-44. Another cause of failure of the grate
bars is excessive “banking.” In banking, a large
amount of fuel is added to carry the fire over a
long period of time between firings. This increases
the resistance to the passage of air through the fuel
bed. Also, when banking, it is common practice to
close the draft door to cut down on .the rate of
burning coal. This results in more heat traveling
from the fuel bed to the grate bars, which cap cause
them to become overheated. When the draft is
partially cut>down by closing the dampey in the
smokepipe, the chance of wraping or burning the
grates is also increased, because of the smaller
amount of air passing through them. It is im-
portant to allow air to pass through the grates to
cool them. However, if the drafts are to be closed,
a thin blanket of ash should be left on top of the
grates to protect them from the fire.”

14-45. Grates can be easily replaced by re-
moving the bars, pins, and any bolts that hold them
in place. The grate can then be removed through
the door frames and be replaced by new ones.

14-46. In the steel furnace, the firebrick in the
combustion chamber can be damaged by striking
the brick with the poker while you are removing
clinkers from the firebox. The brick clamps must
be loosened to remove an upper brick, then the

saturate the windings. The manufacturer’s direc-

tions for oiling should be followed.

14-50. We have been discussing the types, con-
struction, and components of coal-fired -furnaces.
We have also covered hand-firing of these furnaces.
The methods of hand-firing coa}-fired boilers are
basically the same as those for fugnaces. The grates
used in small hot water and stean coal-fired boilers
are similar to those used in/warm-air furnaces.
You will find, however, that the grates of larger
boilers and their conventional methods of being
fired do differ from those of the smaller units, de-
pending upon the type of stoker used. In this next
section we will discuss these stokers and grates
and their controls. ‘

15. Automatic Stokers

15-1. Most coal-burning central heating plants
and many barracks’ units are equipped with
stokers. The stokers have scveral advantages over
hangd firing: (1) They permit the use of cheaper
grades of fuel, such as slack and mine-run coal;

(2) there is better furnace and boiler maintenance -

because of better combustion; (3) labor is reduced
because there is lesschandling of coal; and (4)
there is an increase in the output capacity of the
plant. o '

15-2, mﬁiearly stages of small stoker de-
velopment, various methods of feeding coal from
the reservoir or hopper to the area where it was to

be burned were developed angd tried. Many me-
chanical devices were used for moving coal to the

- fire. Some of these methods worked very well for

damaged brick is replaced with a newbrick. When -

replacing a lower brick, it is necessary to remove
some of the upper bricks. - -

14-47. When replacing a single brick, it is often

_necessary to chip the replacement brick to the
proper size. This is done by marking the brick and
tapping it evenly with a chisel. If a brick is too
small. it must be wedged in tightly and the open
places sealed with fire cement mortar. .

14-48. You should replace the air filters at least
once a year. When a filter becomes dirty, it slows
the flow of air and does not provide the proper
filtering. The arrows on the filters show you the
direction of air flow for correct installation.

14-49. The blower should be oiled three or
four times each year. The blower shaft usually
has oil cups that should be filled, but the electric
motor requires only three or four drops of oil.
‘You should be careful not to overoil the motor, be-
cause excessive oil will run out of the bearings and

large industrial plants, but they were inefficient in
operation for the smaller units. In the following
paragraphs we will discuss these types of stokers.

15-3. Types’of Automatic Stokers. Four basic
types of automatic stokers: have been developed.
These are underfeed, spreader, traveling or chain
grate, and overfeed stokers. _Each type of stoker
has its own field or use, depending largely upon the
fuel used. '

15-4. Underfeed Stokers. Underfeed stokers
received their name from the fact that fresh fuel is
supplicd below the burning zone. When firing with
an underfeed stoker, there are three zones which
exist in the fuel bed. They are: Fresh or green
(on the bottom), the coking zone (in the middle),.
and the incandescent or burning zone (at the top).
Fresh coal enters at the bottom of one end and is
distributed over the entire retort, and it is forced
to move gradually to the top where it burns. As the
coal travels up from the bottom of the retort, the
temperature gradually riscs; this causes gascous
matter to be given off, and it mixes with the air
supply and passes up through the hotter zones of

. the fuelbed. As the temperature of the gases and
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of the air rises, the mixture ignites and burns. The
mixture may burn just below the surface of the fuel
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, Figure 54. A diagram of an underfced screw-type stoker.

bed or immediately above it. The coke that rc-
mains after the gaseous matter has been given off

. continues to move to the top. With air supplied,

the coke then burns as its temperature rises above
the kindling or ignition temperature. As the-?ok:
Is bufning, it is being pushed toward the ash dis
charge area. By the time the burning coke reaches
the ash discharge area, the burning process is
practically completed. In this area the remaining
combustible matter of\fyel burns compietely be-
fore the ash is removel
openings in parts of fthe stoker called tuyeres.
These openings are usually ltgcat‘ed at the top or
sides of the retort. Underfeed stokers may be
classified by the number of retorts (single, double,
or multiple) and the method of feeding (screw or
ram). Single-retort stokers are either screw or
ram fed. Mutiple-retort stokers which combine a

A

hopp‘cr or bin to the retort. A diagram of an‘unacr-‘-

fecd screw-type stoker is shown: in figure 54. The

" most important parts of this type of stoker- are

The air enters through

hopper, feed screw, retort, grates, fan, drive, and
controls. o -~ A

15-6. Hoppers vary in capacity from 375 to
2,000 pousids. Some hoppers have agitators, but
others depend upon the slope of their sides to pre-
vent the arching of the coal inside. Offset hoppers
are often used to permit easier access to the boiler
front for cleaning. ’

15-7. Feed screws are ordinariiy made of cast’
steel, which is alloyed to provide strength and re-

wsist corrosion. Flights near the retort can be farther

IS

gravity or overfeed action with the underfeed, are

always ram fed. These stokers are used only on
large boilers.

15-5. The screw-feed stoker is used for small
boilers. Itis availabic for coal-burning ratcs rang-
ing from 100 pounds to 200 pounds per hour.

This type of stoker gets its name.from the fact that.

a screw-type conveyor moves the coal from the

apart than those near the hopper; this is to prevent
packing of the coal and to increase the shearing
action of the screw. When coal packs in the tube,
it rotates with the screw instead of sliding along the
tube. This is called “slip.” Excessive packing can
jam the screw and prevent the motor from turning.

15-8. The size and shape of the retort depend
on the coal-burning capacity of the stoker. In
small units the retorts are nearly square; in larger
units they arc oblong. The burner head for under-
feed stokers (shown in fig. 55) consists of a répgrt
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. Figure 55.  Stoker burner head.
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) DEAD PLATES

/!

PRIMARY AIR FROM BLOWER

-Figure 56. A diagram of dead plates.

surrounded. by a windbox and capped with a tuyere
(pronounced twee-er). The tuyere distributes the
air it receives from the blower evenly throughout
the fire. -

' 15-9. Surrounding the retort arc heavy plates
called “deadplates.” The, deadplate surfaces pro-
vide an aircoojed hearth upon which the clinkers
will form. The air space below the deadplates
serves as a duct for the primary air. A diagram
of deadplates is shown in figyre 56. Deadplates are

not normally used in small installations because -

the pnf?nary air passage is constructed in the burner
head. ’

BLOWER

INTAXE

/
4

PRIMARY AIN

15-10. Construction of the tuyeres is very im-
portant, as size, number, and position of the open-
ings determine the coal-burning characteristics
and, to a high degree, the ability of the burner to
fuse ashes into a solid clinker that cap be easily
removed. 2&»

15-11. The powcr unit that is illustrated in
figure 57 contains the fan, thc driving motor, and
the specd reduccr (transmission). Thc motor and
speed reducer are connected by a belt drive. The
Sspeed reducer is tonnected to the feed screw by
means of a soft aluminum alloy shearpin. This pin

will shear off and release the drive gear from tht‘( '

OIL LEVEL AMD

SPEED REDUCER
FOR STOKER DRIVE

FILLER PLUG * \ ,




L] A ) !
MECHANICAL ORIVE ,SOAL AG‘,:P;‘TLOR

COAL = GRATE
RETORT TUYERES

COAL DISTRIBUTION
ADJUSTMENT.
O—=

CONNECTING ROD Seat

COAL FEED ADJUSTMENT !”

=4 RN
2 N 2 AN . LR
2o -,#_l},', — — —— d )-‘\ o
o L L— O .
COAL PLUNGER | ! (/>“‘¢lll ‘\'\'. ] I" -“- .c . ‘;"r"):’,‘; \!'f" ';'| ":'

Figure 58. A typical reciprocating ram tmderfeed—iype Stoker. .

screw if foreign material or the excessive packing
of coal locks the screw so that it cannot turn. The
rate of coal feed can be changed on most units by
moving the belt on the step pulleys. However, -
some types of speed reducers have a ratchet lever
for speed changing. ' .

15-12. The reciprocating ram underfeed-type °

stoker, illustrated in. figure 58, receives coal by
gravity from the hopper and pushes it forward into
the retort by means of a_coal plunger. Ram
underfeed-type stokers can be used to fire boilers
of all. capacities and ratings. They can be either
the single or the double-retort type, with as many
stokers added as are required ‘for efficient boiler
operation. A 1% -inch moderate cooking nut codl,
with-not more than 50 percent slack, is preferred
for use with a ram underfeed-type coal stoker.
15-13. The mechanical construction of a ram
underfeed stoker differs considerably from that of
the screw underfeed stoker. However, the means
of providing air'and the methods of electrical con-
trol are practically the same for both types. '
- 15-14. Spreader coal stokers. Spfader coal
stokers combine hand-firing and pulverized coal-
firing methods. This method of coal feeding per-
mits smaller particles to burn while they are sus-
pended in the furnace or boiler. This action is
nearly that of pulverized coal firing. (Pulverized
coal firing will be discussed later in this chapter.)

The remainder of the coal, however, is deposited -

on top of the burning coal, as in hand firing.
Spreader stokers are not affected by the coking or
noncoking properties of coal to as great an extent
as are other types of stokers. )
15-15. These stokers can handle coal ranging
in size from coal dust to about one and one-fourth
inches. They are particularly suited to the small
sizes of coal which are not readily handled without
pulverizing. The furnace burning volume must be
adequate to permit fires to be burned in suspension.
This volume is usually about 50 perccnt lapger

* than that required of an underfeed stoker. The
L T

depth of the. gréte is limited by the ability of the
stoker -to spread ,coal evenly, and its width is

limited by the width of the firbox. Several units

can be placed side by side to provide the necessary
capacity. ) : :

15-16. A spreader stoker consists of two major
parts: the feeding machine and the grates. The
feeding machine is required to feed the furnace at
a rate sufficient to generate the required amount of
steam. Also, it distributes the fine and coarse par-
ticles of coal evenly throughout the furnace burn-
ing volume, and on the grate. The grates catch
those particles which are not bumned in suspension
and permit complete combustion. Provision is
often made to return the fly ash which collects*in
various parts of the setting to the furnace to' re-

- cover any combustible material. Overfire air is

often supplied to improve combustion, and its use
may be necessary if proper conditions of combus-
tion are to be maintained at all ratings. The grates
that are used have a large nymber of small holes
or openings which allow even distribution of the
air necéssary for maintaining a thin fuel bed. Sta-
tionary or dumping grates are generally used.
There is one spreader stoker that is manufactured
with a traveling grate, and it is similar to the chain-
grate stoker. However, this type of grate is used
only on large boilers. . ,
15-17.  All spreader stokers operate with,com-
paratively thin fuel beds. The stokers are sensitive
to load changes, and they are well adapted to regu-
lation by automatic combustion-control equipment.
The thin fuel bed is advantageous for following
fluctuating loads, and it also reduces banking
losses. The supply of fuel on the grates can keep-
the fire going for only 5 or 6 minutes when. the
flow of fuel is interrupted. '
15-18.. There are two types of automatic
spreader stokers. One type is the mechanical
spreader,stoker in which the feeder mechanism
consists of the feeder and the thrower or spreader.
The spreader is constructed with cither an under-
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: ' ‘ COAL 15-21. The sccond type is the pncumatic ' '
Hopper  spreader stoker, illustrated in figure 60, which can
be used with boilers having heating surfaces up to
about 5,000 square feet. Thi?typc of stoker fea- . . P
— " tures a fecding mechanism and hopper lo'cat;;l 20 - ‘
e =l ; ROTOR feet or more from the firebox of the furnace. How-
(7= s ever, this feeditip“fechanism can also feed coal
directly from a coal bin or a-hopper. Coal is
moved from the hopper by a feeder screw which
S T R A s carries it in the loose state to a transfer housing
: ’ where a stream of air from a blower picks it up and
conveys it through /the pneumatic tube to the '
spreader nozzle. Coal distribution over the entire :
grate is regulated by the spreader nozzle. The - oo
feeder screw, as well as the blower, is driven by an
electric motor through multiple speed transmission
or some type of variable-speed drive unit. ’
15-22. Pneumatic spreader coal stokers are
usually equipped with grates similar in construc-
tion to those found in the mechanical spreader ~
stokers. o

15-23. Traveling-grate coal stokers. Travclin.g-v

i

Figure 59.  An underthrow spreader stoker.

throw or overthrow rotor. An underthrow roter
receives the coal directly and throws it into the fur-
nace, as illustrated in figure 59.

15-19. A stoker that is fitted with an under-
throw rotor picks up the coal out-of a circular tray
and throws it into the furnace. The paddles (rotor
blades) are usually set in two or four rows around
the rotor. The paddies in one row are twisted at
an angle to throw the coal to the right while those

n in the next row throw it to the left. In some de- grate’ or chain-grate coal stgkers are adapted to
signs, the paddle is curved to provide uniform  burm fuels that do not require agitation, such as 0
crosswise distribution. An oscillating plate or a small sizes of anthr.am.te, the free-burning coals of . _
ratchet-driven roll feeder is used to supply coal to  the Midwest, and lignites. : '
the rotor. The rate at which the coal is fed is regu- 15-24. The traveling-grate stoker shown in

lated by varying the length of the stroke of the figure 61 is a typical example of this type. The'
oscillating plate or the speed at .which the roll ,traveling-grate stoker consists of a cast iron and ;

o feeder is turned. The distribution of fuel along the  steel framework, which supports the traveling |
J = . length of the grate is regulated by changing the  grates. The traveling grates consist of cast iron |
speed of the rotor or by changing the position of  carrier bars and small iron castings called “keys.” =
the spilling plate or circular tray. ". Thecarrier bars are connected to an endless travel-

15-20. The feeder mechanism, the grates, and  ing chain which is driven from the front of the
the air supply ducts are usually constructed to op-  stoker. The number of chains and the length of
erate as a unit. The feeding machines are normally = the grate bars depend upon the width of the stoker.
driven from a single line shaft, each having its own 15-25. The rate at which coal is fed to the fire-
drive gearing. Sections of the fire can be cleaned  box of the furnace is normally regulated by chang-
alternately by shutting off the fuel feed of one ma-  ing the travel speed of the grates. This change is

: chine and allowing the fuel.to burn out before dis- accomplished through variable-speed transmis-
o ‘ posing of the ash. sions.. The grates can be powered by either a

PNEUMATIC TUBE |

" COAL BIN

I 'P.“'n'.'. .-.'-,..-!.-.,-. e "'.‘..'.", -
- %l Feeper screw =T

Figure 60. A pneumatic spreader stoker.
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Figure 61.

gasolmc or steam engine, a gteam turbine, or an
electric motor. :

15-26. The coal hopper ‘mounted at the front
of the stoker has an adjustable grate, which regu-
ates the depth of the fuel bed. Fuel is burned as
the grate travels from the front to the rear of the
furnace firebox. The ashes-are discharged into a
pit as the grates pass over the rear sprocket. The
firebox sometimes has watér-cooled surfaces in
areas of severe wear or clinker formation: The
space between the grates-is divided into zenes, and
the flow of air into each of these zones is controlled
by dampers. This is necessary to attain uniform
combustion, because the resistance of the fuel bed
to the flow of air decreases as the grates move to
the rear. It is practically impossible to secure
proper air distribution when these zones are not
provided. Firebox design depends to a certain ex-
tent upon the kind of fuel used. Overfire air is
often supplied at very high velocities to increase
turbulence and thereby mix the unburned gases
with air to increase combustion efficiency.

15-27. Pulverized coal heating unit. A pul-
verized coal burner is one that burns coal which
has.been reduced to powder so fine that it floats in
the air. This type of coal burding is called pul-
verized coal firing. Pulverized coal firing has many

- advantages, including high eﬂicnency, ease in fol-

lowing load ch#figes, ease in maintaining good
combustion, wide range of usable fuels, and ab-
sence of any part of the equipment in the firebox
of the furnace. The major disadvantages are .the
higher cost of the equipment, increased mainte-
nance of brickwork due to the finely divided ash
in the flue gases, and danger of explosion. These
disadvantages usually make the use of pulverized
coal firing for small heating units uneconomigcal
and undesirable. We have been discussing the vari-
ous types of stokers; now we will study about their
controls.

15-28. Automatic Stoker Controls. Furnace
control systems for stokers include the samc con-
trols as those used for hand firing, with the addi-
tion of a stoker control. Stoker controls for gravity

Traveling-grate stoker, /

“warm-air, forced warm-air, hot-water, and steam

systems are of the same type and operate on the
same principle. However, the safety cdntrols are
constructed differently, since one type must re-
spond to air temperature changes, a second type
to water temperature changes, and a third type to
the variations of steam prcssurc ' :
15-29. Gramy warm-air stoker controls. The
essential stoker controls for a gravity warm-air
heating system include the thermostat, the limit

- control, and ‘the stoker control.. A simple, wiring

- diagram including thcse controls is shown m »

figure 62.

