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EFFICIENCY IN THE USE OF OIL FUEL; A HAND-
BOOK FOR BOILER-PLANT AND LOCOMOTIVE ENGI-

NEERS.

By J. M. WADSWORTH.

INTRODUCTION.

This pamphlet is intended as a handbook of information for the man
intimately associated with the use of oil fuel. It has been compiled by
the Bureau of Mines, from its own investigations and from leading authori-
ties, in cooperation with the United States Fuel Administration. The
emergencies of the war have brought before the public with startling di-
rectness the need for greater efficiency in the utilization of our mineral
resources. As users of fuel oil have shown a lively interest in helping to
save fuel, the Bureau of Mines believes that an educational campaign to
develop methods for eliminating waste will receive their heartiest support.
Such work fostered primarily as a war measure must prove & permanent
and lasting benefit to the petroleum industry.and to the Nation.

In 1917 there were 160,000,000 barrels of fuel oil burned in the United
States. At a conservative estimate 40,000,000 barrels, or one-fourth of the
total, might have been saved by more intelligent operation of plants and by
proper firing. Therefore all users of oil fuel are urged to take steps imme-
diately to reduce their fuel consumption by carefully observing the princi-
ples stated in this pamphlet and by recognizing the value of engineering
advice in the design and operation of their plants. -

A saving, however small, contributes lmmedxately to higher eﬂiclency
and larger profit from a plant, and the aggregate saving at all plants will
add tremendously to the effectiveness of the Nation. Production and
manufacture will then be kept at a maximum and the value of the fuel oil
will be utilized increasingly.

The amount of oil produced in the United States in 1917 and the pro-
portion used and wasted in that year are shown graphically in figure 1.
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HEAT TRANSMISSION

As the major part of the oil fuel consumed is burned under boilers or stills,
a short discussion of the principles of heat transmission and boiler design
is presented here. Proper utilization of the fuel value of the oil is not poe-
gible without observance of these principles.

Most of the heat produced when oil is burned in a furnace is absorbed
immediately by the gaseous products of combustion. The heat contained
in these gases is transmitted through the combustion space and the heat-
ing surface of the boiler to the boiler water in three ways: The heat is im-
parted to the heating surface by radiation from the flame and the hot
refractory lining of the furnace, and by convection of the hot moving fur-
nace gases; and it reaches the boiler water by conduction through the
soot, the metal, and the scale of the heating surface. The heat is imparted
to the water almost entirely by convection; the water circulates through
the boiler because a unit volume of the water lying against the hot surface
becomes lighter, through expansion, than a unit volume of the colder water
farther away from this surface. Table 1 (p. 12) shows that the conduc-
tivity of water is low.

RADIATION.

Radiant heat passes through space from one body to another without the
agency of a third body or other bodies to transmit the heat. In boiler
furnaces the heat is radiated from the refractory lining and the luminous
flame through the space occupied by gases to the heating surface without
heating the gases appreciably. Were these gases not present and the com-
bustion chamber a vacuum, the quantity of heat reaching the heating sur-
face by radiation would be slightly more than that obtained in practice.
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OONVECTION.

Transfer of heat by convection implies motion in the fluid or gases re-
ceiving or giving up the heat. Ina boiler furnace molecules of the moving
furnace-gases impinge on the heating surface and impart their heat to it.
Convection thus becomes a process of continuous interchange of position
between cooled gas molecules, that is, those from the heating surface, and
hot gas molecules from the stream of furnace gases. The amount of heat
transmitted to the heating surface by convection depends directly on the
rate of interchange of the gas molecules. As is shown later, this rate of
interchange is increased by increasing the speed at which the gases of
combustion move over the heating surface.

OONDUCTION.

In the transfer of heat by conduction the heat flows directly from & hot
body to a cold body in contact with it, or from & hotter to a colder part of
‘the -same body. The quantity transmitted through a unit area of the
heating surface depends on the difference in temperature of the two bodies
and their conductivity. Substances differ in their ability to conduct heat,
as shown in Tables 1, 2, and 3, following. The metal forming the heating
surface has a high conductivity and readily transfers to the boiler water
all the heat that can be imparted to it by the convection of the hot gases.
In the boiler the heat transmitted to the heating surface is transferred
through the soot, metal, and scale to the builer water solely by conduction.
Also, the water has such heat-absorbing capacity that it will take up all the
heat conducted to it. The problem, then, of increasing the efficiency or
the capacity of & boiler is one of increasing the amount of heat imparted
to the dry side of the heating surface.

The thermal conductivity (K) of a substance is the quantity of heat
measured in British thermal units (B. t. u.) that flows in one hour through
a cube of the substance having 1-foot dimensions and 1° F. difference in
temperature between opposite faces. )
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Tables 1, 2, and 3 show rough average values for the conductivity of |

various substances:

TABLE 1.—Thermal conductivities of miscellaneous solid substances.o
Values of K are rough average values for the temperature range indicated.