15-30. The purpose of the thermostat is to start
the stoker motor when the room temperature drops
below the point at which the thermostat is set, and
then stop the motor when that certain temperaturc
has been reached..

15-31. The limit control is a safcty device. Tt
stops the stoket motor if the temperature of the
furnace becomes excessive because of the failure

of the thermostat or the stoker cpntrol to function |

properly.

15-32. The. stoker control unit, shown in
figure 63, is a timer and relay that controls the
stoker. This unit also permlts the maintenance of
a minimum fire during warm weather when' the
thermostat .does not call for heat. This is done
by means -of an electric. mechanism which peri-
odically operates the stoker motor for short periods
of time.

15-33. Normally, the timing mechanism is fac-
tory adjusted for a 2-miriute operation every half
hour, but the length and frequency can be changed
when desired. Figure %4 explains how to change
the setting of a timer.

15-34. Forced warm-air stoker controls. The
stoker control circuit for a forced warm-air system
includes the same controls as those* uséd in the
gravity warm-air system. However, in addition,
the system includes a blower motor, blower switch.

a limit switch, and an overrun blower switch. When

the furnace is heated to the pmpcr temperatures
the blower switch starts the blower. If the blower
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Figure 62. A wiring diagram of gravity warm-air stokér controls.

switch fails ta_start the blower, then the limit
switch protects the furnace from pverheating by

- shutting off the stoker. However, if the limit switch

fails to operate, then the overrun blower switch
turns on the blower to cool the furnace.

15-35. Hot-water and steam systems stoker
controls. The stoker controls for hot-water sys-
tems and steam-heating systems are similar, and
perform the same function as those used with
gravity and forced warm-air Systems. The main
difference lies in the method of operating the safety
devices such as the limit controls. These devices
-are operated by temperature changes of“the water
in hot-water heating systems®and by the variation .
of steam pressure in steam-heating systems.

'$5-36. For both hot-water systems and steam-
heating systems, another clectric circuit and the:
controls are added to automatically feed water to
the boiler. The circuit and the controls perform
the function of shutting off the stoker when the
water in the boiler becomes too low for safe opera-
tion. The boiler water level is controlled by a boiler
water control valve. :

15-37. You.have now completed reading about
the controls required for operating stokers. In the
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Figure 63. A typical stoker control unit.
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next group of paragraphs you will study the in- :
stallation of stokers. A

15-38. Installing Automatic Stokers. You have.
learned in the previous paragraphs how stokers are
constructed, also stoker types and the controls
needed to operate them. In the following text you
will study informatidn that pertains to the installa-
tion, operatigh, and maintenance of these. stokers.

15-39. Underfeed screw stokers. Before you
install a new underfeed screw-type stoker, it should
be thoroughly checked to see that there are no
broken or missing parts. The voltage, phase, and
frequency of the electric current that is available
must be the same as shown on the stoker motor
name plate.

15-40. The furnace should be thoroughly
cleaned to remove any material that might obstruct
the stoker installation.*The windbox and tuyercs
are the first to be installed. They are placed in their
approximate location through the ashpit door or -
any other convenient opening. The ‘hopper, coal
tube, retort, screw, and transmission are assembled
and also put in the correct locations. The windbox
is bolted to the retort and the complete assembly

-

~ is leveled.

15-41. When a solid refractory hearth if used,
it is necessary to seal around the windbox and the

]
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7 Figure 64. Changing the timer setting.
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coal tube. If z}-.deadplate or -a ventilated hearth
Is used,’ this spice-is left open. Plastic furnace
cement is used to seal all joints in, the air duct and

around the air duct and coal feed tube. The con-

trol systef cdn then be connected.
15-42,

. mission and test the feed screw' to.insure”that it
turns freety. . =~ .0 .

15-43. Spreader stokers. The spreader stokers

are installed at the front of the furnace above the

- regular coal fced door,” as shown in figure 59.

Stokers of this type are usually more difficult to

install in a furnace than most underfeed stoker

units. because part of the furnace must be rede-
signed. In addition, the grates must be. changed
because the feeder mechanism., the air blower, and
the grates are cdnstructed “to operate as a unit.
However, when a fumnace is designed to take a spe-
. cific stoker, the installation is relatively simple. ‘Tt
. _ ~is recommended that the instructions of the manu-
facturer be followed when installing spreader-type
stokers. The pneumatic coal stokers which utilize
the pulverized coal burner should be installed in
accordance with the National Board of Fire, Under-
writers’ standards for “Installstion of Pulverized

Fuel System.” o N -
15-44. -Traveling-grgie stokers. TraVeling-grate
stokers are also more difficult to install than under-
feed screw-type stokers. A typical overfeed
traveling-grate stoker, showing the traveling grates
and the coal hopper. is illustrated in figure 61,
s When installing a traveling-grate stoker, special

provisions should be made for the foundation |

for the traveling-grates and the ashpit. It is rec
ommended that you follow the instructions of
the manufacturer when installing traveling-grate
stokers. .

15<45. Operating Automatic Stokers. The op-
eration of stokers-may sggm complicated to you at

first glance. However, by applying the knowledge

you will gain here about operating the stokers. you
' should be.able to effectively operate aufomatic
- stokers with but little assistance. In’the following
paragraphs you will find information regarding the
operation of. underfecd screw stokers, spreader
stokers, traveling-grate stokers. and pulverized-coal
firing. By studying these discussions you wil] be
able to understand how the stokers operate,
15-46. Underfeed screw stokers. As thé fuel
- travels up from the bottom of the retort. the tem-

perature of the coal graduallv rises. causing the -

volatile matter to vaporize. mix with the air sup-
ply, and pass up through thc hotter zones of the
fuel bed. The temperature of the gaseous mixture

rises until it ignites and burns. )
15-47. The coke that remains after the- volatile
¢  matter has heen vaporized continucs to move to
the top. Its temperature rises above the ignition

=

B

Before you start a ‘newly installed, -
, stoker, you should check the oil level in thetrans- -

" «allow -the stoker to°operate until the coal is about

- stokers provide the means for burning very fine

56

temperature, air is supplied, and the coke burns. e
As the coke is forced up, it also moves outward

- toward the ash- discharge arca. The remaining

cpmbustible material burns completely in this area
before the ash is removed.
~ 15-48. Itis considered good practicé to check
the operation of a stoker at the end of the heating
¥season, AH of the ashes and clinkers should be re-
moved from the firebox. _The refractory lining
should be inspected for broken_ bricks, and all
broken hricks should be replaced. The tuyere
holes should be examiped and those that are
» clogged should be cleafjed out. The&Zombustion
-chamber and smokepipes should be ¢leangd of all
soot and fly ash. ¥ou.shoyld ‘also check the oil
level in the reduction gear housing. If the level is "
low, you should add sufficient oil to bring it up to
the: proper level.uc ’ , % '
*15-49. When you “start a fire in the_furnage,

f

.1 inch:below the top of the tuyere. .Then place
some paper and scraps of ¥d on top of this coal.
Make sure that the'stoker air adjustmentis closed.
After the kindling wood has ignited, start the stoker
and increase ‘the air flow. As the fuel depth in-
creases. incredse the volume of gir. When the fire .
is burning in the normal manfer, observe the fite.
for a while. A red, smoky fire indicates insufficient \
air or too much fuel. Make your adjustments ac-. ce
cordingly. A clear, light yellow, billowy flame
without smoke indicates a normal fire.

1550, Spreader stokers.’ Spreader stokers per-
mit the burning of fine coal particles in suspension
and the remainder of ‘the'coal on the grates. This

. method permits casier stokér operation and reduces
clinker formation, because the fire on the grates
is quite thin. « . : : .

15-51. . The supply of coal in a spreader stoker
lasts only 5 or 6 minutes. You can check the
thickneéss of the fuel bed by stopping the fuel feed e
and noting the rate at whichthe fuel on the grates
is burned. If the ashes are ready to dump in from
S5 to 6 minutes,.the thickness of the fuel bed is
correct. You adjust the sprcading mechanism for

.uniform thickness of the fuel over the grates to
obtain the complete mixing of fuel and air. Then * .
you adjust the air feed to produce efficient
combustion, ,

15-52. The fire must be cleaned at regular in-
tervals, usually when the ashes are from 3 to 6,
inches thick on the grates. You should not allow |
the fuelbed to become too thick or clinkers wil}
form. Remove the ashes from the ashpit promptly.

15-53. Traveling-grate stokers, Traveling-grate

&

coal or coal that contains ash and has a low fusing
temperature. These stokers are not suited to burn
caking coal or coking coal. :

. 85 , .
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15-54. The feeding of coal by a traveling-grate
stoker-can be increascd or decreased by changing
the thickness of the coal-feed ribhon to the stoker,
or by increasing or decreasing the rate of grate
travel. /T!!/eoﬁc}mal speed of the grates varies from
two and onc-half to three and one-half inches per
minute (ipm). The coal should be completely
burned before it reaches the back of the furnace.’

15-55. Excessive burning of the grate links in-
dicates that an appreciable amount of burning coal
is passing over the back end of the grates into the
ashpit. However, if all the coal is burned long be-
fore it reaches the back end of the furnace, too
much air is belng admitted and is causing an exces-
sive amount of heat to be carried away by the flue
gases. You can determine the proper feeding of
coal by observation or by making a flue-gas
analysis. . .

' l.;%& Pulverized coal heating anif,~Pulverized
coal is burned in the furnace almost instantly. Tt
is carried into the furnace with the stream of pri-
mary air, but.this amount of air is not sufficient
to complete combustion. After the coal enters the
furnace and combustion begins, the additional
secondary air moves in to complete the combustion.

15-57. The procedure for changing the rate of
pulverized coal moving into the furnmace varies
widely. Both the quantity of coal and the primary
air may be changed or the primary air may be kept
constant while the coal feed is adjusted. Tn cither
case. the total air supply must vary with and be in
proportion to the coal.

15-58. ‘Since there is practically no residual
coal in the furnace, it:is possible to change the out-
put of a pulverized coal heating unit very quickly.
Should the flame become unstable during com-
bustion, which amounts to a series of small ex-
plosions. you should increase the rate of fuel flow
so that a sufficiently rich mixture is present at the
burner tip. You should always handle pulverized

fuel in a manner which prevents the formation of

an explosive mixture of dust and air.
© 15-59. Maintaining Automatic Stokers. You
will find when yqu are called upon to maintain an
automatic stoker that at the first glance main-
taining the stoker may look difficult. However, if
Yyou follow the manufacturer’s recommendations
and use’ the information in pertinent military
publications, you will not have the difficulty you
might otherwise have accomplishing the main-
tenance required for keeping your stoker operat-
ing. To obtain the best sex;rice, you .should
follow the instructions and specifications of the
manufacturer when lubricating all moving parts,
You should keep the ashpit clean at all times.
Always report immediately any unusual operat-
ing conditions to your superior.

15-60. Underfeed siokers. Always keep suf-:
ficient coal in the retort to prevent the firc from

“heating unit. The pipe should

rcaching this scction of the stoker. Inspect the
windboxes and remove any accumulations of gift-
ings. You should also make frequent inspections

of the firchox brickwork. .
15-61. The most common cause of trouble with ,

a screw feed stoker is the stoppage of thé coal feed
screw by foreign particles lodging in the feed-screw
tube. Usually, the shearpin shears. But before re-
placing the shearpif, you must remove the foreign
particles from the tube so that the feed screw turns

- freely.

15-62. Spreader stokers. Examine the wind-

box of a spreader stoker periodically and keep it

clean. Check the operation of the feeder mecha-
nism to assure equal distribution of coal. If wet
coal sticks in the Mopper, push.it into the feeder
with a rod. , .
15-63. Traveling-grate stoker. You can adjust
the tension on the grate ofs the traveling-grate
stoker with the tension screws at the back sprocket
bearing. Adjust the screws on both sides until the

chain is tight, then loosen the screws slightly. Many -
traveling-grate stokers are equipped with ledge ’

plates on the sides to prevent excessive air leaks.
These ledge plates must be ‘adjusted properly for
efficient combustion.

15-64. Pulverized coal heating unit. 1t is nec-
cssary to keep checking the operation of the pul-
verizing milt, blower, burners and pipes, ducts and -
electrical controls of the pulverized coal heating
unit. The refractories should be checked frequently
for cracks or disintegration. You should adjust
the primary and secondary guide vanes as required,
and keep the burners clean.

16. Smokepipe and Chimneys

16-1. You have come to the point where you
have gained considerable knowledge about both
cast iron and steel coal furnaces. You have also
studied methods of handfiring them and using
stokers. Now, you are ready to study about the
means for hindling the byproducts of combustior.

You will recall that we previously discussed smoke- *

pipes,and chimneys—their function and operation.
Now you-are ready to study about installation and
maintcnance of smokepipes and chimneys. v

16-2. Installing Smokepipe. The proper instal-
lation of a smokepipe, or “breeching™ as it js some-
times called, is of prime importance to the opera-
tion of the heating unit. The smokepipe coming
from the fircbox of a furnace or boiler should be
at least cighteen gauge or heaviér metal and must
be at least as large as the connecting collar of the
pitched upward
from the collar at least 1.inch for cach lincar foot.

~ You should avoid the use of elbows or 90° bends

whenever possible because bends or elbows tend to
reduce the flow of the combustion gases to the
chimney. The smokepipe connections at the heat-
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ing unit collar and at the chimney must &e almght
to prévent the leakage of combustion gases into. the
furnace room. AJrught connections also keep un-
wanted outside air, which cuts down the amount
of draft on the heating unit, from being pulled into
the pipe. Some types of heating units have hinged
check drafts installed on the upper side of the pipe.
These check drafts are omitted, however, when
some types of coal are used, and a balanced atmos-
pheric type of draft regulator is installed to regulate
chimnty draft. You will recall that we discussed

this draft regulation in Chapter 3. The basic op-

erating principles of these regulators—whether
used for space heaters, furnaces, or boilers—is the
same, even though the size may differ. =~ .~
. 16-3. Maintaining Chimneys. The proper
combustion of coal in the firebox of a furnace or
boiler depends upon the size, type, and condition
of the chimney that carries -away the flue gases.
Every pound of coal requires from 150 to 250
cubic feet of air for complete combustion. For
this reason, sufficient draft must be maintained by
the chimney through the fuel bed to supply the
proper amount of air. It is, tHerefore} mandatory
that a chimney have sufficient height and arta, and
- that the chimney wall be rcasonably free from. air
leaks. The round chimney is the most efficient,
However, rectangllar chimneys are often used.
16-4. Chimneys must be checked for air leaks
and soot formation. Youy can make these checks

by examining the chimney with a hand mirror

placed at the proper angle in the cleanout door “at
the base of the chimney, or at the opening provided
for the smokepipe, as illustrated in figure 65. You
can determine whether the flue is clear, or whether
it has been obstructed by fly ash, fallen or dis-

placed bricks, or birds' nests, and the like. If an’

obstructed condition is found, a heavy weight sus-
pended from a strong rope and dropped down
from the top of the chimney will often clear the
obstructions., If they cannot be cleared in this
manner, then it is necessary to obtain the services
of an experienced chlmney man. Figure 66 shows
obstructions in a chlmney
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Figure 65. Checking a chimney with a hand mirror.
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Figure 66. Obstructions in a chimney.

16-5. If you suspect that there are leaks in the
chimney, you should insure that all openings in the
chimney are tightly closed. Also; look for caps
which do not fit tightly in the unused openings in_
‘the chimney. ‘At the base of every chimney there

is usually a cleanout door or opening to permit the -

rempoval of soot or accymulated fly ash. Often
these will be found partfally open or rustéd out,
so close the doors tightly or replace them, See
that any unused stoves or heaters connected to the
chimney have all dampers closed tightly, including
the chimney damper, since much of the effective-

" ness.of the chimney can be lost by tﬁcse large air *

leaks.
. 16-6. Then you should examine the chimney
at every point possible. This is done .to sée that
none of the mortar, has fallen out from between the
bricks. Leags of this kind can cause an otherwise
good chimnely to give a poor draft. Assure‘that all
of the joints between the bricks are cemented and-
made airtight
with air leaks.
16-7. A chimney must, have a cross-sectional
area equal to or larger than the area of the flue
outlet of the furnace. That is, the inside diameter
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Figure 67. A chimney with air leaks. -

Figure 67 illustrates loose " bricks
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of a ,mund_chlmney must bo equal to or larger
thun the inside diameter, of the fiue outlet,
whereas the inside dimensions of a rectangular
chimney must be at least two-thirds of the inside
diameter of the flue outlet. As a general rule,
the cross-sectional area of chimneys must be in-

creased 4 percent for every 1,000 feet of altitude

above sea level. Chimneys should be extended
at least 3 feet above the peak of the roof and
should never be less than 15 feet tall, even for
small stokers. It is recomgiended that the manu-
facturers’ specifications be followed when altering
or installing new chimneys. You should never
reduce the size of the smokepipe before it enters
the chimney. The pipe should fit tightly at all
connections, and pitch upward throughout its
entire length until it enters the chimney.