Tem- Tem-
Substance. p:;:;‘:“ K. Substance. Pﬂ‘lt!::'O K.
L] 4 o
0.120
0.170 . 0.6
0.010 . 0.48
0.100 .10.28-0.5
0.022 0.3-0.44
2.400 0.75
2.900 0.5
1.720 0.27
0. 440 0.135
0.075 0.122
0.145 0.121
0. 600 0.114
0.04
7.250 0.109
0.106
3.900 0.097
0.109 0. 004
0.031 0.097
0.037 0. 094
0.046 earth. . , 0.002
1.140 Serpentlno (Cornwall)..|....." ... .07
0.064 || Strawboard 0.80
0.041 || Vulcani . 0.21
0.070 . 0.022
0. 068 0.01
0.480 Lesther (eowhlda) 0.10
0.053 || Line: 0.05
0.041 M\ll . 0.05
0.019 || Hair felt 0.03
}. goo Mineral wool 0.035

a Marks, L. 8., Mechanical englneers' handbook, 1916, p. 304. Used with the permission
of the publ!shota, McGraw-Hill
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TABLE 2.—Conductivities of insulating materials.c

Weight Temperatures, ° F.
Material, | Pefcuble
(pounds).| 32 100 200 300 400 600 800
36.0 | 0.087 | 0.007
12.5 | 0.043 | 0.046
25.0 | 0.040 | 0.046
42.5 |eavneac]ieanenn
5.0 | 0.032 | 0.035
9.1) 0.026 | 0.030
6.310.025 | 0.028
8.5 |0.022 | 0.027
verized cork 10.0 | 0.021 | 0.026
Infusorial earth (loose). 22.0 | 0.035 | 0.039
Samemixed with water
and dried..... ceeenen 36.0 l..ccouefeannnnn

o Marks, L. 8., Mechanical E eers’ Handbook, 1916, p. 305. With permission of the
publishers, McGraw-Hill Bool?f'g‘. P 5P pe

TaBLE 3.—Conductivities of liquids and gases.b

Tem- ) Tem-
Substance. e | g, Substance. - | g,
B B
0.104 || Ammonts............ 32.0 [ o.01m1
0.009 Do........... 212.0 | 0.0172
0.165 || Carbon monoxide 3.0} 0.0121
0081 | Do.....ooueno... 44.6 | 0.0123
0.078 || Carbon dioxide..... 32.0| 0.0070
0.006 DO.cveernnnnnnnn 212.0 | 0.0122
0.103 || Ethylene.. 32.0 [ 0.0006
Bl %% geyudur@éi' 20! o o775
55| 0.070 212.0 | 0.0805
77| 0.108 46.0 | 0.0156
63| 0.032 45.0 | 0.0127
52| 0.036 32.0 [ 0.0085
77| 0.088 || Do...ceeennnn.... 212.0 | 0.0122
33| 0.0126 46.0 | 0.0101
32| 0.0094 45.0 [ 0.0136

® Marks, L. 8., Mechanical Engineers’ Handbook, 1016, p.308. With permission of the pub-
lishers, MoGraw-Hill Book Co. P P

The specific heat of a substance is the ratio of the amount of heat, meas-
ured in B. t. u., required to raise or lower the temperature of 1 pound of
the substance 1° F, to the amount of heat required to raise or lower the
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temperature of 1 pound of water 1° F. at a specified temperature. Water
has a greater heat capacity than any other liquid shown in Table 4.

The British thermal unit (B. t. u)m—partoftheheatrequued to raise

the temperature of 1 pound of wswrimm 32°F. to 212° F.
The specific heats of various substances are shown in Table 4.

TABLE 4.—Specific heats of various substances.

SOLIDS.

Tem- 8 Tem- 5

e | “Boate e [PRest

°F. °F.
..................... ' 0.0851 || Glass (normal ther. 16ut)___| 66-212 | 0.1988

32-212 .0316 || Lead . 0299

: -1189
68

59 . .
32 . .
Aleohol...c..ooooniinnnns { 176 | 7604 se.wawésp gr. 1.0043) .. 64 .80
MerCury..coeeuueeeecnnnnnn 32 .3346 || Sea water sp gr.1.0463) ... 64 .903
B 1 50 . 4066 N 32 .411
.................... {59-%3 .576 B:lphurlc acid .. i 3%
S Cmmeltad. 111111 to 300 | sodgo || UPROesdd. e :
GASES.
Specific heat. Specific heat.
Tem- At Tem- t
ra- con-} ra- con-
| stant | At oon- &errg,a stant | A% con-
°F. | pres °F. | pres-
sure. volume. sure. I'volume,
0.1693 || Carbon monoxide..| 41-208 | 0.2425 | 0.1728
.1553 || Carbon dioxide....| 52-417 | .2169 .15635
.1729 || Methane........... 64-406 | .5029 - 4505
2.4141 Bhst-fumaea gas
[C50) 4 4> 9 TN 2277 |........
Flue £a8 (8pProx.).|.ccec... 2400 leceanea..

@ When one

valmuthe“mm”mdﬂeheotbrt mngaouem

ture alone is the “true’’ specific heat is given; otherwige the
mpera siven Derature given.