16-8. Sluggish chimneys can sometimes be
remedied by using a “toothpick” joint, which is

-TOOTHPICK JOINT

. »

illustrated in figure 68. When a chimney has too
large a flue or a weak draft, you can’ attach the

toothpick joint to the smokepipe and let it extend -

into the flue so that point “x” is in,theNapproxi-
mate center of the chimney. ) _

16-9. Some chimneys are built on a shelf the
bottom of which fs only a few inches, below the
smokepipe opening. (See fig. 68.) A strong eddy
current is usually formed at the bottom of the
chimney, and the toothpick joint will agsist in
creating a good draft.

16-10. In cases where two smokepipes enter a
chimney opposite each other, it is best to use one
length of pipe with a vee cut in it and have the
end closed as shown in figure 69. This gives both
connections an equal draft and eliminates the

" eddy currents which might reduce the draft in
one or both smokepipes.
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Figure 68. A toothpick joint installed in a chimney
built on a shelf.
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Figure 69. A two-smokepipe vee-cut installation.

-




%

CHAPTER' S

Oil Burners and Controls

OR MANY years the American housewife had
to contend with coal dust and ashes. These
created a very swrious cleaning problem in her
house. Often she had to carry coal into the home
for the stove or furnace, and take the ashes out.

and air to the combustion chamber. Domestic oil
burners operate automatically and maintain a de-
sired rate of combustion. A classification generally
recognized by the oil burper industry is based on

- design and construction. . The three types of do-

However, the discovery of oil and the use of its

byproducts-in heating systems have all but elimi-
nated this part of her cleaning problem.

2. Oil has a number of advantages over coal
when used for heating purposes. The cost of
‘handling oil is lower, because less labor is required
to do it. A much smaller storage area is required
to store a comparable amount of fuel oil. The oil
feasibly may be dropped from aircraft to otherwise
inaccessible areas. The buming of oil is easier to
control, and it is cleaner to handle. Oil does not
deteriorate when properly stored. In spite of all
these advantages that oil has over coal. we should
not be content to stop our comparisons here. Let’s
look into another area, such as the types of burners
and controls that are needed for oil.

The burners which use oil can be classified as
distillate, domestic, commercial, and industrial.
The distillate burners include the range or per-
forated sleeve type and the natural draft pot-type
or bowl-type burners normally used in the small

space heaters, which were covered previously in*

this memorandum. Domestic oil burners are usual-
ly.power driven and are imstalled in small heating
plants for steam and hot-water generation. Com-
mercial or industrial burners are used in larger
central heating plants. In this chapter we are
going to discuss various types of oil burners such
ag the high-pressure gun-type, low-pressure gun-

“type, vertical rotary, horizontal rotary and con-

version-type burners -which you will operate and
maintain during your military career. There will
also be discussions covering the construction,
operation, and troubleshooting of each type of

domestic‘ oil burner.

17. Domesﬁg Oil Burners

17-1. Domestic oil burners vaporize or atomize
the oil and deliver a predetermined gquantity of oil

mestic burners that will be discussed are the gun-
type high-pressure oil burners, gun-type low-

pressure oil burners, and vertical rotary burners. -

17-2. Gun-type domestic’ oil burners atomize
the oil either by oil pressure or by low-pressure
air through a nozzle. The oil system of a pressure-
atomrizing burner consists of strainer, gear pump
prcssure-regulating valve, shutoff valve, and ato
izing nozzle. The air system consists of a po
driven fan (with the means to throttle th
an air or blast tube (which surroun
and electrode assembly), and tube Vanes (which
create turbulence for properly mixing the air with
the oil). The fan and 6il pump are generally con-
nected directly to the motor. Atomizing nozzles
are available for different angles of spray and oil
flow rate for any particular installation. Flame
shape can also be varied by changing the design of
the air exit at the end of the air tube. The oil
pressure normally used is about 100 pounds per
square inch (psi), but pressurecOnsiderably higher
than this is sometimes used.

17-3. Electric ignition is almost universally
used to start the burning. The ignition is caused
by stepped-up line voltage (approximately 10,000
volts) arcing between two electrodes. The elec-

" trodes are located near the nozzle, but they should

_burner. The first type which you will study is the .
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not be in the path of the oil spray.

17-4. Gun-Type High-Pressure Bumers. The
high-pressure gun-type oil burner is the most popu-
lar type. Its simple construction makes necessary
only two operating adjustments. The high-pressure
burner, shown in figure 70, is a carefully designed
and precision-built oil burner constructed for.dura-
bility and long service. The high-pressure bumer
consists of motor, fan. ignition transformer, fuel
unit, nozzle and electrode assembly, and the casting
to which all of these parts are attached. The parts
of a high-pressure gun-type burner are usually
interchangeable’ with other burners of this type.
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Figure 70. High-pressure gun-type oil burner.

17-5. An electric motor, like that shown in

figure 71, drives the fan and the fuel pump.- The
motor is specially designed and is an integral part.
of the burner. It is mounted on the burner by
means of a two-, three-, or four-bolt flange. The
removal of these bolts allows easy removal of the
-motor for repair or replacement. If the motor has
oil cups, it should be oiled about twice a year.
Special ‘attention should be given to oiling the
motor, because overoiling it can cause damage.
17-6. A rebuilt motor of the same rotation,
mounting, and revolutions per minute (rpm) is
generally used as a replaccment in the cvent of
motor failure. Basically, however, all oil burner

motors are similar; consequently, replacement .
motors do not always have to come from the same
manufacturer. The important factors are the direc-
tion of rotation, rpm, and mounting,

17-7. A fan or blower partially shown in figure
70, is better illustrated in figure 72, and is located
within the burner fan housing. The unit is driven
directly from the motor shaft, and it provides the
necessary air to support combustion. The fan
wheel is of multiblade design and capable of fur-
nishing adequate air to the draft tube. The volume
of air handled by the fan is readily controlled by
an adjustable air shutter on the housing which con-
trold the air intake to the burner. :
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Figure 71. Cutaway view of an electric motor.

17-8. The ignition transformer, like that shown
in figure 73, is usually located at one side or on top
of the burner, and it provides the “step-up” from
the line voltage of 110 or 125 volts to the 10,000
volts required by the ignition electrodes. The
spark jumping across the gap between the elec-
trodes provides heat which ignites the oil that is
spraying from the nozzle. When replacing a
burned-out transformer, you mppust be sure to re-
place it with one of the proper type or one that
has identical mounting holes. °~

17-9. The fuel-units of a high-pressure gun-
type.burner may be either single-.or two-stage Yinits
using one- or two-pipe supply systems. .Each of
these units has a specific application; therefore one
unit must never be applied to the use for which the
other is intended. -

17-10. Single-stage fuel units. The single-stage

Figure 72. A multiblade fan.
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Figure 73. A*nJgn?lion transformer.
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fuel unit has one pumping stage that takes the oil,
fed by gravity into'it, and applies sufficient pressure
to force the fuel through the nozzle. The single-’
stage unit is, therefore, best adapted where an
elevated tank is used and the oil is fed by gravity
to the burner. Although the single-stage pump
can be used, if necessary, for overhead piping in-

stallations, there is some danger of pump noise. . .

The two-stage pump is therefore recommended for
this installation. Figure 74 illustrates a single-stage
fuel unit. - L
17-11. Two-stage fuel units. The two-stage fuel
unit is,very much like the single-stage unit, but it
contains two complete pumping units. A two-stage
unit is shown in figure 75. One pump lifts oil
from the tank to the unit and delivers'it to the sec-
ond pump, which applies the required nozZle pres-
sure. This two-stage unit is recommended for use
with all outside underground tank installations as
well as for the inside tanks connected to the burner

through overhead piping. You should use a two-- -
pipe system with a two-stage fuel unit. The pres- -

sure regulating valve has an adjusting screw to en-
able the operator to vary the pressure from 80 to
140 psi. .

17-12. In the case of hum in the fuel tank,-
check the antihum diaphragm of the fuel pump. If
it is broken or missing, replace it with one’like tha
shown in figure 76. '
. 17-13. Nozzle and electrode assemblv. The
nozzle and electrode assembly includes oil pipe,
nozzle holder, nozzle and strainer, electrodes. in-
sulators around the electrodes, a supporting clamp
for all parts. and a static disk. as illustrated in
figure 77. oo
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Figure 74. A single-stage fuel unit.
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17-14. The high-pressure gun-type nozzle is
rated in gallons per hour (gph), and the rating is
stamped into the side of it.® The nozzle that is
selected depends on the size of the furnace or
boiler. The angle of the spray is also stamped

into the side of the nozzle. The size of the firebox

determines what the angle of spray will be. A long,
narrow fircbox requires a smaller spray angle than
a short, wide firebox. Carc must be taken when
selecting a nozzle to insure that the angle of the

- intake port
.:u;":t %?u':) —— > /q“ pipe plug)
(. D
Pressure regulaing p p (9 .
screw cap "
’ \Noule port
5. © Bypass plug
Return port

Figure 75. A two-stage fuel unit.
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spray will not cause the flame to strike the sides or
back of the firebox.

17-15. Gun-Typé Low-Pressure Burners. The
low-pressure gun-type oil burner is different from
the high-pressure gun-type burner. The parts of a
gun-type low-pressure burner are also different
from the parts of other burners of this type. It is
necessary, therefore; to study cach type individu-
ally. Figure 78 illustrates a typical low-pressure
gunétype bumner. o _ :

17-16. Figure 79 shows the oil and air being
brought together inside a compressor and mixed.
This mixture is detivered into a separating chamber

SCREW :
HOLES ™™=

»

TYPICAL (O
METAL
DIAPHRAM

Figure 76. ‘Antihum diaphragm.
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called a “sump,” where it is separated. . Then the
oil and air are again brought together in an air
friction-type nozzle and remixed. This basic cycle
provides smooth oil travel aund uninterrupted de-
livery. The three indispensable parts of the gun-
type low-pressure burner are the rotary compressor
(which pumps the oil and air), the sump or scpa-
rating chamber, and the nozzle. (The nozzle of
the low-pressure burner is very different from the

Figure 77. Nozzle and clectrode assembly.

nozzle of the high-pressure burner.) This type of

wnozzle is illustrated in figure 80.

17-17. The air used for atomization of the oil
is only a small portion of the air required for
proper combustion. Consequently. a motor-driven
blower, with the means of throttling the air sup-
ply, provides additional air. The oil.-flow rate is
controlled by adjusting the air atomizing pressure.

17-18. Vertical Rotary Burers. There are
two distinct types of vertical rotary burners—the
atomizing or radiant-flame burner and the vaporiz-
ing or wall-flame burner. The atomizing or radiant-
flame burner, sometimes called the “suspended-
flame burner.” atomizes the oil by throwing it from
the circumference of a rapidly rotating motor-

Oil. STRAINER

COMPRESSOR HMOUSING

CUTOFF VaLVE
CONTAINING (aRGE
AND SMALL BELLOWS

SECONDARY aAIR
ADJUSTMENT
SHUTTER

ORAFT
TuBg

GHP OR O1L.
AQJUSTMENTY .

PRESSURE  ADJUSTMENT

N .

Figure 78, Low-pressure gun-type [mmer./
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driven cup. The radiant-flame bumer is shown in
figure 81. The burner must be installed so that the

driving parts are protected from the heat of the-

flame by a hearth or refractory material at about
grate level. “The oil-may be fed by a purip or by
gravity, while the draft may be either forced or a

combination of natural draft and forced draft. The -

air-oil mixture burns as a suspended flame without
striking the furnace walls. ° -

17-19. The vaporizing or wall-flame burner,
also called the “blue-flame burner,” has an. oil dis-
tributor and fan blades mounted on a vertical shaft
that is directly connected to a motor. A refractory
hearth shields the motor from the flame. The oil
distributor projects the oil to a flame ring, which
may be either refractory material or metal. The
flame ring of the wall-flame burner is shown in
figure 82. The hot flame ring vaporizes the oil;
and the oil vapor mixes with air-and burns with a
quiet, blue flame that sweeps the walls of the fur-
nace. Wall-flame burners can use electric, gas-
electric. or gas ignition devices. Satisfactory per-
formance in small furnaces requires the use of
high-grade furnace oil.

17-20. Installing Domestic Oil Burners. Sat-

’ isfactory heating with domestic oil burners depends

~~
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not only on the selection of suitable equipment,
proper installation, and operation, but also on the
condition of the building to be heated. This condi-
tion of the building is particularly import#yith
respect to heat loss (tightness of doors and win-
dows) and the location of the heat sources. The

oil burner must be installed by qualified and ex-

perienced mechanics, in strict accordance with the
manufacturer’s instructions. - Details of combustion
chamber size and shape, and the positions of the
burner and auxiliary equipment can be found in
installations tanuals that are furnished by the oil
burner manufacturers. The fuel supply tanks and
piping must be installed ,in accordance with the
National Board of Fire Underwriters Regulations
governing the installatioh of oil-burniity equipment.

7'
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-Figure 79. A schematic diagram of air atomization employed by a low-pressure
gun-type burner.

The electrical connections must conform to the
National Electric Code. :

17-21. The chimney to which the oil burner is
connected must be constructed so that ample draft
is available at all times for safe operation. Flue
dampers must be constructed so that not more than
80 percent of the internal area of the flue can be
closed off, and a draft regullator is required. The
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Figure 80.
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Low-pressure nozzle and a cutaway view of the nozzle.
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furnace in which the oil burner in installed must be
adequately ventilated to assure sufficient air for
complete combustion of the oil.

17-22. Operating Domestic Oil Burners. You
will follow the recommendations and procedures
furnished by the manufgcturer,of the specific unit
when operating domestit- oil burners. After the
burner has operated long enough to warm the com-

/ .

OiL AND AIR ENTER WHIRL CHAMBER
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‘Figure.81. . Cutaway view of a radiant flame burner.

bustion chamber, you should make an air adjust-
- ment as you watch the flame for propgr color.
After you have adjusted the fire visually as well as
you can, you should analyze the combustion with
an orsat to insure proper combustion. You then

“ FLAME RING SEGMENTS MUST
STAND UPRIGHT ON HEARTH .
SURFACE. DO NOT BURY IN e
HEARTH MATERIAL. n

HEARTH
CIGNITOR

Figure 82. Top view of a

GRILLS

RVAN

allow the burner to ope'ratve for 2 or 3 weeks bcforé
you check the combustion again with an orsat and
" use the draft gage.

I'7-23. Troubleshooting Domestic Oil Burners.
Some of the common troubles, along with their

HEARTH SURFACE MUST BE
SAME HEIGHT AS, AND °
'LEVEL WITH BURNER TOP.

OIL TUBE
”

wall lame burner flame ring.
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causes and remedies, which you will encounter
when troubleshooting domestic-type oil burners are
listed in chart 2. To make use of the listings, you
must first determine what the trouble is. Then you
can refer to the chart and find the cause and the

remedy:

CHART 2

i.ist of Common Troubles

Trouble

1. Oil Failure. a.

Cause

Oil storage tank a.
empty. v

. Nozzle clogged. b.

Remedy
Refill.

Remove the
burner
assembly.

- Clean or re-

. Strainer y
clogged.

. Internal bypass d.

plug may not be
in place when
installing the
burner with a
return line.

. Restriction in e.

suction line,

. other than

e

2. Motor failure. a.

clogged
strainers.

Vacuum leak f.
in the suction,
ling.

place the nozzle.
Clean the line:
strainer, the fuel
unit strainer,
and/or the
nozzle strainer.
Install the by-
pass plug.

Use a vacuum
gage to check
the line back to
the tank. Use a
bicycle pump, -
attached to the
burner end of
the line, to blow
back any ob-
structions in the
line.

Locate and re-
pair the leak.

In extreme cases
(e and f) it may
be necessary to
run a new suc-

_ tion line.

Leaky pump a.
shaft seal.

Bypass plug in- a.
stalled in fuel

unit when used
with a single-
pipe system,
thereby build-

ing up excessive
pressure and
stalling the
motor. May

blow the fuses.

. Motor starting .

switch dirty or
sticking.

Replace the
seal.

Remove the by-
pass plug.
Check the fuel
unit and the
motor for possi-
ble damage.

Remove the
motor end bell
and examine
the switch
assembly. If
the remedy is
not obvious, re-
place the switch
assembly or

\
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Trouble *

3. Igniﬁon S a
failure.

4. Faulty control a.
operation.

5. Irregular stacka.
temperature.
© b

6. Noelectric a.
" cyrrent to
burner circuit..

3

Cause

. Motor con- c.

denser is
burned out.

. Motor is d.

shorted or
burned out.

Transformer a.
terminzals are
not connected.

. Electrodes are -b.

not set properly.

. Carbon on the c.

electrodes.

. Weak trans- d.

former.

. Electrodes are .

cracked or
grounded.

Stack control} -a.
helix is.bad

. ,s:d&ted.

Stack tempera- b.
ture is too low
because tiie fire

is too"small for
the-heating

Joad.

. Too frequent c.

cycling of the
thermostat.

Change in draft.a.

Downdraft  b.
caused by ob-

struction such

as trees or in-
sufficient .
chimney height.

: Bad draftdue c.

to leaks in the
chimney. \

. Fluctuating ~ d.

flame.

A

’

FusewbchWn. a.

Remefiy

change the
motor.

Short out the
condenser. If
the motor runs,
replace the
condenser.
Replace the
motor with one
of same ro-
tation.
Connect and
properly

" tighten the

terminals.
Adjust the
setting.

Clean and check
the setting.
Replace trans-
former.

Replace the
electrodes and-
adjust the ~
setting.

Remove the
control and
clean the helix °
with a small
brush.* ¥
Increase the gph
and adjust the
fire for boiler

* s1ze.