BOILER AND FURNACE DESIGN. 15

BOILER AND FURNACE DESIGN.

This pamphlet does not discuss the development of steam boilers. "
Certain essential requirements govern, boiler design and each type of boiler
has certain advantages, although the water-tube type undoubtedly meets
all conditions more fully than the others.

" The essential requirements are in general as follows:

(1) The heating surfaces must be arranged in such a way that the gas
passages are long and of small cross section so as to give a small hydraulic
mean depth, ‘‘the hydraulic mean depth being defined as ‘‘the quotient
of the area of the cross section of the gas stream divided by the perimeter
formed by the boiler heating surface touched by the gases.”’ @ An in-
crease of the ratio of the length of gas path to the hydraulic mean depth
of the cross section of the path increases the efficiency of the boiler, because
the hot molecules of gas will strike the heating surface oftener and will have
to travel smaller distances to reach this surface. The amount of heat given
up to this surface by a given volume of gases will therefore be greater, and
both boiler and furnace efficiency will be higher.

This ratio can be increased, either by increasing the length of the gas path,
or by reducing the hydraulic mean depth. The length of the gas path can
be increased by either increasing the length of the boiler or by placing baffles
and thus putting parts of the heating surface in series with one another.

(2) The heating surface should ‘‘see” as much of the furnace as possible
in order to increase the amount of heat imparted to it. This effect should
not be so pronounced that the heat will be radiated to the heating surface
too rapidly, for the furnace temperature would then be reduced below that
required to support combustion.

(3) The combustion space of the furnace must be so constructed that the
burning particles of fuel shall be completely consumed before they can

- touch the relatively cold boiler surface; also this space should enlarge in
the direction of the flow of the heated and expanding gases, as the capacity
of a furnace for burning oil is limited almost entirely by the furnace volume.
The furnace should be lined with refractory brick, which when very hot
radiate heat and assist the combustion of the fuel.

a Kreisinger, Henry, and Ray, W. T., The transmission of heat into steam boflers: Bull. 18,
Bureau of Mines, 1912, p. 142.



16 EFFICIENCY IN USE OF OIL FUEL.

(4) There should be dampers for controlling the air and the flow of the
. flue gases. The type of burners will determine the best position for admit-
ting the air.

(5) Uptakes and flue passages should be as free from turns as possible, in
order not to reduce the available draft from the stack.

(6) Flow of gases countercurrent to the circulation of the water in the
boiler is deeirable, as it permits the gases to leave the boiler ata tempera-
ture approaching that of the feed water as a limit. An economizer in the
flue passage accomplishes a gimilar result.

(7) The boiler should permit uniform and pogitive circulation of the
water, and the steam and water spaces should be large enough to maintain
uniform pressures and heating conditions.

(8) The hazards of making steam are reduced if the water is heated in
small bodies, and convection transfer is increased if the water circulates
through small passages. A water-tube boiler meets these conditions.

(9) Exit of steam should be so controlled as to permit only dry steam to
leave the boiler, and the evaporating surface should be of adequate size.

(10) Mud drums, or settling basins for impurities in the water, and means
of cleaning them should be provided.

(11) All parts should be easily accessible for repairs.

(12) Possibilities of unequal temperature stresses should be avoided in
design, and all parts should Be designed with a large safety factor. A coun-
tercurrent flow of gases and water establishes more uniform temperature
conditions than the ordinary arrangement.

STACK DESIGN.

Stacks for oil-burning equipment differ considerably from those for solid
fuels, as relatively slight drafts are required.

Table 5, condensed from one prepared by Weymouth,s is based on actual
test data. Centrally situated stacks, short flues, average operating effi-
ciencies, and a permissible overload of 50 per cent are assumed.

& Weymouth, C. R., Dimensions of boiler chimneys for crude oil: Trans. Am. S8oc. Mech,
Eng., vol. 34, 1912, p. 663.
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TABLE 5.—Stack sizes for oil fuel.

Height above boller-room floor, feet.
Stack
d';:" ) ) 100 120 140 100
inches.
Nominal rated boiler horsepower.
33 161 208 233 270 308 315
36 208 253 295 331 363 387
39 251 308 343 39 488 467
432 296 350 403 474 521 567
48 309 486 561 645 713 760
54 519 634 720 847 983 1,000
60 857 800 013 1,073 | 1,188 | 1,280
66 818 993 1,133 1,338 1,480 | 1,50
3 080 1,206 1,373 1,620 1,807 1,040
84 1,373 | 1,687 | 1,038 | 2,208 | 2,560 | 2,767
26 1,833 | 2,20 | 2,687 | 3,087 | 3,453 | 3,740
108 2,367 | 2,920 | 3,847 4,000 | 4,488 | 4,867
120 | 3,060 | 3,660 | 4,207 | 5040 | 5060 | 6,160

STEAM AND ITS PROPERTIES.