‘Adjust thermo-
stat for longer
running cycles.
Check wiring to.
thermostat heat
anticipator.
Install the draft
regulator.
Remove the ob-
struction. In-
crease the
chimney height
or install an
H-hood.

Other openings
should be
closed.

Check burner
operation.
Nozzle may be
partially clogged
or there may be
water in the oil.
Fuel unit pres-
sure may be'set
too low so that

. the oil delivery
_is not uniform.

Replace the
fuse, and deter-
mine what
caused it.to
blow

v
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Trouble

P
Cause

. Difficulty,with - b.

the power
source.

c. Break in the c.
wiringor bad -
connection.

d. Defective . d.

.. - controls.
7. Burner fails a. Controls a.

to shut off.

\ 2

. Wires shorted: .

8. Smoke, odor, a.

and fumes.

.9. Burner puffs a
- when starting.

10. Burnershort a.

cycling.
b
o
11. Improper a.

flames.

12. Burner noisy. «.

improperly -
wired.
Thermostat out b.
of calibration.

out.

Improper a.
burner
adjustment.

creating pres-
sure in the
chamber.

" ¢. Air cone burgedc.

away or fallen
out.

. 'Electrode is not a.

properly set.

. Weak spark due 5.

to a ground in-
the burner
assembly.

. Weak spark, or c.

no spark at all.

Limit control is a.
cutting off and
on.

. Thermostat  b.

differential is

set to close:

Qil pressure too a.
‘high or too low.

. Poor draft. b.

. Improper ad- .

justment of the
burner air  «
shutter.

Motor drive .

+ coupling is

loose or worn.

n

Remedy

Notify the
electrician.

Check it with
test equipment
and repair it.
Repair or re-
place.

Rewire the
controls.

Calibrate the
thermostat.
Check with the
test equipanent
and repair.

Check the air-

* and oil ad-
. justments.
. Bad draft b.

Check the over-
fire draft with
the gage and
correct.

Check the air
cone on the end
of the blast
tube. Correct
or replace it.

Reset the elec-
trodes.

Check and
correct.

Check out the
transformer and
replace it if
necessary.

Check the wir-
ing and location
of the limit con-
trol; also check
the thermostat.
Adjust for wider
differential.

7

Adjust the fuel
pump for 100
pounds of pres-
sure. Set the
air shutter for,
the proper
smoke reading.
Check the
chimney and
smokepipe.
Adjust to pro-
duce an orange
flame with no
chimney smoke
and no more
excess air than
necessary.

Replace the
worn parts.
Check the
alinement.

K]
-

. Trouble Cause Remedy
Z’- Rigid electric 5. Relieve the
+" oroil pipe con-  strain by in-
nections at the stalling flexible
burner. sections at the
burner.
"¢, Fuel unitis not ¢. Reassemble the
reassembled fuel pump.
properly. . P
d. Tank hum. d. Install an anti-
hum diaphragm.
13. Excess fuel . Poor atom- a. Adjust to the,

ization. proper flame.
b, Excessive draft. b. Readjust for a
—0.02-inch
) overfire draft.

¢. Low COs: (high ¢. Eliminate the air

excess air). leaks in the fur-
nace or boiler.
Adjust the draft
and improve
the flame.

d. Fire is too smalld. Increase to the
for the boiler proper gph.
or furnace.

e. Fire too large .

consumgtion.

Decrease fire to

. for boiler or proper gph.
- furnace. :
, | Improper f. Check and reset
. setting of the controls.
controls. '

2. Heat exchanger g. Clean heat'ex-
areas caked chapgcr areas.
with carbon
-and slag.

14. Excessive elec-a. Fire may be set a. Increase the gph
trical con- so low that to proper size.
sumption. burner operates

continuously to
- heit the
building.
b. Bad adjustment, b. Adjust burner
, low COs. for proper COa.

17-24. Maintaining Domestic Oil Burners.
Some of the common services that should be ac-
complished on domestic oil burners are listed in
the following paragraphs. These services should
be scheduled and performed at the intervals recom-
mended by the manufacturer of the oil burner. It
is necessary for you to remove soot and carbon
deposits from the nozzle. A nozzle is a delicate
unit and should be handled with care. Use safety

/" solvent to clean the nozzle. Compressed air also

68

can be used for cleaning; however, goggles should
be used to protect your eyes. Also, clean the fuel

lines, storage supply tanks, strainers, pressure reg- -

ulator valves, and fuel pumps. Check all electrical
wiring. Lubricate electric motors and other units
requiring lubrication, being careful not to overoil.
When you clean soot from the firebox, refractories,
flues, and chimney, you should follow the manu-
facturer’s instructions. You have been studying the
. construction, operation, and carg, of domestic oil
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burners. Now you are going to study similar dis-
cussions with regard to commercial oil burners.

18. Commercial Oil Burners .

18-1. There are many different types of com-
mercial oil burners. Some of them are enlarged
units of the domestic type, whereas others are
small industrial models. Some burners, with slight
modifications, can be used in domestic as well as
commercial and industrial heating systems.

18-2. Horizontal rotary-oil burners, originally
designed for commercial and industrial use, also
are currently available in sizes for use’in domestic:
installations. There are two types of horizontal
rotary oil burners. ' One type rotates the atomizer
or cup with an electric motor, while the other type

. rotates the atomizer by means of an air turbine.

18-3. Figure 83 illustrates a horizontal rotary
oil burner driven by an electric motor. In this
surmer assembly the oil flows from a hollow shaft
into a rapidly rotating atomizer, frgm which it is

" atomized by centrifugal forge. Air is forced through
the vanes of the fan surroundmg the atomlzmg cup.
ThlS shapes the flame and mixes the air with the
oil.” The turbine-driven oil burner is designed so
that part of the air is forced through the turbine.

The turbine rotates the atomizer which shapes the

~

oikspray pattern.

] FAN

CAP SCREW,

NOZZLE PROTECTOR | % e

FAN HOUSING |,

- 18-4. Horizontal rotary oil burners are usually
constructed to swing away from the firebox to fa-
cilitate inspection and cleaning. They operate satis-
factorily within a wide range of fuel oifs. The
larger units are able to afomize and burn very
heavy oils. ‘

18-5. The mstallauon operatlon troubleshoot-
ing, and preventive maintenance pracedures are
basically the same as those listed for domestlc-type
oil burners. There will be certain specific varia-
tions in these procedures; conscquently, always
refer to the recommendations of the manufacturer
for definite procedures.

19. industrial Oil Burners—

19-1. Oil byrners and equipment for industrial
use are usually designed to burm lower c/ost heavy
fuel oils such as U.S. Commercial Standard Grades
Nr 4, Nr 5, and-Nr 6. The viscosities  of these oils
are much greater than those of the lighter domestic
grades. For this reason the equipmem required .
for satisfactory storage, pumping, and combustion
differs considerably from that used in most domes-
tic oil-burning systems.

19-2. Horizontal Retary Bumers. Fhis type
of oil burner is similar to the horizontal rotary
burner described for cémmercial heating, only
much Iarger;( The rotary cuf) burner has been the

<

P

INSPECTION PLATE

g

AIR INLET HOUSING

PRIMARY AIR BUTTERFLY

Figure 83. A horizontal rotary oil burner. -
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F igure 84,
£ 2

The cross section of an outside-mix
oil burner nozzle.

most popular in the capacity range of 25- to 500-
boiler horsepower, Its principal advantages are
that it is a self-contained integral unit; it is adapta-
ble for manual, semiautomatic, and fully automatic

conatrol; and its firing rate can be easrly varied -

through a wide range while maintaining hlgh
efficiency.

19-3. Steam-Atomizing Bumners. Steam-atom-
izing oil burners are the nost common of any of
tht nonmechanical types (ﬁzorl burners and reqmre
only a minimum amount of equipment. The oil is
supplied at pressures of from 5 to 30 psi. and
stearn is available from the boiler itself. The steam

used by an oil burner of this type is usually less ’

than two percent of the boiler output. These
burners may be divided into two general gmups
the outside-mix type and the inside-mix typer

20. Conversion Ol Burners

20-1. Conversion oil burners are installed in
furmaces and boilers where there is a need to
change to fuel oil from the fuel that is currently
being used. It is necessary to determine the heating

load before selecting the proper size of burper for

a fumnace or a boller. Most furnace manufacturers
rate their furnaces by the sqpare inch area of the

duct that is to be connected to the furnace. When'

' you wish te determine the size of the nozzle you
multiply this area by 0.0025. The resulting figure

is the amount-of oil to be burned per hour, For.

example, if you have a duct area of 500 square
lnches. a 1.25-gph nozzie should be used.

© 20-2. Steam boiler manufacturers rate their
boilers by equivalent drrect radiation (édr) 135tcad
; of by duct area. To determine the size of thd noz-
“zle for steam boiler operation, you . figure the
amount of radiation for each ridiator, add the

total, and then divide this by 300. The answer \

is the amount of oil that will be burned per hour,
*20-3. All conversion oil burners should be in-
stalled in accordance with the manufacturers’
instructions and in compliance wrt
directives.. - -
(-4. TIn these previous paragraphs you have
studied about the various types of oi] bumners, their

- uses and operation, and about troubleshooting

19-4. Outside-mix type. A burner of the out-

side-mix type uses a nozzle similar to the one illis-
trated in figure 84. Air for combustion is produced
by natural draft. Thc units equipped with this type
of burncr will operate at*a high rate of cfﬁcrcncy
only when limited to moderate capacitics without
side fluctuations. Tt is-not adapted to fully auto-
matic operation or to wide variations in firing ratc.
This burner is relatively low in initial cost.

19-5. Inside-mix ‘type. The inside:mix oil
burner normally produces a flat or conical flame,

depénding upon the type of nozzle used. For an_ °

oil burner subjected to wide fluctuations or extreme
loads. a nozzle similar to the one in figure 85 s
used, The installation, operation. ‘troubleshgoting,
and preventlve ‘maintenance procedures used fpr
industrial oil burners should be procured from the

. manufacturer of the ojl byrher.

The cross gection of an inSideanix
oif burner nozzle. Y
- n 2 -
. . ” ~ - *
Q ’ . ¥

them. Your next assignment here is to study how
these burnérs are controlled. . . .

21. Qil Bumer Confrols

21-1. The purpose. of oil burner' controls is to
provide automatic, safe, and convenient operation
of oil burners. The system is designed to maintain
the desired room temperatur'e. to start the burner
as required, and to’ 1gmte the oil to initiate éom-
bastion. However, in case trouble arises duting
operatlon-“ the burner must be stopped and further
. operation- prevented until the trouble has been
corrected ; :

21-2. Control
the same as stoker a
“ference is that the orl burner has, in addition, two
ignition electrodes and a primary or safety ignition
coritrol. A diagra'm of a typical gravity warm-air

o controLsystem is shown in figure 86.

70

21-3. A pressure limit control is requrred for

, steam fborler operation, whereas' a temperature

l ontrol is required for warm-air furnaces to
stop the burner in case of excess _pressure or tem-
_perature. Additional safety devices can be fur-_
nished by the manufacturer to surt the type of
burner, as rcqunrcd ;
21-4.  Ignition. Eleggrodes. TFhe fuel oil is
ignited by the heat. pf%a spark jumping betyeen
two 1gnmo

83 LA

@y

Jocal base,

for ojf "burners are essentially_
as controls. The only dif-

trodes.” The gap between the elec-

.

£y
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“
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Figure 86. Typical gravity warm-air control system.

*

&

trodes is- from Y& inch or as otherwise specified.
Each manufacturer will prescribe the correct gap
setting. The voltage necessary to cause the spark’
to jump is much more than the line voltage availa-
ble. Therefore. an elecmc transformer is used to
step up the line voltage to approximately 10.000
volts. :

21-5. Primary Control The burner primary
control is electrically connected between the.ther-
mostat and the burner, as iHustrated-in figure 86,
and performs several functions. The primary con-
trol closes the motor and ignition circuits when the
thermostat calls for heat. It breaks the motor cir-
cuit and stops't.he', burner when the burner motor
first starts and the fuel oil fails to ignite; also dur-
ing or after burning if the flame fails. The control
prevents. the starting of the burner in case of elec-
“ trical failure; until all safety devices a'rc in a normal
starting position.

-21-6. +An interior view of the primary control

~ of the oit burner is shown in figure 87. The con-

.

”

‘LEvEr 1O
rut CONTACTS
TN STEPT

s

s MOTOR RELAY @

RESET LEVER ON
SAFTEY SWHCH

TRANS [o S

v

y

tro]% equipped with a sensing device which re-’
sponds to the temperatyre of the flue gases and
thus breaks the electrical circuits if some malfunc-
tion exists in the burner contral system. .

21-7. Thermostat. The thermostgat used for oil
burners is similar to the thermostat used with
stokers and gas-burning systems. However, a spe-
cial double-contact thermostat which controls three
stages of firing can be usgd for oil burners. When
the room temperature is in the range between the
two contacts, the burner is at medium fire; when
below, athigh fire; and gvhcn above, at pilot fire.

2 1-8. Burner Control Maintenance. Once each
year the contact points of the individual control
units should be cleaned and all electrical contacts
tightened. If trouble is experienced with any of the
units, you should consult the manufacturer's scr -
ice manual for making adjustments and repairs.
As a general rule, oil burner controls are quite
trouble-free.

.
.

.




"ERIC

Aruitoxt provided by Eic:

CHAPTER 6

Gas Burners

- l
HROUGH the yéars houses and other build-
ings have become more luxurious. and better

standards of living and working have been realized.

The need for a fuel that could be controlled auto-

matically and would burn cleanly, without the of-

fensive dust and odors of coal and oil, became
great. Through the discovery and extensive use of
natural gas and liquefied petroleum gas this need
has been satisfied temporarily. Now we are looking

" forward to atomic power for heating.

2. In three previous chapters of this Memo-

* randum coal-burning and oil-burning heating

equipment were discussed, and some major ad-
vantages and disadvantages of this equipment were
given. This chapter will give similar information
about gas-burning equipment. The discussions
here will include information about gas pressure
systems, types of gas burmers,. measuring gas
pressure, maintenance of gas_burners and con-
version burners. You will find that the use of this
type of equipment makes your work as a heating
systems specialist much easier to décomplish.

Natural gas is a nearly ideal fuel because it burns
casily. requires comparatively simple equipment
and labor. is almost free of noncombustiblcs. and
is cleans .It is a comparatively dangerous fuel.
however. because it mixes casily with air and burns
readily. Extreme care must bé exercised to prevent
or stop any leakage of the gas into an unlighted
furnace or into the boilerroom. All gas burness
should Be approved by the American Gas As-
sociation and instajled in accordance with applica-
ble standards of the National Board of Fire
Underwriters.

Gas line pressures vary wrdqu and are usually

transmitted at pressures tod"high to be used in a -

heating unit without reduction, These high pres-

- sures are generally reduced to a pressure’ varyimg

from a few ounces to approximately 30 pounds per
square inch (ps{). depending upon the type and
size of the burner used. The reduction in pressure
is accomplished by using a diaphragm reducing
viflve which. when once adjusted. will maintain a
fixed pressure to the burner as long as the main
line pressure, remains above the set pressure of the

reducing valve, ~_

and Centrols ~

-
. PN

at the reducing valve, it is forced o} of an orifice
or tip called a “spud.” The gas and¥air are mixed
and burned. Air may be supplied to tfie-burner at
atmosp@eric pressure, or the burner may be in-
cased in a duct and the. air supplied to it under
pressure by a blower . -

Gas burners ‘should always be eqmpped with
safety pilots (“Flame Rods,” “Protect O Glow,”
or some other system) which insure lighting. The
pilot is a flame or igniting device that starts the
main burner. If the pilot fails, gas is not admitted
to the burners. When the pilot flame is extin- .
guished, you must purge and ventilate the furnace - i
before lighting it again. e

If propane or butane gas is used, be SGR)to
ventilate the furhace each time it is fired. Propane
and butane gases are heavier than air and\extra v
time is required for diffusion and removal of ac-
cumulated gas pockets. These gases tend to settle
in the bottom of the firebox or the "combustion

After the gas is reduced to the ;:éoper pressure

ner”

~ chamber.

B

22. Gas Pressure Systems

22-1. Usually gas-burning systems are classi-
fied according to the amount of gas pressure cach
one utilizes. These are classed as low-pressure and
high-pressure systems.

22-2. The low- pressure systems are designed
for relatively low capacities, and they op"rate with
the natural gas at pressures of 2 ounces to 3 pﬁ '
A multijet burner is employed to provide maximu ). )
heat from the gas and,air at the pressure available.

The gas is conveyed to several burnér units from

a manifold which in installed between the supply .
line and the burners. The manifold must be used

when several burners are operating in one unit. |

22-3. The high- ‘pressure burner operates on |
pressures of 2 to 25 psi. Because the pressure in N
a gas main. serving a large plant, can vary as much . |

-as 30 to 50 psi. the high-pressure is reduced and ‘

maintained by means of a pressure-reducing valve. . e
With the high-pressure systems, the® air for com- '
bustion is normally supplied under pressurc by v

means &f a blower.

PR Aba N PR . it 5 ik
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23. Measuring Gas Pressure

23-1. Since a bpmer may be designed for a
specific pressure, it is necessary to set gas pressure

- at a certain number of pounds per square inch.

Also,’it is more economical to use gas at a low’
pressure, providing the heating unit will produce
maximum heat. Usually, the gas pressure can be
adjusted at the préssure regulator. Various vacuum
and pressure gages are used to determine gas pres-
sure. The most important and commonly used
gages are the Bourdon pressure gage and the
manometer. C .
-23-2. Bourdon Gage. The essential element of
the Bourdon gage is an oval metal tube. curved

along its entire lepgth to form almost a complete -
- circle. One end is closed and the other end is con-

nected to the source of pressure to be measured.
The application of pressure to the tube tends to
straighten it. This movement is transmitted by
linkages to a needle moving over a gradual dial.
The dial is calibrated, or scaled. to read directly
in pounds per square inch.

23-3. Manometer. Another instrument that is
used to measure pressure and Yacuym for gas
burners is called a manometer. It is a U-shaped
glass tube 30 inches loag on each leg and half filled
with water or mercury, as shown in figure 88. Id
detail B of figure 88, the manometer is at a neutral
stage: that is, the pressure on both legs is equal.
Ilustration A shows a manomcter connected to a
gas pressure line and indicates a pressure differ-
ential of four inches. Illustration C shows the in-
strument connected to a vacuum line indicating a
vacuum differential of 4 inches. This static pres-

" ‘sure is referrcd to as inches of water or mercury,

depending on the type of liquid used in the manom-

“air is supplied around the base of each separate

“eter tube. Although the pressure is read in inches

of water or mercury, it may also be expressed in
ounces or pounds per square inch. You have now
studied how gas pressure is furnished to the heat-
ing plant and how this pressure is measured. We
will next discuss the' types of burners that wse gas.

24. Types of Gas Burners
24-1. The natural gas burners, that are used in

heating appliances usually have a nonluminous .

flame and are the Bunsen-type burner that is illus-
trated in figure 89. Part of the air needed for com-
bustion is primary air that is drawn into the burner
mixing tube r venturi, where it mixes$ with the gas-
and is burned at the burner ports. The secondary

-

burner flame by nature. draft or is induced by a
dritt fan. -

24-2. Bunsen. Bunsen gas burners are de-
signed in many different sizes and shapes,.some of
which are illustrated in figure 90. The burner de-
sign is determined largely by the shape of the com-
bustion chamber in the heating unit, the firebox,

" and the method used for mixing the air with the

gas. All of the burners illustrated in figure 90 -are
usually considered to be the low-pressure type.

24-3. Radiant. Radiant gas burnérs are hori-
zontal firing, usually through a large number of
small orifices or spuds. These orifices inject and
control a strcam of gas through hollow refractory
blocks which have a number of openings, in the
form of various designs, in the front or heating
side. The flames burn directly in the hollow re-
fractory blocks and extend almost the full length of
the blocks, depending upon, the amount of gas
passing through the orifice. .

-

B

- Figure 88. Open manometers having different readings.

&2
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BURNER PORTS
SECONDARY AIR ENTERS HERE

Ls

GAS SUPPLY LINE

P

\___ ADJUSTABLE AIR REGULATOR SHUTTER

PRIMARY AIR ENTERS HERE

Figure 89. The Bunsen-type burner.

24-4. Open brick bafiles are sometimes located
directly behind the burners at about two-thirds
normal flame height. These baffles are built so that
the front area is completely open, requiring the
flame to pass through the baffles close to a very
hot refractory surface. The pilot lights are usually
placed in the center of the row or orifices.

24-5. Upshot. Upshot.or vertical gas burmners

are usually built in units. Each unit is composed _

of a venturi or mixing throat that is mounted di-
rectly over an orifice or spud in the manifold, as
illustrated in figure 91. The burner top surfaces
vary widely in design. Some have drilled or slotted
tops; others have a brick or refractory riiounted on
a grid or sfotted spacer. In each type, however,

N

the gas-air mixture must pass through a small port
belore it is ignited, thus offering protection against

flashback. Burners of this type are not readily con-

verted to oil use for standby operation.

24-6. Inshot. Inshot gas burners are usually

the horizontal type. A typical inshot gas burner is
illustrated in figure 92. These burners are simijlar
.in construction to the upshot type. The advantage
of this type of burner is that it can be installed in
the lowest part of the furnace firebox. This greatly
increases the prime heating surface exposed to the
flame and gauses the maximum amount of heat go
be extracted® from the fuel being burned. These
burners are also easier to install inan existing fire-

. RAISED PORTS

“ ‘ ! ' o ' . ¢ ' J -

‘ Figure 90, Lypicul Bansen gus burners.
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Q Figure 91 « Upshot gas burner installation.

box, since their conﬁruction makes them a small
and compactunit. - '

24-7. Premix. Premix gas burners are equipped
with an electric motor and blower that is used to
compress the air and mix it with gas at the same
time. An illustration of a typical premix. gas
burner is shown in figure 93. Buthers of this type

operate satisfaglorily in combustion chambers
75

which do not have good refréétory surfacés. They
are, therefore, well adapted to Scotch marine

boilers, because these burners are not uspally

adaptable for conversion to oil burning.

24-8. Combination Gas and Oil. Combination
gas and oil burners are used for the purpose of
firing two different types of fuels. This does not
mean that both types of fuel are burned at the

Y
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F igure 92.  Aninshot gas burner.

-
same time. Usually, the fuel that is the most
abundant or the cheapest is used during production
hours, while the other #uel may be provided for
standby operation. - T

24-9. Combination gas and oil burners are usu-
ally round in design as illustrated in figure 94. The
complete burner can be mounted either in the front
or rear of the combustion chamber of the heating
unit. Both gas or oil burners are connected with-

“unions or flexible tubing, so that the burners can. *

be removed or changed easily. All gas bumers.
regardless of the types, should be approved by the
American -6as Association and installed in ac-
cordarice with applicable standards of the National
Board of Fire Underwriters.

24-10. Liquefied Petroleum Gas. The Bunsen-
type burner used with natural gas is also the prin-
cipal gas burner used with liquefied petroleum
gases (L:P.G.). The liquefied petroleum gas:
heating units have-smaller combustion chambers,
and *he burners of these units have smaller orifjces
than do the natural gas units.~.The normal gas pres-

sure for liquefied petroleum gasts is slightly higher’

than for natural gas. The L.P.G. burners require
180 percent cutoff safety pilots. .

25. rMainiengmce of Gas Burners

25-1. Gas burners should be ingpected to note
the appearance of the gas flame. A yellow flame
indicates a poor air-fyel mixture and that carbon
is being formed as the result of incomplete combus-
tion. Such formations indicate poor flanfe adjust-

~ ment. This carbon must be kept removed, so fre-

a

~ burner assembly.

" gas valve on a heating unit is usually installed next

. trated irf
_maintains the desired pressure in the. burner as

7 N « 16

°

quent cleaning of the unit is necessary. You should
inspect the burner orifices and corréct any condi-
tion which restricts thé gas flow or changes the
direction of gas flow. Also examine the interior of
the "combustion chamber and the passages in the
heating unit for soot and carbon formation. There
should be no formation of soot when burning the
gas completely. : i
25-2. Now that you have studied the different
types of gas burners and the maintenapce of. thesé,
burners. it is logical to discuss the gas burrer feed”.
assembly.

26. Surner Feed Assembly ©

26-1. A gas burner assembly usually includes
the following units; manual gas valve, gas pressure
regulator, sotne type of automatic gas valve, pilot
light. thermocouple, relay, and limit control. A
main gas cock must be installed ghead of }he_

26-2. Standard Solenoid Valve. The manual

to the gas pressure regulator. It is used to shut off
the gas to the heating unit in case®some of the
controls, are being repaired or replaced.

26-3. Pressure Regulator. The gas pressuré
regulators used in domestic gas-heating systems are.

usually of tl'?'aphragm type. like the one illus-
f%g ¢ 95. This gas pressure regulator

long as the gas main pressure is above the desired

‘ptessure. The pressure spring holds the piston

down, off its scat when the gas pressure in the

'
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burner is low. A gas pressure above the desired
amount will force the diaphragm up. This -allows
. the piston spring to reseat the piston and stop the
gas flow until the pressure -in the burner drops.
- The regulator ig thus closed every time the burner
pressure gets ,

o ting of the regulator can be varied by tyrning the
adjusting screw located at the" top of it.

26-4 Solenoid Gas Valve. The basic princis

. ples of construction and operation applied in all

" solenoid gas valves are similar. However,’the de-

sign of each individual unit 'differs somewhat from

the others. The two most .common types of gole-
nojd gas valves are the standard solenoid valve and
the recycling solenoid valve discussed in the fol-
lowing paragraphs. ’ '

igt
ai'ove the desired amount. The set- -

11, Automatic Gas Valve -
12, Manual Pilot Valve '
13. Presgsure Regulator .
14, Main Gas Valve .
15, Safety Shut-Off~ '
16, Air Shutter .
17. Combustion Blower e .
18. Burner Door
19. Thermocouple .
20, Gas Pilot -
premi; gl;s burner.
26-5. Standard solenoid valve. The standard
solenoid gas valve shown in figure 96 is of the >
electric type. It is suitable for use with gas fur-
naces, steam a.ndvhot water boilers, conversion
‘burners, and industrial furnaces. This valve op-

. erates when g thermosfat, limit control, or other "
device closes a cirluit 10 energizé"a coil. The, * - :
energizéd coil operates a plunger, causing the valve
to open. When there is a current failure, the valve'
automatically closes, causing the gas’ pressure in -
the line to hold the valve disc upon its seat. To - '
open this valve during current failure, it is neces: %

sary to use the manual opening device at the bot-
tom of the valve.- When electric power is resumed,
you place the manual opening device in its former
positien. « B <
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Figure 94. A combination gas and oil burner.
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26-6. Recycling solenoid valve, The recycling
solenoid gas valve illustrated in figure 97 can be
used with the same heating equipment as the stand-
ard solenoid gas valve. The design of this valve dif-
fers from that of the standard solenoid gas valve
in that it is equipped with an automatic recycling
device which allows the valve to $witch to manual

! - operation during current failure. However. upon
' ¥ the resumption of the electric gurrent. this valve
aufomatically resumes control of the thermostat.

PRESSURE-
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. SCREW

\ PRESSURE -
REGULATING
SPRING -~

DIAPHRAGM

PILOT VALVE
STRAINER

SUPPLY

PRESSURE- (;{__!;

o
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- E - : .
3 : ot .

OPENING *

- stoP
, e - WASHER
h L CENTERING
DIRECTION Q‘SQ/ WASHER
GAS FLOW s PLUNGER

))
‘f’__/___ VALVE BODY
A ‘ VALVE
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5

_ DISC
=7 (A \ vave
- ”ﬂ” SEAT -
PILOT
TAPPING

BAYONET LOCK
MANUAL OPENING

: ? - PUSH-1IP-TURN

TO HOLD

Figure 96. A standard gas solenoid valve.

26-7. Diaphragm Valve. The diaphragm gas
valve illustrated in figure 98 can be used inter-
changeably with a solenoid gas valve. Its main
feature is the absence of valve noise when it is
opening or closing. In this type of diaphragm valve
the polarized relay energizes and opens the three-
way valve, allowing the gas to flow out of the upper
chamber of the unit. Reducing the pressure in the
upper chamber in this manner causes the dia-
phragm to flex upward and open the gas valve.
When the polarized relay is deenergized. the three-
way’ pilot valve allows the gas to flow into the
(upper chamber. thus increasing the pressure and
closing the gas valve. .

HOL (NG CONTACT

L
MANUAL RESET
HEWET CONTACT o

STOP WASHER
CENYERQG WASMER
PLUNGER

RESET LEVER

VALVE STEM
/

VALVE 015C
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Figure 98. A diaphragm gas valve. ’
26-8. Pilot Light. The gas pilot light in g gas;
heating unit is a small continuous-burning flame . . . :
that lights the main burner during normal opera- Figure 99. The principle of a thermocouple.
tion of the heating unit. It is located near the main
burner like the one shown in figure 93. of these conductors, A ;eries of junctiong can be
26-9. The gas flow to the pilot light is, in some  arranged to form a thermopile to.increase the
cases, supplied by a small, manually-operated gas amoynt of current produced, as shown in ﬁk{re
shutoff valve located on the main gas line above 100. ’ ' . )
the main gas valve. In other cafes, the gas can be 26-11. In the heating field, thermocouples and
supplied from the pilot tapping of a solenoid gas  thermopiles are used to produce the electrical cur-
> valve, as shown in figure 96. /In more expensive  rent used to operate such units as heating unit gas -
heating units, the gas for thef pilot jight is often  valves, relays, and-other safety devices.
supplied by a thermocouple-controllfd relay. 26-12. The thermocouple is located next to the
b 26-10. Thermocouple. A theymocouple is  pilot light of the main gas burner, as shown in
probably the simplest unit in the electrical field  figure 91. It generates the electric current which
. which is used to produce electric current by means  holds open a main gas valve, a relay, or any other
. ~of heat. It is constructed of two U-shaped con-  safety devices permitting gas to flow t- the main
Jductors of unlike metals in the form of a circuit, . burner. Immediately- after the pilot light is exten-
as shown in figure 99. Suppose that these conduc-  guished, current’ceases to flow to these safety de- .
tors were composed of copper and nickel, respec-  vices, thus causing them to shut off the gas to the
tively, and joined as shown in the figure: then two -~ heating unit. These ,safet); devices will not op- -
junctions between the mctals would cxist. If onc  erate again until the pilot light is lighted and cur- oo
of these junctions werdiheated by a flame, a weak - rent is again generated by the thermocouple. '
electric current wouldipe produced in_ the circuit 26-13. Thermocouple Contro¥ Relay. The
HOT coLp JUN?TIONS .
JUNCTIONS
o y  TO CONTROL
L - SYSTEM ,
‘E\: .
N }? ’ ~ )
)"( Y o
. i . o Figure 100. A thermopile.
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- rent energizes an -clectromagnet that will hold a

. pilot flame is burning. When the pilot flame goes

» ‘

THERMOCOUPLE . . oo
" LEAD preventing the opening of the switch or valve, The
& THESE LIMTS COUPLE LEAD closing of the valve or switch prevents the burner

ATTACHING NUT
TERMINAL STUD

v,

from filling the combustion chamber witli unburned

2 MAGNET gases. . . o ) /ﬁ/w

é ARMATURE 26-14. To relight the g)llot light, it isfiecessary

w oL woob union nur 10 Push up the reset butfon at the bottom ot: the

3 THERMOCOUPLE / GASKET relay and allow the gas to flow to the pilot lighit.
BUSHING / . . . o

J _BusHIN / VALVE SPRING Since some hea.tmg units are not eguipped with re-

! ), oot ouTLET lays, the pilot light is not automatically shut off in »

JNI20

case of gas supply failure.

26-15. The diagram illustrated in figure 102-is
an electrical switch-type relay. Itis entirely electri-
cal and can be used as a controlling unit for either
the magnetic or diaphragm gas valves. This unit
is also actuated by the electric current generated
by t+e thermocouple, and it controls the operation
of the gas valve in the magnetic and diaphragm
valves. A relay of this type must also be reset
manually ‘for normal operation.

. 26-16. Limit Control. The limit control in a-
gas burner system is a safety device. It shuts off
the gas supply when the temperature inside the
heating unit becomes excessive. The limit control

/dévice cap be adjusted to the desired setting. It

exercises direct control on the gas or diaphragm
valve. * <

MAIN® DISC

VALVE 80D’
RESET DISC

THERMOCOUPLE RESET SEATy  °

RESET BUTTON
r Al

Ficure 101, A typical thermocouple and valye
relay assenibly.

27. Bﬁmer Control Systems

27-1. Gas-fired burners can be equipped with
any number or combinatian 6f manual as well as
“autematic control devices. The’simplest control
system available for a burner is one which is
equipped with pnly one manual gas shutoff valve.
A burner with a system of this type must be ignited
when the gas shutoff valve is turned on. The use

thermocouple-operated relay, shown in-figure 101,
is a safety device used on gas-fired heating equip-
ment. The thermocouple, when placed in the gas
pilot flame, generates electricity. The-electric cur-

switch or valve in the open position as long as the

out, because of high drafts-or fuel failuré, the
electromagnet will-be deenergized, thus closing and

. RN

RESET BUTTON
ARMATURE '

OPERATING SPRING
cou

SNAP SWITCH

e ?NDICATOR .

TERMINAL BLOCK

- | — ELECTROMAGNET

o> 2l

GROMMET FOR WIRING

3

MAGNET

.

THERMOCOUPLE CONNECTOR

- N .
Figure 102, An ¢lecaric switch sy pe relay. ) -
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.
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§
-t
~

MAIN BURNER
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THERMOCOUPLE PRESSURE

REGULATING VALVE

MANIFOLD RESET

GAS VALVE BUTTON

Figure 103. An automatic gas burner control :yslem.

«

of this system is hazardous because of the escaping  if the pilot light. is cxungmshcd To relight the pi-

gas when the burner is accidentally extinguished. lot, you must® reset the reset button on the
27-2. Some bumer control systems can be pilotstat.