The temperature of steam in a boiler depends on the pressure under which
it is generated; at the atmospheric pressure of 14.7 pounds per square inch
its temperature is 212° F. If pressure higher than atmospheric is held in
the boiler, the temperature of the water and steam in it is raised to & tem-
perature that corresponds to the increased pressure.

Saturated steam is steam existing at the temperature resulting from this
pressure, with no superheat.

Superheated steam is steam that has been heated above the temperature
corresponding to its pressure.

Wet steam contains a percentage of moisture in the form of intermingled
spray. It has the same temperature as dry saturated steam of the same
pressure. The amount of water present is expressed as & percentage and
when subtracted from 100 per cent gives the quality of the steam.

The total heat of saturated steam above 32° F. can be computed by the
formula

H=1,150.3+40.3745 (t—212°)—0.000550 (t—212°)?
where ¢ is the temperature of the steam in degrees F.

The sensible heat of steam is the amount of heat required to raise the
water from 32° F. to the temperature of the steam, or is the heat of the liquid.

125880°—19—3
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The latent heat is the heat required to vaporize the water into steam at
any given pressure and is the total heat minus the sensible heat.

The specific volume of saturated steam at any preesure is the volume in
cubic feet of 1 pound of steam at that pressure.

Table 6 shows the properties of saturated steam and Table 7 those of
superheated steam.

TABLE 6.—Properties of saturated steam.s

Abso- Specific Dcnd? Latent | Heat |Internal Entropy.
lute Tem- volume,| poun " n:,'l:"' heat of | content | energy v
pres- m fcutbic pgrb liquid, ev:go- of (Bt. t.0.) E
eot per| cul ra steam, | of evap- Vapo-
pounds.| - |pound.| foot. T |Bitd| Bt u. | oration | Water. | afiy
P t v’ Vo' | # r i 1§ td /T
1 101.83 | 333. 69.8 1,034.6 | 1,104.4 | 972.9 | 0.1327 | 1.8427
2 126.15 173.5 | 0.00576 94.0 | 1,021.0 | 1,115.0 956.7 | 0.1749 | 1.7431
3 141.52 118.5 109.4 {1,012.3 | 1,121.6 946.4 .2008 | 1.6840
4 153.01 90.5|0.01107 | 120.9 | 1,005.7 | 1,126.5 | 938.6 | 0.2198 | 1.6416
5 162.28 | 73.33 ] 0.0 130.111,000.8 | 1,130.5 | 932.4 | 0.2348 | 1.6084
6 170.06 61.89 | 0.01616 137.9 995.8 | 1,133.7 927.0 | 0.2471( 1.5814
7 176.85 | 53.56 (0.01867 | 144.7 | 991.8 | 1,136.5 | 922.4 | 0.2579 5582
8 182. 47.27 1 0.02115 150.8 988.2 | 1,139.0 918.2°| 0.2673 | 1.5380
9 188,27 36[0.02361 | 156.2 | 985.0|1,141.1| 014.4| 0.2756 | 1.5202
10 193.22 38 | 0.02606 161.1 982.0 | 1,143.1 910.9 | 0.2832 | 1.5042
11 167.75 35.10 | 0.02849 165.7 979.2 | 1,144.9 907.8 | 0.2902 | 1.4895
12 201.96 32.36 | 0.03090 169.9 976.6 | 1,146.5 904.8 | 0.2007 | 1.4760
13 205.87 | 30.03 10.03330 | 173.8 | 974.3 |1,148.0 | 902.0| 0.3025 | 1.4639
14 209. 56 28.02 | 0. 03569 177.5 971.9 | 1,149.4 899.3 | 0.3081 | 1.4523
14.7 | 212.00 | 26.79 | 0.03732 | 180.0 | 970.4 | 1,150.4 | 897.6 | 0.3118 | 1.4447
15 | 2130 | 26.27(0.03806 | 181.0| 960.7|1,150.7 | 896.8 | 0.3133 | 1.4416
16 216.3 24.79 | 0.04042 184.4 967.6 | 1,152.0 894.4 | 0.3183 | 1.4311
17 219.4 23.38 | 0. 04277 187.5 965.6 | 1,153.1 892.1) 0.3220 | 1.4215
18 222. 4 22.16 | 0.04512 190.5 963.7 | 1,154.2 889.9 | 0.3273 | 1.4127
19 225.2 21.07 | 0.04746 193.4 961.8 | 1,155.2 887.8 | 0.3315 | 1.4045
20 228.0 20.08 1 0.04080 | 106.1| ©060.0]1,156.2| 885.8| 0.3355 | 1.3965
21 230.6 19.18 | 0.05213 | © 198.8 958.3 | 1,157.1 883.9 | 0.3393 | 1.3887
22 233.1 18. 0. 05445 201.3 956.7 | 1,158.0 882.0 | 0.3430 | 1.3811
23 235.5 17.62 | 0.05676 203.8 955.1 | 1,158.8 880.2 | 0.3465 | 1.3739
24 237.8 16. 0. 05907 206.1 953.5 | 1,159.6 878.5 | 0.3490 | 1.3670
25 240.1 16.30 | 0.0614 208. 4 952.0 | 1,160.4 876.8 | 0.3532 | 1.3604
26 242.2 15.72 | 0.0636 210.6 950.6 | 1,161.2 875.1 | 0.3564 | 1.3542
27 . | 244.4 15.18 | 0.0659 212.7 949.2 | 1,161.9 873.5| 0.3504 | 1.3483
28 246.4 14.67 | 0.0682 214.8 947.8 | 1,162.6 872.0 | 0.3623 | 1.3425
29 248.4 14.19 | 0.0705 216.8 946.4 | 1,163.2 870.5 | 0.3652 | 1.3367
30 250.3 13.74 | 0.0728 218.8 945.1 | 1,163.9 860.0 | 0.3680 | 1.3311
31 252. 2 13.32 | 0.0751 220. 943.8 | 1,164.5 867.6 | 0.3707 | 1.3257
32 254.1 12.93 | 0.0773 222.6 942.5 | 1,165.1 868.2| 0.3733 | 1
33 255.8 12.57 | 0.0795 224.4 941.3 | 1,165.7 864.8 | 0.3750 | 1.3155
34 257.6 12.22 | 0.0818 226.2 940.1 | 1,166.3 863.4 3784 . 3107
o Condensed from Marks; L. 8., and Davis, H. N. Tables and of the thermal
properties of saturated and superheated steam, 1909; by on of publishers, Long-