- equipped with the same manual gas shutoff valve .. 27-5. The burner control systems mcntloned)

as the former system but with the added feature of  are by no means the only types. used; there-afe

a pilot light. A system of this type is much more = many more, but thcre i$ no need to diScuss evcry\
convenient than the system with only the gas  type here.
shutoff valve, because the pilot light, which burns 27-6. ' Instajlation. The mstallat!op of gas
continuosuly, is used to light the main burner when  burner controls will not be discussed 'in this
the gas shutoff valve is turned on. However, this  Memorandum, because the control  units men-
system is just as hazardous as the system that does  tioned in this chapter are installed by the manu-
not use the pilot light. .. facturer .as part of the heating unit. Should
27-3. Other burner systems employ the use of  installation procedures be required, the ‘manu-
the pilot light, thermocouple, and some type of , facturer of the unit will furnish them.
automatic gas valve to control the burner. When ~ 27-7. Maintenance. ‘Gas burner conttol sys-
the pilot light in this system is extinguished, the  tems require very little attention. The maintenance
automatic gas valve shuts off the gas flow to the  that is required consists of removing and cleanmg
main burner, but not to the pilot light. However, the pilot, burner, and thermocouple. You should
the gas valve will not open until the pilot light is check the system for gas leaks by usmg a soap-
ignited again. The escaping gas from the pilot suds solution,’ and you adjust the primary air
light is assumed to be negligible and is carried  shutter of the burner, if necessary. Also tighten

" away by the flue of the heating system. This sys-  all wm‘ng/'connecuons onthe control units and
tem cannot be used with L.P. gas. . clean the electrical contacts. - :
27-4. The more expensive gas burner systems 27-8. Troubleshootmg Either directly or in-

-use a combination control affangement composed dlrcctly, the pilot light is usually the cause of most

of a pilot light. pilotstat, thermocouple, and some  inoperative gas burners. Improper posmonmg of

type of automatic gas valve, as illustrated in figure  the thermocouple or thermopile and excessive flue '

103. This system functions much like the system  ‘and chimney draft conditions account for the,‘
mentioned in the previous paragraph that does not  greater share of faultf pilot light trouibles.

Jse the pilotstat. - The pilotstat is another added 27-9. The pilot flame should be of sufficient

safety feature. Its purpose is to shut off the supply length to heat the thermocouple and ignite the

of gas to the pilot light as well as the main burner  main burner without delay. It should be a blue -

V4
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color, without a yellow tip. A yellow flame indi-
cates improper combustion, and it forms soot on
the thermocoiiple to insulate it from the heat of
the pilot light. A thermocouple must be kept
clean, and the proper amount of heat must be
supplied to it, to produce a sufficient amount of
electricity to operate either a pilotstat or a gas
valve., Excessive flue draft draws the pilot flame
away from the thermocouple. This condition
then causes improper heating of the thermo-
couple. Also, a short pilgt flame will not heat
the thermocouple sufficiently for the thermo-
couple to produce a current.

27-10.  When the thermocouple operates prop-
erly, the trouble can be in the pilotstat or gas
valve, These valves should be checked for poor
electrical connections, as well as improper opera-
tion of the energizing electrical coils. In some
cases, it is necessary to clean the valve =eats, «
plungers, and plunger tubes in the solenoid gas

’
¥
'l .

4

<
. 82

* 28, Conversion Uhiu

v

" valves. Since these valves are expensive, extreme -

care should be taken to avoid damage to the
internal mechanism.

27-11. The limit control as well as the thermo-
stat should be checked for proper operation. The.
proper attention should be given to the condition
of all wiring. You should check the main gas
valve for open position. If the fuel supply is .
suspected, you should use 2 manometer to check
th{ gas pressure, then adjust the pressure regu-
lator, if necessary. : )

The installation of conversion gas burners
is very similar to the inatallation of conversion
oil burners &overed in Chapter 5 of this Memo- -
randum. However, the installation instructions
furnished by the individual conversion gas burner

. manufacturer should be followed when making -

the installation of one of these burners.

c
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S INTRODUCTION .

)

This is the second of four subcourses on
heating. Subcourse 564 introduced you to the
subject by a discussion of such topics as
blueprints, tools, piping, electricity, and in-
sulation. This present subcourse develops
the subject further by instruction on the
theory of heat transfer, combustion, fuels,
and the operation, installation, and mainte-
nance of space heaters, furnaces, boilers,
stokers, and oil and gas burners.

The subcourse consists of five lessons and
an examination as follows:

Lesson 1. Principles of Heating.
Yy 2
3. Heatiné Unit Installation.

4. Coal-fired Furnaces and Stok-
ers. o

Fuel and Fuel Systems.

- Oil and Gas Burners and Con-
trols. Ca

Examination. -

Thirteen credit hours are allowed. You will.
not be limited as to the number of hours that
you may spend ch the subcourse, any lesson, .
or the examination:. :

Text furnished: Memorandum 565, Heat-

ing and Ventilating II (Fundamentals of

Heating).

Each of the following multiple-choice ex-
ercises has four choices with only ONE best
answer. Select the choice that you believe is
best. Check your answers with the solutions

“provided in this subcourse packet.

When you are satisfied with your under-
standing of the subject matter, complete the
examination and forward the examination
answer card to the USAES for grading. The
grade you receive on the examination is your
grade for the subcourse. '

3
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LESSON 1

PRINCIPLES OF HEATING

CREDIT HOURS _____ o _____ 2 -

Tw
! r

TEXT ASSIGNMENT _____%________'_'__'.__.Merr‘\orandum 565, chapter 1.
LESSON ‘OBJECTIVE e ,;;_To teach ypu the theovy, measurement, and
s ) ' use of(xgof transfer in producmg combus-

tion efﬂcnency

EXERCISE_S

Requirement. Solve the following multiple- -
choice exercises:

‘1., What part of the heating sys-
tem of the 14th century is used in
modern times?

. 8 furnace
. b. chimney

c. boiler '
d. burner .
\
l \ .

2. The type of heat' with which
the heating specialist deals is produced
by
a. friction
b. chemical action
c. electrical resistance

d. burning of fuels
>c

3. Although heat and temperature
have a direct relationship, the distinc-
tion between them can be indicated by *

a. @’ burning cigarette and a steam
radiator

b. a burning match and a burning
newspaper ¢

¢. aburning tree and  burning branch

a burning coal fire and a burxung'
wood fire

&

b. 150°

+

4. The measurement of heat in-
tensity in Fahrenheit or Celsius degrees
indicates
a. caloric dissipation

Ay
b. caloric intensity

< ¢ temperature

d. thermodynamics

5. The range of the Fahrenheit
thermometer between the freezing point
and the boiling point is

a. 100° e 170°
~d. 180°

" 6. A Celsius temperature of 70°

equals a Fahrenheit temperature of

a. 15.8° e 158°
b. 21.1° d. 360°

7. How many Btu's are needed to <
raise 1 pound of pure water from 32° F
to 70° F at sea level?

a. 19 : . c. 40
b. 38 d. 76

- . . / Y ’
. L1




. 8. The heat that can be measured
by a thermometer and sensed or felt is
referred to as

a. sensible c.
b. specific ~ d.- total

_ Igtent

9. Which of the following indi-

cates absolute zero?
a. 0°F c. -260° F
b. 0°C d. -460° F
10. . The transfer of heat through
_ space is
a. convection
il b.

¢. ‘radiation
. «

conduction d. combustion

11. Which of the following differ-
ences in temperature will cause the
fastest heat flow? ‘

a. room + 90° outside + 32°
b. room + 80° outside + 90°
e. room + 70°, outside + 60°

d. . room 30°, outside 40°

2

12." The name given to the point at

which a substance ignites is
4. kindling ¢. static

b. pressure ‘ d.

<

vaporizing

13. Incomplete combustion. is usu-
. glly caused by \
_ 2. increased carbon dioxide
b. too much oxygen
c. insufficient carbon monoxide

d. lack of oxygen

14. Carbon mionoxide (CO) and
carbon dioxide are gases given off dur-
ing the combustion process. The per-
centage' of these gases depends upon

the *
4

\ .,L

|

1—-2 \

‘a. 24

a. type of coal and amount of smoke

AN
b. retention of heat and increase of air

c. caloric dissipation and density of -

flue gas
d. amount of air (oxygen) mixed with
the fuel
15. Which of the following would
you use to measure CO; in flue gas?

a. a smoke comparafor

-

"b. a thermometer

¢. an orsat
d. furnace peeéphol®
. 4
16. The greatest heat loss in a
heating unit occurs in the

‘a. grates . ¢. chimney

b. peephole d. -radiation
Ne— »
17. If 24 cubic feet of oxygen unite
with the fuel, how ‘many cubic feet of
nitrogen will enter the combustlon

chamber?
75
96 -

By o

b. 48 -,

18. The temperature of the flue gas
in the stack s 550° F. The flue gas con-
tains 12% carbon dioxide (CO;). What
is the percent of heat loss when burmng
semibituminous coal ?

a. 10.6 c.
b. 11.8

17.00
d. 18.00

19. The flue gas in the stack is 550°
F and the fuel gas contains 10% CO..
You lower. the stack temperature to
350° F and raise the CO; to 14%. How
many pounds of coal per ton would this
save? (A ton is equal to 2240 pounds)

a. 150 c. 250
b. 226 d. 300




.
' 20, What percent of heat loss is _, & 2t03 . e. 15 to 12 ' qZ-

4

v caused by smoke? ) b. 5to8 d. 25 to 50
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LESSON 2 -

& “

‘FUEL AND

FUEL SYSTEMS

____________________ Memorandum 565, chapter 2.

____________________ To teach you the <haracteristics, handling,

storage, and use of solid, liquid, and gas-
eous heating fuels. -

- | EXERCISES

' 4
Requirement. Solve the following multiple-
choice exercises.

1. What type of coal is referred

to as stone coal?
a. lignite . * ¢ bituminous
b. subbituminous - d. anthrécite ,
2. What type of coal is commonly
referred te as soft coal?
‘a.’ lignite ¢. bituminous
.b. anthracite °~ d. subbituminous
3. Cl:emica.lly, -subbituminous coal |
is distinguished from HBituminous by its
a. sulphur content
N b. moisture content T y
fixed ca.rb(;n |
d. .hydrogen ratio
| 4. If there are 362,500 Btu’s in 25
. pounds of dry bituminous coal, how

many Btu's are there in 25 pounds of
dry subbituminous?

a. 36,2507, e. " 350,000
b. 337,500 d. 350,500
o
©

5. To obtain samples for inspec- .

{ tiorf from a car of coal,"you would ex-
pose .the coal to a minimum depth of

how many feet? p: 3
a. 2 c. 4
b. 3 d. 6

6 The timg to take a sa.mple of
coal is

\/ a. during loading for unloading
_ b. when it is burning
when it is in si‘:orage ‘
d. while it is in transit
7. A gross coal sa.mple should be
2 minimum of how many pounds?

a. 400 c. 800
b. 600 d. 1000

8. Your post has received‘ 1500
tons of coal. What is the minimum num-
ber of grods samples that you should
take" ) .

n .
\

a 1

b. 2

o W

e
d

8
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9. The 1mproper storage of coal
.can cause
a.” loss in weight -
b. warping of furnace gratés
e. spontaneous combustion
d. regrading if)tockpiles'

"10. Storagé~df bituminous, run-of-
mine coal should be limited to a maxi-
mum height of how many’ feet?

a. 13 c. 30~

Y

s
b, 20 d 35 '

11. What is the general size in feet
of coal stockpiles?

a. 300 x 56 c. 400 x

b. 300 x 75 d.- 400 x 75
12. You must move the stacker 80

that you can continue to stack coal in

the same pile. What is the maximum

number of feet that you could move
the stacker?() )

a. 6 e. 10
b. 8 " oA 12
\3. You find that a storage pile of
coal has developed a hotspot because of

spontaneous combustion. What action
do §ou take?

a. flood hotspot with water

b. smother with additional coal

c. remove hotspot with hand shovels
d. remove hotspot ‘with power shovel
. 14, Which of the following tem-

. peratures in a coal stockpile would in-
edicate the presence of a hotspot? -

. J5. You are unloading fuel oil from *
a fuel truck. You ground the truck and
the oil tank. You do this in order to

a. reduce fuel vapors

b. _prevent spark caused by static elec-
tricity

c. keep the oil truck in place
d. speed the unloading T

16. An oil storage tank should be
large enough to hold a supply of 011

sufﬁclent for at least \ ]

a. 3 days - e. a week
b. 4 days - , d. a month
17. You must install a fuel oil stor-

age tank on your post for a heating
plant that has been burning 500 gallons

- per day. What is the minimum number

of gallons that the storage tank should

, hold?" v
a. 1500 c. 3500
b. . 2000 d. “4000

18. You are installing an 80-foot
gas line along the ceiling of a building.
What is the fewest numbér of hangers
that you could use to hold this pipe?

a 8 § c. 12

)

b. 10 Tod 14

3

19. How many. inches lower should

a 200-foot gas pipe line be at one end

than at the other? °
2. 2 .

. b. 4 - d.

20. Which of the follpwin would

, you use to check for a gasleak?

94

a. 110°F c. 120°F a. flashlight c. gas meter
b. 115° F d. 160° F b. lighted chndle d. soapy water
™
\.
# 2—2 . |




CREDIT HOURS

~ ‘

- TEXT ASSIGNMENT e ____:Memorandu
LESSON OBJECTIVE

- LESSON 3 .
HEATING UNIT lNSTALLATION |

-

565, chdpter 3.

To teach you the types of coal, oil, and gas,

space heaters, and their installation, opera-
tion, and maintenance. : .

EXERCISES *

Requirement.- Solve the following multiple-

choice exercises.’

1. What perceht of the heat from
" a burning fireplace is lost in the gases
and smoke which go up the chimney?

a. 50 to 70 c. 70 to 80
b. 60 t6"70 ' d. 85 to 90

s

2. An efficient, modern space heat-
er utilizes what percent of the hezﬁ.t
from its fuél? :

a. 50 N ce. 75
-b. 65 d 85

B "
3. Another name for a cannon
stove is

a. magazine ¢. round =~
* b. potbelly . d. top-lift -

4. The type of space heater that is
lined with firebrick and special .flue-
brick is the
a. gas-fired e magazine
b. oilfired = d. cannon-

5. The magazine stove uses a bar-
_ometric damper in its smaeke pipe in
order to

[

,

maintain a’constant draft
b. vary draft to meet temperature

-

changes )

c. vary draft to meet changes in wind
vealocity ¢ 4

d.. increase the flow of fuel SR

6. Which of the following would
you place under a space heate_r that
you were installing on a wood floor?

a. sheet metal ¢

‘b. waterproof canvas )
¢. rubber mat ‘ o
d. plywaqod

7. Which of the following would
. you install in a coal-fired space heater
in order to increase the updraft?

‘8. wire-mesh hood
h. smokepipg damper ¥
¢. updraft blowers
d. downdraft hood

™ ’ '
8. Which of the following parts of
a cannon stove serve as the pringipal
meansg. of heat radiation? .
e N v jﬁt
N 3—1
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puiva 4

a, draw grate, round grate, baffle L a. 20 -, e. 30
‘b. barrel, top neck, top collar b. 25 d. 33
c. cover, top neck, barrel 14. You find that the grates in a
firepot, yoke, bottom coal-fired space heater are badly warped.
J -, These grates sh;a,uld be °
9. Which of the following causes . . i
clinkers to form in a coal-fired space 3. inverted c. ‘cleaned
heater? . . ‘ b. repaired d. replaced s
a. chimney soot : \ 15. The burner goes out in your cil-
b. shaking the grates S fired space heatér. The probable cause
i ¢. too much draft ' » s ; .
) ‘ ) 1 il C .
. d. too little draft a. low oil supply §
: g b. stuck needle valve —
10. Whlch. of the follow.mg is a e. dirty floct valve ) N
reason for using copper tubing when
w , installing an oil-fired space _heater? d. slag in heat exchanger
8- ehminates reaming of cut ends . 16. An oil-fired space heater ghows
"j b. is not easily bent ' high fuel consumption. Which of the

. \ following i b ? -
) _'c. high resistance to corrosion ° Joflowing is a pro able catlxse
) d._’ requires more threading than iron a. 1mp roper‘ f}xel
dirt in o1l supply line

. piping \ b.
™ e. clogged oil strainer
d

11, Al heatmg eqmpment should

-have a properl;a constructed chimney dirty float valve

of approved size. What is the minimum ’
height in feet that yqQu would make the ' 17. How many gallons of water are
- chimney? v \ produced by burning 1000 feet of na-
s a. 25 .. e 3 tural gas? o
b. 30 . \40 ' a. 12 _ c. 50
b. 25 d 75 i
12. You are mstalhng a\ 5-foot hori-
. zontal smokepipe from’ t,h? space heater . . 18. The ges pipe used to convey
to the chimney, How many inches of . natural or manufactured gas to the .
upwz;rd pifch do' you gw 15\ 8 smoke~ space; heater is ﬁually made of
pipe: \ , . . ‘
2 3 e Z} l\\i\‘; 4 A ‘a, steel vl’
b. 5 d 8\ ;1.‘ , b. black iron ° . -
n c. copper g

13. You are installing ; \\\

. space heater in a building th‘ »

' — peak of the .roofy 30 feet Ir
.ground. How many feet shoul :

- of the chimuiey be above the |

}D - -
R .
. .

d. lead ~

‘ L t
7 19. The purpose of the draft di-
verter in a gas-fired space heater is to
o i . ~
3—2 g
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Aruitoxt provided by Eic:

‘e

L3 .

increase doWndr'aft ‘

divert flue gas from chimney:

prevent excessive updraft or down-

draft .
I
divert heater room air away from
flue pipe
4
)
. S,
- .
g 5

>

-

~ 20. . Insufficient amounts of primary .
air cause the flame to burn

a.' white

b. blue
yellow

d. red

.. , , ~

7.
.
» -
L
.
e
.y
» v .\ (
)
AN .
N A
.
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.
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CREDIT HOURS _!
TEXT ASSIGNMENT,
LESSON OBJECTIVE

LESSON 4

COAL-FIRED FURNAC)ES AND STQKERS o

Memorandum 565, chapter 4.

t

\

To teach you the construction, installation,
operation, and maintenance of coal-fired
furnaces and automatic \stokers.

v

Q4.