mans, Green & Co. Marks, L. 8., Mechanical handbook, 1916, p. 324,
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TABLE 6.—Properties of saturated steam—Continued.
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NOTATION.

v/ =volume in cubic feet of 1 pound of liquid.

v//=volume in cubic feet of 1 pound of saturated vapor, at given tem-
perature.

¢ =specific heat of liquid.

¢/’=specific heat of eaturated vapor, at given temperature.

r =latent heat, or heat required to vaporize 1 pound of liquid at given
constant pressure and temperature.

! =r—Ap(v/—v)=internal latent heat.

A=77+7=mcipmeal of mechanical equivalent of heat.

p =abseolute pressure, pounds per square foot.
¥, ¥/=heat content of liquid and saturated vapor, respectively.
u/, w”/=internal energy of liquid and saturated vapor, respectively.
& =entropy of the liquid.
#’=entropy of saturated vapor.
T=absolute temperature, °F.

For a unit weight (1 pound) of saturated vapor the following relations
exist:

V=itr.  wW=w+l = f 49f (YTIT. =g+ (|T).

r/T=A dp/dt (v/—v’) (Clapeyron’s equation), the derivative dp/dt being
determined from the relation p=f(t) between temperature and pressure at
saturation.

For a unit weight of mixture of vapor and liquid, quality z, these relations
become t=1"+4-2r, u=u’+42zl, s=¢+(zr/T); also v=2"/+z(v’/—7’).
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TABLE 7.—Properties of superheated steam.o
[t=temperature in ° F; p=specific volume in cubic feet per pound; h=total heat (B. t. u.)

from water at 32° F.]
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TABLE 7.—Properties of superheated steam—Continued.
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TABLE 7.—Properties of superheated steam—Continued.
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TABLE 7.—Properties of superheated steam—Continued.
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OIL FUEL AND ITS PROPERTIES.
The greater proportion of the oil fuel now burned is known as reduced
crude or residuum. Formerly crude petroleum was burned but as t'h.ls has
a low flash point and is unsafe to handle, because of its containing the more

raising the flash

derable water, its use has

The present practice is to remove the lighter

alns CONsI

hydrocarbons and the water by partial distillation, thus

volatile hydrocarbons, and as it cont:
been largely abandoned.
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point, recovering the valuable light products, and reducing the water con-
tent to an allowable percentage. In addition to oil fuel derived as residuum
from topping heavy crude oils—largely from California, Texas, and parts of
Oklahoma—the mid-Continent and the eastern fields supply an oil fuel
derived from more complete refining operations which has very different
characteristics from oil fuel from residuum. It comprisee the pressure tar
from cracking stills—gas oil—and certain fractions from lubricating and
cylinder stocks. In general it is of such viscosity as to require little or no
heating for proper burning.

Fuel oil in this country is purchased by volume and not by weight. Table
9 shows that a barrel of reduced crude has a higher calorific value than a
barrel of lighter crude. This fact should be remembered by users of oil fuel
because in buying fuel calorific value is sought. The table can be used for
making approximate calculations of the relative amount of heat to be had
from coal, oil, and gas.

The calorific value of a fuel oil is determined in the laboratory by means
of a calorimeter. In this apparatus a weighed quantity of fuel is burned
in a steel bomb in the presence of oxygen under about 25-atmosphere press-
ure or with chemically pure sodium peroxide. The heat is absorbed by
a known quantity of water surrounding the bomb and the rise in temperature
of the water is, with certain corrections, a measure of the amount of heat
generated.

The flash point of an oil is the temperature at which it begins to give
off appreciable quantities of inflammable vapors. It is determined by
heating the oil in a suitable device and testing with a lighted taper or spark. -
There are two types of flash testers—the open-cup and the closed-cup—and
various makes of both types aré on the. market. Among the open-cup may
be mentioned the Tagliabue and the Clevland. The most common closed-
cup testers are the New York State, the Pensky-Martens, and the Abel.

The closed-cup testers give more reliable results because they permit
better control of conditions, such as rate of heating, uniformity of mixing,
and exclusion of drafts. Results obtained with closed-cup testers are always
lower than those with open cups because the vapors are concentrated.

The instrument illustrated in figure 2 is the Pensky-Martens closed-cup
tester.
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|

F1GURE 2.—Pensky-Martens closed-cup tester. a, oil cup; b, air jacket; ¢, stirrer shaft
d, stirrer; e, brass mantle; f, graduation mark; g, shutter control; A, pilot light; 4, ther-
mometer; j, flash flame; k, flame adjuster,
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FIGURE 3.—An Engler viscosimeter. a, a, thermometers; b, b, wooden handies; ¢ cor

denser; d, d, asbestos. -
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The fire point is the temperature at which the vapors given off are suf-
ficient in volume to remain ignited after flashing; it is determined with the
open-cup flash-point apparatus.

3
S 88&82 &8
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ENGLER VISCOSITY
TmE ErrLuXx, ENGLER, IN SECONDS—5I.
-]

REDWOOD VISCOSITIES, SECONDS

-

STANDARD SAYBOLT UNIVERSAL VISCOSITY, SECONDS

FIGURE 4.—Viscosity curves for converting Saybolt to Engler values, and Saybolt to Red-
wood values, at any constant temperature. @, Saybolt-Engler; b, S8ayholt-Redwood.
Based on Tables 9 and 10, Technologic Paper 110, U. 8. Bureau of Standards.

Viscosi*y of an oil is the measure of the internal friction of the liquid or
its resistance to flow. It is generally stated as the time in seconds required
for a given quantity of the oil in question to flow through a small orifice,
at stated temperature or a ratio of the time of flow of the oil in question to
the time of flow of water or some oil as standard at stated temperature. The
instrument illustrated in figure 3 is the Engler viscosimeter. With this
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instrument the time of outflow is taken in seconds by a stop watch and the
viscosity is reported as the quotient of the number of seconds required for
200 c. c. of the liquid to be discharged at the given temperature, divided
by the number of seconds required for 200 c. c. of water to be discharged
at 20° C. The viscosity of water at 60° F. on the Engler scale is 1.0.

AT 212° F., SECONDS
g8 g 888888688883 ¢8

TTTrrrrrrrrrrrrirrTrrerrrrrTrTTig

SAYBOLT UNIVERSAL VISCOSITIES

2828388333883 88813¢

TAGLIABUE VISCOSITY AT 212° F. -

FIGURE 5.—Viscosity curve for converting Saybolt values at 212° F. to Tagliabue viscosities
at 212° F. Calculated from formula given in 8. A. E. data sheets, vol. 2, 1918, p. 18,

Other common types of instruments sre the Redwood, Saybolt, and Tag-
liabue, so that in stating viscosity the name of the instrument used must
be given.

The curves shown in figures 4, 5, ana 6 give the relation between vis-
cosities taken by these methods for convenience in converting from one to
another. This conversion is not strictly accurate, because of conditions
being different with each instrument, but for practical purposesitis of value.
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The table is based on the assumption that 1 barrel of oil has a heating
value of 6,200,000 B. t. u., and that 1,000 cubic feet of gas has a heating
value of 1,000,000 B. t. u.

TABLE 9.—Approzimate calorific values of California crude oils.a

Weight
° Specific B.t.u. B.t.u.
Baumé. | orovity. m’ pound. barrel
10 1.0000 350 18,380 6,442,008
11 . 9029 347 18,440 6,417,868
12 . 9859 345 18, 500 6,383,970
13 19790 32 18, 560 6,370,085
14 9722 341 18,620 6,345,324
15 . 9655 338 18,680 6,323,180
18 +9580 336 18,740 6,301, 512
17 .9524 333 18, 800 6,279,576
9459 331 18, 860 6,257,371
19 . 9398 320 18,920 6,234,708
20 +9333 326 18,980 6,212,534
21 L9272 324 19,040 , 192, 850
22 .9211 322 19,100 , 173, 500
23 . 9150 320 19,160 , 153, 426
24 -9081 318 19,220 1133, 486
25 . 9032 316 19, 6,113, 485
26 .8074 314 19,340 6,083, 260
27 L8917 312 19,400 6,072,008
28 . 8861 310 19,460 6,051, 282
29 .8805 308 19, 520 6,030,118
30 18750 306 19, 580 6,008,319
31 . 8606 304 9, 640 5,900, 200
32 18842 302 19,700 5,972,646
i M | i | 5o
. , y 297
35 .8485 297 19,880 5,917,083
36 -8434 205 19,940 5,900, 645
37 .8383 203 20,000 5,884,800
38 .8333 201 20,050 5,885,026
30 .8284 200 201100 5,846, 487
40 .8235 288 20,150 5,827,179
41 .8187 286 20, 200 5,808, 308
42 . 8140 285 20,250 5,789,475
3 18092 283 20,300 5,770,275
44 . 8046 282 20,350 5,750,910
45 . 8000 280 20, 400 5,732,196

o Table from ‘Western Engineering.