“- . EXERCISES

Requirement. Solve the following ‘multiple-
choice exercises.

.

1. What type of warm-air furnace
is' generally used for gravily heating in
small buildings? ,

a. cast steel C.
b. sheet steel ° d.

- cast iron
2. You have installed a water pan
in a warme-air furnace. This will
a. remove moisture from the air
b. lower.the water temperature

c.. raide circumambient air tempera-
ture
d. add moisture to the air /

«

3. .Which of the following is the
n@.’m part of the steel furnace?

a. combustion chamber ;
b. heat outlet -
¢. humidifier

radiator s

4. The purpose for mstallmg ﬁlters

in warm-air furnaces is to
‘B

IN

wrought iron .

\ i -

clean the cu%xlatmg air

A

ﬁlter out. mechanical noise °

.G.

preheat the cold air

4. decrease air temperature

5. Most steel furnaces are lined
with firebrick to prevent the flames
from burning through' the thin metal
during operation. What is this installa-
tion called? ' \

¢.. damper
o x
d. humidifier

a. fire - plate

b. refractoxgr
” ’ -
6. You are in charge of a few-tem-
porary firemen who will be firing warm-
air furnaces burning anthracite coal.
What method of firing do you teach
them"

a. spreading

" b. back-to-front

¢. front-to-back

d. center-to-cone '

7. You should replace the air-
filters in a warm-alr furnace at least

- 4—1




.. spreader . c.

e

a. monthly ‘e. yearly

twice a year
L

8. Which of these stokerst creates

b. quarterly °. a

threewzones of fire in the coal bed?

underfeed

b. chain grate - d. overfesd

9. The air openings that are in
the retort of an underfeed stoker are
referred to as

*

a. venturis ‘c. air ports

b. air slots d. tuyeres

10. What 1s ‘the cépaciﬂange f
hoppers in pounds of coal?
a. 200 to 1000 ‘
b. 300 to 1500 -
375 to 2000
d. 400 to 2500 © =« ‘

11. A boiler operates very efficiently
at 135 pounds of coal per hour. What

type stok#fr would you use thh thxs :

boiler?

a. screw-feed

b. underfeed spreader -
¢. traveling-grate

d. overfeed. v

N

12. What largely determines' the

type: of stoker to be used in your heat--

ing plant" L.

a, fuel used ) '

b. number of ‘“deadplates”
number of tuyeres

d. size of retort: ‘

13. You wish to install a stoker
that will handle coal ranging in size

.from dust to one inch. Which of the

following stokers would you select?

X

" b. hopper -

. ches at sea level.

-
a. underfeed ' c. screw-feed

b. spreader d. traveling-grate

A o
14. . Why is therd a large number

of small holes in the grates used w1th
a spreader stoker? " \

a. to eliminate fine coal particles.

b. to maintaih heavy fuel bed

¢. to allow even distribution of air
d. to extract coal not burned in sus-

pension’

15. You are using a stoker that
distributes the coal over the entire
grate hy means .of a nozzle. What type
stoker are you using?..

*a. mechanical spreader
b. traveling-grate
c. ‘overfeed

d. pneumatic spreader

16. A, red, srnoky fire fed by an-

dutomatic stoker would be an indica-
tion of . ’

a. insufficient fuel
b. a normal fire

c. too much air or fuel bed too deep

d. insufficient air or too-much fuel

1

17. Prdper combustion of coal in

the firebox of a furnace or boiler de- -

pends upon the size, type, and condition
of the .

o

a. windbdx.  ‘c. chimney

d. grate

. 18. A boiler requires a’ chimney
having a cross-sectional area of 48 in-

. incheswould the cross-secbional require-

Ny G
1‘ t) "' -

ment be for this chimney at 5000 feet
above sea level"

How many square




¢

0

a. .
B 576

c.‘ 96.4
d. 100

19. What is the minimum number

o

a: .1000,

b, 5000

feet for a chimney?

of cubic*feet of air required for com-

-

- plete Gombustion of 100 pounds of coal?

a. 15 .G
b. 20 d.
1] \
N .
ﬁ -
C
- Y
i
, .
.

]

¥

“

25

30

. e” 10000
" 4. 15,000

L
A

20. ‘What is the minimum height in

e




t
- &
M .
.

-

* CREDIT HOURS
3 , TEXT ASSIGNMENT
B LESSON OBJECTIVE

'LESSON 5 :
OIL AND GAS BURNERS AND CONTROLS

2 .. - a
Memorandum; 565, chapters 5 and \Q o

To teach you the equipment, operation, -dnd
maintenance of various types of o0il and
gas burners-and their operational cantrols.

‘Requirement. Solve the following multiple-
choice exercises.

~. 1. Gun-type 'domestic oil burners
atomize the oil by oil pressure or by
low-pressure air. At how many pounds
per square %_nch (psi) is the oil pressure

- normally used?
a. 25 . 75
. b. 50 d, 100

2. The type nozzle that you select
for a gun-type high-pressure burner
furnace depends upon’the

‘a. - speed of compressors
b. number of electrodes

size of furnace or boiler

number of insulators

- 3. You are inétaﬂing an oil burner
’ that has a single-stage fuel unit. The
' fuel tank for it should be

a. underground
h. outside boiler room
e.  alongside burner

d. clevated

- lug

\

EXERCISES » ‘

4. The refractory in vertical ro-
tary burners :

a. vaporizes the oil
b. atomizes the oil
¢. protects driving parts

d. contru]g. the flames

5. The total flue area of an oil
burner chimney is 100 square inches.
What is the maximum number of square
inches of this flue area that you could

close off by means of the flue dampers?
a. 80 e 90 -

h. 85, d. 95
A\ :

6. Which of the following would
"ij;ou use to clean the nozzle in a do-
estic oil burner? ‘

a. safety solvent
soapy water
e.  wire . ; o
d. carbon mixture
7. What shupes the oil spray pal-

terty in an abr-turbine commercial oil
burner? : E




e

<a. fan housing :

h. atomizer

-
-'

.. atr inlet

=

air- butterfly valve

- 8. You are installing a conversion
oil burner in a steam boiler. There are
15 radiators with 100 squarc feet of
EDR (cquivalent direct radiation) cagh.
‘What is the size of the nozzle, in gallons
per hour, that you.will need?

L 4

a. 50 ' e. 100
h. 715 ) d. 150

~

9. For proper burner control main- -

tenance, the contact points of the in-
dividual control units should be cleaned
and all electrical contacts tightened.
How often would you do this?| -

v

a. once cach yecar c. monthly

b. scmi-annually .4 weekly

10. The pressure reading on a man-
ometer is expressed in inches of
a2, oil ¢. water or mereury
b, gas d. air

11. Which of the following gus

burners is equipped with an %lectric

motor?
a. upshot ¢. combination

h. inshot d. premix

12. Which of the following burners

would you use for firing both coal and
gas?
a. premix ¢. upshot

b. inshot d. combinution

_13. A gas burner has 100 percent
cutoff safety pilots. What type of gas
does it use?

a. propane

h. natural gas

L

A

)

¢, liquified petroleum gas
. hutane
11, A yellow flame in a gas burner

indicates '
a. absence of carbon

. A
b. poor air-fuel mixture
¢. correct air-fuel mixture ,
d. complete combustion

‘ 15. What happens to the gas sol-

cnoid valve when its supply of electric
current fails?

a. it opens

b. it closes .

¢. the valve disc is unseated
d. the ’;:oil is oneréized «

16. - Which of the following gas
valves has a device which allows manual

operation of the valve during failure of

clectric current? ‘
a. recycling solenoid

b. diaphragm |

c. thermocouple

d. thermopile

17. Which of the following valves
has as its main feature the absence of
valve noise when it is opening or clos-
ing?- '

a. diaphragm -

~ b. pilot:

¢. gas metering

d. recycling solenoid

arc used to operate
a. thermostats ¢. safety devices

b. venturi . d. transformers

18. Thermocouples and thermopiles




)

\

'19. thch of the following is the

cause of mast inoperative gas burners"

a.

b.

L4

thermostat .
pilot light .
transformer

pressure regulator

)

+20. The color of the pllot ﬂame in

a gas burner should be

a.
b.

A oe

red

“yellow -

blge, with yellow tip
blae

‘e
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@ CORRESPONDENCE COURSE OF :
& u.'s. ARMY ENGINEER SCHOOL ‘&

-~

SUBCOURSE 565-1 . . ... .......... Heating and Ventilating |1 {(Fundamentals of . '

N Heating).
LESSON 1 . .. R e e e e Principles of Heating.
: ' ) . SOLUTIONS , o (
. Each exercise has a weight of 5. All references are to Memorandum 565. . -
1. b (pars 3 and 4, col. 1, p. 1) 11. a (par 2-10)
2. d (par 1-1) 12, a (par 3-3)
3. a (par 22) . 13. d (par 4-6) -
4 ¢ (par 22) 14. d (par 4-4)
, 5. d (par 2:3) - 15. ¢ (par 6-1) (
6. « (par 244) ¢ 16. ¢ (par 7-1)
- 7. b (par 2-5) , | 17..d (par f2)
. 8 a (par 24) D 18 d (par 82) .. ..
'9. d (par 29) "19. b (par 8-3) B 7
10. ¢ (par 2-14) 20. o (par 7-1) pe

For further explanation, see Discussion.

All concerned will be careful that neither this solution nor information eonc.eniing\the :
same comes into the possession of students or prospective students who have not completed
the work to which it pertains.» , o N

EDITION 1 (NRI M2) ' ' ; 1—1

L
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DISCUSSION

.Exercise:

1. In the 13th and 14th centuries hollow stone chlmneys (b) began to be‘used 'In colonial
United States, chimneys projected through the roof or combined with the gable end walls,®
This general trend is often followed in architecture today.

) .

2. The particular form of generated heat with which the heatlng speclahst deals is

produced by burning common types of fuel (d) such as oil, coal, and gas.’

3. Although heat and {emperature have g direct relationship, there is also a distinction
between them. For example a burning match develops a much higher temperature than 3 steam
radiator (2) but the match does not give off enough heat to warm the r3om

4. Temperature (c) is the measurement of heat intensity in degrees Fahrenhelt or
N ' Celsius. ‘

@

5 The range of the Fahrenheit thermometer, between the freezmg point and the boﬂlng
point is 180° (d) (32° to 212° = 180°) as shown ﬁgure 1.-

- 6. To change a Celsms reading to Fahrenheit, multlply the Celsxus reading by 9/5 and
add 32°. ’ -
T0° x 9/5 = 126° + 32° = 158° (c). : ' o
. . _
7. One Btu is needed to change the temperature of 1 pound of water by 1° F at sea level. ' _) :

Te raise the water 38°7(70° - 32 ) would therefore, require 38 (b) Btu's.

8. The heat that can be measured by a thermometer and sensed or felt i is refgerred to as
sensible (a) heat ) :

o
A

9. Scie_ntists have arbitrarily determined that when the temperature of a substance has ~_ '
been reduced to —460° F (d) practically all the heat has been.removed and the molecules cease
to have motion. This temperature is known as absolute zero. '

10. Radiation (c) is the transfer of heat through space In this manner the earth receives
its heat from the sun. . .

.-

11. There must be a temperature difference before heat w1ll flow. The greater the dlffer-. :

ence in temperature, the faster the heat low. Choice (a,) with a difference of 58° would cause
the fastest heat flow.-

. ' -12. The kmdlmg ¢a) point of a substance is the temperature to which a substance must
be heated for it to ignite. N

13. Incomplete combustion is usually caused by the lack of otygen (d) during the burning

. process or by the improper m1x1ng of oxygen with combustible fuel.
¢ .
- 14.. Carbon monox1de {CO) and carbon dioxide (CO ) are the two gases of importance ’
j to firemen. The percentage of these given off during the combustion process depends on the v ‘:
R amount of air (oxygen) mixed with the fuel ( d) ' I

— *

1—2 ' - .’ 9113 ' 0. -‘ .




15. The most reliable measurement of the_ percentage of carbon dioxide in flue gas is
made by using a gas analyser, or orsat (¢). A typical orsat is shown in figure 3.

4

16. Heat loss occurs through the grates and through conduction, convection, and radia-
tion, but the heat loss up the chimney (c) is by far the greatest thief.

"17. For each cubic foot of oxygen that unites with the fuel, 4 cubic feet of nitrogen enter
3 the combination chamber, (24 cu ft oxygen X 4 = 96 (d) cu ft nitrogen.) o

18. The use of the heat loss scale in ﬁgure 4 shows that the heat loss would be 18 (d),
- ' percent. ° . N .
¥

19. Use figure 4
o Heat loss at 550° F and 10% CO. = 20.7 percent ’
Heat loss at 350° F and 14% CO., = 10.6 percent
a saving of E_l_ percent

2240 pounds (ton) X 10.1 = 226 (b) pounds saved

-

20. Smoke, contrary to public conception, forms only a small percentagefof the total heat
loss; not ovg\ r2to3, (a) percent.

> . ¥ e
» . . | & ‘
Q N N
Y , . )
.- \
\\
4 ’ \ .
2
3 .
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"’g‘“. CORRESPONDENCE COURSE &)F -
~U.S. ARMY. ENGINEER scuom. ub

¢

'SUBCOURSE,565-1 . .. ....... ". . ... Heating and Ventilating |1 (Fundamentals of
’ o ,Heating).
LESSONI .................... Fuels and Fuel Systems.
. SOLUTIONS

Each exercise has a weight of 5. All references are to Memorandum 565.

- 1. d (par 10-3) : d,' 11. a (par 10-26)
2. ¢ (par 10-4) - | ‘ . .12.. & (par 10-27) ©
3. b (par 10-5) 13. 'd (par 10-33)
4 b (par 10-5) | 14. d (par 10-31)
5. a (par 10-9) | 15. b (par 11-8)
6. a (par 10416) - | 16 ¢ (par119)"
7. @ (par 10-17) ) 17. ¢ '(par 11-9) )
8. b (par 10-17) - 18, o (par 128) .
©9. ¢ (par 10-22) - - 19. b (par 12-9) '
10. a ; (par 10-24) ' 20.. d (par 12-10) : ‘ S
: (, .
For further explanation, see Discussion. ¢ )
C
\
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- ) DISCUSSION \

Exercise: g

1. Anthracite (dk is the hardest grade of coal obtained. It is very dense and stonehke
in st‘ructure and has been referred to as stone coal.
) 9 -0
~~ 2. Bitwninous (c) coal is commonly referu% to as soft coal. It has a wide varlety of . ,

physical and chemlcal propertles
LY

3. Chermcally, subbltummods coal is distingnished from bituminous by ltimgh moisture
.- content (b), which ranges from 20 to 30 perf;nt '

The average Btu content of subbituminous coal is about 1000 less per pound dry than . -
dry bituminous. v
. ‘ &5 pounds dry biturninous = 362,900 Btu (given) .
O\Btu less than dry bituminous -

(b) Btu’s in 25 pounds dry
bbituminous

’

25 pounds dry subbituminous X 1900 =

: L)
5. The entire top of the carload is examined closely It is inspected at nine or more
points in three diagonal lines across the top of the car. Dig into the coal and expose it to a
minimum depth of 2 (a) feet. - SRS :

» a
~

6. The time to take the sample of coal is whlle the coal itself is in motion, that i 1s, during .
the loading or unloadmg (a)/ ‘ ’ . y

. A gross coal sample, totaling not less than 1000 (d) pounds of caal, éshould be gath-
ered in proportionate amounts from-the total number of cars to be examined,

‘8. You must take 2 (b) samples. A gross sample must not be representatlve of more
than 1000 tons; and so another gross sample must be taken to represent the additional 500 tons.
9. The méproper storage of coal can cause spontaneous combustlon (c). A typlcal stor-
age layout is shown in figure 12.
4
10. Storage of bituminous, fun-of-mine ¢oal shguld be limited to a maximum height of
13 (a) feet unless higher stockpiling is approved by the Army command concerned., :

11. Coal is generally stored Qstockpﬂes that are 300 feet long and 56 feet wide (a).

12. When the maximum height of the stackcr is reached, it should be moved a sufficient
distance to discharge the coal on the side and near the top of the stockpile. This distance should
not cheed 6 (a) feet. .

~13. Hot or burning coal should be removed from a stockplle preferably with clamshell
cranes, power shovels (d) or all metal conveyers Removing the coal with hand shovels is
dangerous. ‘&

14. If the temperature rises to about 160° F (d) within a week, there is danger of spon-
taneous ignition, and you should remove the hot spot immediately.

2—2
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N

h ) 15. A spark caused by statie electricity (b) can cause an explosion that can result i in death
or injury to you or your fellow workers. Groundmg minimizes this danger.

® 16. The storage tank should be large enodgh to hold 1 week’s3(c) supply of oil, estimated
at the maximum-rate of consumption. .

, "17. The storage tanks should be large enoﬁgh to-hold at least 1 week’s supply of oil,
\ estimated at the maximum rate of consumption. : : \

, (500 gals X 7 days 3500 gals (e)).

18. Gas pipes should be fastened and supported with hooks, straps, bands or hangers at
" intervals of not more than 8 to 10 feet.

(80 = 10 = 8 (a)).

“
™~ "19. Gas lines from the main supply to the burner should be gra;leci at least 1 inch for
' every 50 feet of pipe (200 <+ 50 = 4”.(b)) to prevent water from collecting in the lines.