DENSITY OF OIL.

The density of an oil is the mass of & unit volume of the oil and is usually
expressed in terms of pounds per cubic foot.
°—19—3
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The specific gravity of an oil is the relative mass of a given volume of the
oil as compared with the mass of the same volume of water at a definitely
stated temperature. In tables of specific gravity it is usual to show the tem-

peratures, thus specific gravity at gg; F. indicates that the specific gravity

of the oil at 606° F. is referred to water at 60° F. as unity.

The Baumé hydrometer is generally used in the United States to measure
the ‘“gravity,” really the density, of an oil, as described in a circular of
the Bureau of Standards as follows: @

‘It was first proposed and used by Antoine Baumé, a French chemist, in
1768, and from this beginning have come the different Baumé scales that
have been prepared since that time. Baumé’s directions for setting up his
scale state that for the hydrometer scale for liquids heavier than water he
used a solution of sodium chloride (common table salt) containing 15 parts
of salt and 85 parts of water by weight. He described the salt as being
very pure and dry and states that the experiments were conducted in a
cellar in which the temperature was 54.5° F.

The point to which the hydrometer sank in the 15 per cent salt solution
was marked 15°, and the point to which it sank in distilled water at the
same temperature was marked 0°. The space between these two points
was divided into 156 equal parts and divisions of the same length were
extended beyond the 15° point.

For the hydrometer for liquids lighter than water he used a 10 per '

cent salt solution for fixing the zero and distilled water for the 10° point.
The distance between these points was divided into 10 equal parts, and :

these divisions extended above the 10° point.

Other makers of Baumé hydrometers soon began to deviate from the :
procedure outlined by Baumé, partly no doubt through accident and partly

through intent, and in the course of time many different Baumé scales
came into use.

This condition led to great confusion in the use of the scale.

From a consideration of the variations that occurred it was soon evident
that some means of defining and reproducing the scale more exactly than
could be done by the simple rules given by Baumé should, if possible, be
found. This means was readily provided by assuming that a fixed relation
should exist between the Baumé scale and the specific-gravity scale at the

a United States Bureau of Standards, United States standard Baumé hydrometer scales:
Circular 69, Apr. 5, 1916, pp. 5-6.
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same temperature, and in terms of some definite unit. When this relation
is expressed in mathematical terms in the form of an equation, the Baumé
scale is fixed beyond all question of doubt. At the present time all Baumé
scales in use are based on some such an assumed relation, and the differences
existing between them arise from differences in the assumed relation or
‘modulus’ on which the various scales are based, and the standard tem-
perature at which the instruments are intended to be read.”’

The readings on the Tagilabue hydrometer, which is much used in the oil
trade, may be converted to the corresponding figures for specific gravity
by the following formula:

Specific grav1ty=i§} g+° B.

The “modulus” of 141.5 was proposed by the manufacturer when he
discovered that his Baumé hydrometers were not graduated in accordance
with the American standard Baumé scale in general use, which is based
on the ‘““modulus” 140.

The United States Bureau of Standards as a result of its investigations
has expressed the relation between the Baumé gravity and the specific
gravity for liquids lighter than water by the formula:

Specific gravity at 60°/60° F'=%B

For liquids heavier than watef,
Specific gravity at 60°/60° '=$ﬁ
Table 10 gives the gravity (° B.) with the corresponding weight per gallon
and specific gravity of oil. Tables 11 to 14 are furnished by the Bureau of

-Standards supplementary to Circular 57, “United States Standard Tables
for Petroleum Oils.”
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TABLE 10.—Degrees Baumé and corresponding specific gravities of oil, pounds

per gallon, and gallons per pound.s
Baumé ¢ Pounds Gallons_ || Baumé Specific Pounds | Gallons
'modu- ‘"’. .y at gallon. und. || (modu- vity at on. pound.
Tus 140y,] 60°/60° F. | P per po 18405, G0vjoo? ¥, | per allon. [per