20. A solution of soapy water (d) is applied with a. brush at each joint when checking
for gas leaks. A soap bubble will form at the joint if a gas leak exists.

. e . .
7
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a @ CORRESPONDENCE eQURSE OF . @ /
Nl Wl ,-

u. S. ARMY ENGINEER SCHOOL

: SUBCOUR\LE 565-1 . . .... D A Heating aﬁd hlahng Il (Fundamentals of
. . \ ‘ Heating). : .
LESSON 3 . ... .. .. ... Heahng Unit | tallahon \;
b
@ ‘ SOLUTIONS
Each exercise has a weight of 5. "All references are to Memorand
" 1. d (par 2, page 21, col 1) . ; 11. a .(par 13-4 Q\)
\ - 2 ¢ (par 13-1) 1 o 12, b (par 13-44)
7 3. «h (par 185) ' , 13. d (par 1342)
4. ¢ (par 13-10)° S 14. d (par 13-21)
5. a (par 13-12) ’ 15. a (par 13-52)
6. a (pdr 13-15) 16. a (par 13-52)
y 7. d (par 13-16) 17. . a (par 13-61)
’ 8 b (par 13-8) | _ . 18 b (par 13-59) -
9. ¢ (par 13-22) ' 19 ¢ (par 13-63)
10. ¢ (par 13-37) . . 20. ¢ (par 13-65) . )
LS R v & . . R
. . .
For further explanation, see Discussion. _
. ﬂ . ‘ri.'jl’ -
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DISCUSSION

Exercise:

1. From 85 to 90 (d) percent of the heat from a fireplace islost in the gases and smoke
which go up the chimney. The design of ﬁreplaCestis for sty'le rather than for thermal eﬁiciency

2. An eﬁicxent modern space heater utxhzes about 75 (c) percent of the heat of the fhel
burned in it. '

v

34 The cannon stove is thespace heater that is commonly known as the potbelly (b) stove
It is illustrated in figure 22. . T

4, he magazme (c) stove is made of sheet steel, and hned with ﬁrebrack and speclal
fluebrick to prevent damage to the sheet steel _by the heat.

5. The barometric damper is a weighted damper that ‘maintains- a constant draft%)(ii)
regardless of wind and temperature. It helps prevent ove'r'heating and conserves fuel.

6. Some type of insulation must be placed between the heatér and a ﬁoor made of com- -~ -

bustible materials. In some cases, this insulation is a piece of sheet metal (a) and in other
cases it is a bed of sand in a metal frame.

7. A specxally desxgned downdraft hood (d) can be mstalled when it is necessary to in-
crease updraft.

8. The top neck and top collar, to which the heater flue is attached, are supported by
the barrel. The barrel, the top neck and the top collar (b) serve as the principal means of
heat radiation.

9. oo much draft (c) will overheat the stove, causing ashes to fuse into clinkers, and
too little draft can cause the fire to go out.
S~
10. Copper tubing is often used in an oil supply system for oil-fired space heaters because
of its high resistance to corrosion (c¢) and ease of installation.

11. A good chxmney should be a-t least 25 (a) feet hxgh of approved size, and with no
sharp turns or abrupt offsets ’

¢
12. Install the smokestack with an upward pitch of not less than one inch per runnmg
foot of length {1” x § = 5” (b)). :

13. The chimney should extend at least 3 feet aboyéhe hlghest pomt of the roof or any
other structure or obstructton within 30 feet of it. (30" + 3 = 33 (d)).

. 14, If air to the grates is restrlcted by ashes, the grates' become so hot that they warp
These “burned out” grates must be replaced (d). i

15. Of the choices listed in the exercxse, only low onl supply (a) is gwen as a probable
cause in the third section of chart 1. - Q)

16. Improper fuel (a)-is a probable cause of the hxgh fuel consumptxon as shown in the
fifth section of chart 1. ,

ez .11y
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17. Approximately 12 (a) gallons of water are produced by burning 1000 cubic feet of Ny ‘
- natural gas. '
18. The gas line used to convey natural or manufactured gas to the space heater is usu-
* ally black iron (b} pipe. . S . u
19. The purpose of the draft diverter is to prevent the chimneyﬁ from producing an ex- ;
cessive updraft or downdraft (¢) condition. . ) '
A . : :
. 20. Insufficient gmounts of primary air cause the flame to burn yellyw (¢) and result in . N
sooting of the unit. SR ‘ . » A . \;
< : :
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Each exercise has a weight of 5. All references are to Memorandum 565. |
) ) y -
) 1. d (par 14-2) e 11. a (par 15-5) )
2. d (par 14-12) o 12. ¢ (par 15-3)
3. ¢ (par 14-17) . 13 b (par 15-15)
4. a (par 14-26) ' ‘ . 14. ¢ (par 15-16) '
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6. b (par 14-28) 16. d (par 15-49) '
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d (par 15-4) ' . 19. d - (par 16:3) .
10. ¢ -(par 15-6) . - . 20, a (par 167)

For further explanation, see Discussion.
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ca e . "DISCUSSION L o
- Exercxse @” : ! - T Lo
4
1. The cast iron (d) furnace ig generally used for gravxty heaﬂng in small buxldlngsrand ,
is an olderjtype than. the sheet steel furnace SRR '
) . O “ v [

_ 2. Water pans (figure 45) aré sometimes used as humxdlﬁersﬁto add moxsture to the air
oo (d) "It is thus possxble to be comfortable at lower temperatures O L\ .
3 The main part of the steel furnace is the combustlon chamber (a) around hich the -
air passes as 1t is heated by the fire on the inside. . . Lo L

» 7
- -

o » s - f .
v 4. When a blower is used one or more. filters (ﬁgure 52) aré- mstalled to clean the
cnrculatmg air (a).

5 The installation is called the refractory (b). “The firebrick ‘4fso helps absorb and -

deaden the sound of combustxon o . L L T
q ' .
6. Far uniformity.and simplicify of mstructxon, and for best results _with temporary

firemen, the back-to-front (b) method is preferable for anthracite firing. :

’
X 1*

1. You should replace the air filters at least ¥nce a year (c) When a filter becomes
dirty, it slows the flow of air and does not provxde the proper filtering. -

)
-

K4

8. When firing with an underfeed stoker (c), there are three zones whxch emst in the‘
fuel bed. are; fresh or green on the bottom coking zone in'the middle, and the incan- ]
H%mg zone at the top. , ¢ - ‘

descent g
5 9. The openxngs are usu,ally located at the top or sides of the retort. The @rs S
through these openxngs in parts of the stoker called tuyeres (d) o ) :

10. Hoppers vary in gapacxty from 375 to 2000 (c) pounds

-11. The screw-feed (a) stpker is used for small boxlers 1t is avallable for coal»-burmng
rates ranging from 100 to 200 pounds per hour. . )

12. Four basic types of automatic stokers have been developed Each type of stoker
. has its own ﬁeld or use, depending largely on the fuel used (a).

-

13. Spreader (b) coal stokers can handle coal ranging in size from coal dust to about
114} inches. ) . ‘ -

14. The grates that are used have a large number of small holes or openings whicir allow
ev eu distribution of the air (¢) necessary for maxntaxnxng a thin fue} bed. .

lo The pneumatic spreader (d) stoker is illustrated in figure 60 It distributes the coal
over the.entire gr te by means of the spreader nozzle.

H
K

- 16. A red smoky fire indicates insufficient air or too much fuel (d). Make your adJust- )
ments accordingly. 1 _ e

-

. 42 - - |
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17. The proper combustion of coal i the firebox of a furnace or boiler depends upon ‘the

gize, type, and condition of the chlmney (c) that carries away the flue glasses.

18. Generally, the cross-sectional area of chxmneys must be mcreased 49 for every 10004

feet of altitude above sea level.

5000 04 X 48 + 48 =

57.6 (b) sq in.
1000 ( b

19. The minimum number of cubic feet is 15,000 (d) because every pound of coal re-
quires from 150 to 250 cu ft of air for complete combustion.

20. Chimneys should be extended at least 3 feet above the peak of the roof and should
never be less than 15 (a) feet high, even for small stokers.

¥
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'Each exercise has a weight of 5. All references are to Memorandum 565. .

1. d (par 17-2) 11. d (par 24-T)
2. ¢ (par 17-14) 12. d (par 24-8) i
3. d (par 17-10) ) 13, ¢ (par 2410)
4. ¢ (par 17-18) ‘ 14. b (par 25-1) -
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6. a (par 17-24) ' 16. o (par 26-6) '
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8 a (par20-2) . . | 18 ¢ (par261) _
9. a (par 21-8) 19. b (par 27-8) N
10. c (par 23?3). ' 20. d (par 27-9)
R | .
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For further explanation, see Discussion.




- DISCUSSION

Exercise:

1. The oil pressure nornially used is about 100 (d) pounds per square inch (psij, but
pressure considerably higher than this is sometimes used. '

2. The high-pressure gun-type nozzle is rated in gallons per hour (gph) and the nozzle
selected depends on the size of the furnace or boiler (c). ' -

- 3. The singleﬁstage unit is best adapted where an elevated (d) tank is used and the oil
is fed by gravity to the burner. N : :

4. The burner must be installed so that the driving parts are proﬁ'.ctcd (¢) from the heat
of the flame by a hearth or refractory material at ab(zut grate level. '

5. Ilue dampers must be constructed so that not more than 80 percent of the internal
arca of the flue can be closed off, and a draft regulator is required. (100 sq in X 80¢¢ = 80
(a) sq in.)

6. It is necessary for you to remove soot and carbon deposits from the nozzle. It ig a
delicate unit and should be handled with care. Use safety solvent (a) to clean the nezzle. Com-
pressed air also can be used. )

7. The turbine-driven oil burner is designed so that part of the air is forced through the

turbine. The turbine rotates the atomizer ( b) which shapes the oil pattern.

8. “To determine the size of the nozzle for steam boiler operation, figure the amount of
radiation for each radiator, add these amounts, and divide the sum by 300.

15 x 100
{—r-«— 5 (a) h.) '
300 EP e

9. You should do the checks mentioned in the exercise once each year (a). As a genceral
rule, oil burner controls are quite trouble-frece.

10. Although the Ppressure in the manometer is referred to as inches of water or mercury
(e), it may also be expressed in ounces or pounds psi. o ‘

11. Premix (d) gas burners are equipped with an electric motor and a blower that com-

press the air and mix it with gas at the same time. )
- N '

12. Combination (d) gas and oil burners arc used for the purpose of firing these two dif-

ferent types of fuel, but not, of course, at the same time. - :

\\

The normal gas pressure fordhese L.P.G, gases is slightly higher than for natural gases,

-

13. The liquified petroleum gas (c) burners require 100 percent cutoff safety pilots,

14. A yellow flame indicates a poor air-fuel mfxture (b) and that carbon is being formed as

_ the result of incomplete eombustion.

15. When there is a eurrent failure, the solenoid valve automatically closes (b). causing.

-the gas pressure in the line to hold the valve dise upon its seat.

H—-2
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'16. 'The design of the recycling solenoid valve (a) includes an automitic recycling device
“which allows the valve to switch to manual operation during current failure. = - - '

17. The diaphragm (a) valve has as its main feature the absence of valve noise when it -
is opening or closing. ' -

are used to produce the electrical
relays, and other safety devices

18. In the heating field, tiérmocouples and thermopiles
" current used to operate such units as heating unit gas valves,

(¢).

°

19. Either directly or ihdirectly. the pilot light (b) is usually the cause of most inope?a-' v

tive gas burners.

20. The pilot flame should be 2 blue

(d) color, without a yellow tip. A yellow flame indi-
cates improper combustion. : ‘
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EXAMINATION

ARMY CORRESPONDENCE COURSE ° ENGINEER SUBCOURSE ;65-1

HEATING AND VENTILATING I}
(FUNDAMENTALS OF HEATING) -

CREDITHOURS _____ . 2
TEXTASSIGNMENTY _________ Review previous assignments., .
- . EXERCISES
Requirement. Solve the following multlple- 5. What is total heat?

choice exercises.

P a. sensible heat plus latent heat
1. One pound of water is at 40° F b. super heat less specific heat
at sea level. How many Celsius degrees . ‘ . - ‘
must the water be raised in order that & ible hea‘t plus specific heat
the water will be at the Celsius boiling d. specific heat pl}m gensible heat
point? ’
. . 6. If you hold one end of a stove
& 60 e 9.6 - poker in a flame, soon the other end
b. 755 ° d. 140 : will become too hot to hold. This trans-
; : * fer of heat is'called
2. How many Btu. are needed to " a. insulation c. convection
change 1 pound of ice to water? . ' ) '
) b. cordduction @ d. radiation
a. 100 e. 130 Lo
, 7. The- transfer of heat through
b. 120 d. 144 , mediums such as water, air, and steam _
L is called -
3. How many additional Btu are o ; .
needed to raise the water in exercise 2 Tl R radxatlon' . e. convection
to the boiling point? . \ , b. fusion d. conduction
2. 150 e 170 ° ' o
© 8. How often, at least, would you
. b, 160 d. 180 ' ingpect coal storage piles for evidence
. T of excessive heatmg or spontaneous
4. How many additional Btu are combuatxon"
needed to change the boiling water in a. once a week . :
exercise 3 to steam? - K b
: = b. every two weeks e o
s . 800 c. 900 N e. monthly - B ,
b. 875 . & 970 d. quarterly " |
EDITION I(NRI 112) - ‘. e C1
127.




9. What should be done with coal
that has been damaged by heat or fire?

a. discarded
b. aerated and used “)at once
¢. ‘mixed with undamaged coal
d. stored in different area
10. - What type of gas must be used
as fast as it is produced?
a. liquified petroleum
N )
‘b. natural
¢. manufactured
d. blast-furnace -

11. In scheduling refueling for the
U. S. Army No. 1 &pace heater, you

would keep in mind that this heater

holds how many pounds of coal?
a. 65 c. 85
-b. 70 ) d. 100
12 You must mstall a coal-fired

space heater in a room. Where in the
room do you place the heater?

a. any corner )

b, 3 from a wall

‘e. in the center

d. adjoining ehtra.nce' door

13. The smokepipe between the
space heater and the chimney should
have as few bends and joints as possible
in order to .

a. increase resistance to flow of smoke

reduée resistance to flow of smoke

b
¢. increase convection
d. reduce conduction
14. * The correct flow of air to vapor-

izing type oil burners depends pnmanly
on

b, thermocouple

@
chimney draft
grade of oil
weight of d\amper

p e TP

fuel supply tubing

15. ° The continuous action of hot
air riging in the chunney and being re-
placed by cold air drawn through the

space heater is called
a. draft " ¢. combustion
b. conversion - d. conduction

16. In troubleshooting an oil-fired
space heater, you find that the burner
smokes. Which of the following do you.
consxder a proba.ble cause?

a. low oil supply
b. dirty float valve
¢. improper fuel
d. needle valve stuck
17. Space heaters using ‘hqmﬁed :
petroleum gas must have 100 percent

shutoff thermostatic pilots. Which of
the following operates thls shutoff ?

4. nozzle assembly _. ¢ thermopile
d venturi

18.: When a radiator is added toa
cast iron coal furnace, the result is

8. -increased heat loss

. b loWex: combustion temperatures

c. decreased° heat transfer

d. ‘better heat transfer

19. You are operating a spreader-
type stoker. The flow of fuel stops.

How long can the fuel already on the
- grates keep the fire going?

~a. 1 hour - ¢. 15 minutes -

b. 30 minutes d. 5 or 6 minutes
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20. The pneumatic spreader stoker
can be used with boilers having up to

how many square feet of heating space?.

a 3000 c. 4500

b. 3500 d. 5000

21. You have a gun-type oil burner
in operation, and you hear a buzzing
sound in the oil tank. What action do
you take to correct this condition?

a. check antihum diaphragm

b. _adjusf intake port ~
c. tighten pressure regulating screw
cap

d. clean bypaés plug

22. Which of the following lists the
three indispensable parts of the gun-
type, low-pressure burner?

a. separating chamber, oil strainer,
muffler

b. pressure adjustment, cutoff valve,
" sump
¢. rotary compressor, sump, nozzle

draft tube, thrift meter, oil adjust-
ment

23. In the horizontal rotary oil
burner that is driven by an electric
motor, the oil is atomized by

a.; centripetal force:

b. centrifugal force

¢. air pressure

d. gravitational pull .-
24, A furnacehas a connecting-duct

area of 400 square inches. What size

(in gallons per- hour) burner nozzle
would you use?

12g°

?‘?F‘P

~b. premix d. inshot

b.
- ¢ 3 ounces to 4 psi
d

a. 1 - e. 4 /Z-l |

b. 2 ’ d 5
25. What is the opera.tionai gas ‘

pressure ysed in low-pressure gaa sys-

tems?

a. 1 ounce to 2 psi

2 ounces to 3 psi

4 ounces to 6 psi

26. What is the operatxonal gas
pressure, in psi, used in high-pressure
gas systems" :

a.1t010 --c.2t025
b. 2 to 20 - d. 3 to 30

~
i

27. Which of the following conveys
gas to several burner units in a low-
pressure system?

a. multiple feeder ¢. spud

b. thermopile - d. manifold
28. Gas burners that are horizontal

firing through spuds are called

a. radiant ¢. upshot

b. Bunsen . d. inshot

29. U?shot burners are

vertical

horizontal -

easily converted tb oil : ¢
umform in surface design

30. Which of the following hurners

would you use to extract the maximum
amount of heat from natural gas?

a. combination e upshot