10.0 1.0000 8.328 0.1201 30.5 0.8723 7.264 0.1377
10.5 . 9064 8,299 «1205 31.0 - 8696 7. 241 »1381
11.0 . 9929 8,260 . 1209 3.5 . 8669 7.218 .1386
11.8 . 9804 8.240 .1214 32,0 . 8642 . 196 +1390
12.0 . 9869 8.211 .1218 32,5 . 8618 7.178 »1304
12,5 .9825 8,182 .1222 33.0 . 8589 7.152 «1898
13.0 «9790 8,153 .1227 32,5 . 8563 7.130 +1403
13.5 .9756 8.125 .1231 34.0 . 8537 7.108 1407
14,0 .9722 8.006 .1235 34.5 .8511 7.087 <1411
14.5 .9688 8.069 .1239 35.0 .8485 7.085 1415
15.0 . 9855 8,041 . 1244 85.5 . 8459 7.044 «1420
15.5 . 9622 8.013 .1248 36.0 . 8434 7.022 +1424
16.0 .9589 7.986 .1252 36.5 . 8408 7.001 1428
16.5 .98556 7.959 .1256 37.0 . 8383 6. 980 +1433
17.0 9624 7.981 .1261 37.6 . 8868 . 960 1437
17.8 9402 7. 265 38.0 .8333 6.939 1441
18.0 . 9459 7.877 .1270 .38.5 . 8309 6. 918 <1448
:18.6 .9428 . .1274 89.0 . 8284 6. 898 +1450
19.0 . 9696 7.825 .1278 39.5 . 8260 6 877 . 1454
10.5 | . 7.799 .1 40.0 .8235 6.857 <1460
20.0 .9333 7.772 .1287 40.5 .8211 6. 837 .1463
20.5 .9302 7.747 .1291 41.0 .8187 6.817 «1467
21,0 .9272 7. 1295 41.5 .8163 . 797 1471
2.5 . 9241 7.696 .1299 42.0 .8140 6.777 «1476
22.0 .9211 7.670 .1304 42.5 .8116 6.758 - 1480
22.5 .9180 7.645 .1308 43.0 .8092 6.738 «1484
23.0 9150 7.620 .1313 43.5 . 8069 6.718 . 1480
23.8 .9121 7.595 L1317 44,0 . 8046 6.699 . 1493
24,0 «9091 7.570 .1321 4.5 .8023 6.680 <1497

2.5 . 9061 7.546 .1325 45.0 . 8800 6.661 .
25.0 | . .9032 7.522 . 1330 45.5 . 7977 6.642 «1508
25.5 B 7.497 .1334 46.0 . 7955 6.623 .1510
268.0 .8074 7.473 .1338 46.5 o 604 1514
26.5 . 8946 7.449 .1342 47.0 . 7910 6. 586 .1518
27.0 .8017 7.425 .1347 47.5 . 7887 6.567 15623
27.5 . 7.402 .1351 48,0 7885 6. 548 +1827
28,0 . 8861 7.378 + 1356 48.5 .7843 6.530 +1531
28.6 . 8833 7.856 .1360 49,0 .7821 6.511 .1536
29.0 . 8805 7.332 .1364 49.5 . 7799 6.494 . 1540
29.5 8777 7.309 .1 50.0 L7778 6.476 . 1544
30.0 . 8750 7.286 .13 50.5 . 7756 6. 458 1548

a United States Bureau of Standards, Unlted States standard tables for petroleum oils,

Circular 57, Jan. 29, 1916, p. 67.
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TaBLe 11.—Temperature corrections to readings of specific gramty hydrome-
ters in American petroleum oils at various temperatures.

[Standard at 60°/60° F.}

Observed specific gravity.
Ohserved
tempera- 0.650 0. 700 0.750 0.800 0.850 0. 900 0.950
ture, “F.
Subtract from observed specific gravity
30 0.016 0.015 0.014 0.012 0.011 0.011 0.011
32 .015 .014 .013 .012 .01 .010 .010
34 014 013 .012 .011 010 010 010
36 013 012 .011 .010 009
88 012 011 010 .009 008 008 008
40 0105 0095 0090 .0080 .0075 070 0070
42 0095 0085 0080 .0070 . 0065 0065 0065
4 0085 0075 0079 .0085 . 0060 0060 0055
48 0075 0065 .0085 .0050 0050 . 0050
18 .0065 0060 0055 .0050 . 0045 0045 . 0040
50 0050 .0050 0045 .0040 . 0035 0035 0035
52 0040 . 0040 0035 .0030 .0030 0030 0030
54 0030 . 0030 0025 . 0025 .0020
56 .0020 .0020 . 0020 . 0015 . 0015 .0015 .0015
58 . 0010 .0010 .0010 . 0005 . 0005 . 0005 . 0005
Add to observed specific gravity.
60 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
62 .0010 .0010 .0010 . 0005 .0005 .0005
64 .0020 .0020 . 0015 .0015 .0015 .0015
86 .0030 .0030 . 0025 .0025 .0020 .0020
68 .0040 . 0040 .0035 .0030 . 0030 . 0030
70 0050 .0050 0045 .0040 .0040 .0085
72 0060 .0055 0050 .0045 . 0045 .0040
74 0070 . 0065 0060 . 0055 . 0050 . 0050
76 .0075 0070 . 0060 .0055
78 0090 . 0085 0080 . .0070 . 0065 . 0065
80 010 .009 .008 008 .007 .007
82 011 .010 .009 008 .008 .007
84 012 011 .0i0 009 .009 .008
86 013 012 .01 010 .009 . 009
88 014 .013 012 011 .010 .010
90| . .016 .014 .013 .012 .011 .010
92 .016 .016 .013 .012 .o11 .011
94 .017 .016 .014 .013 .012 .012
96 .018 .016 .015 .014 .013 .013
98 .019 .017 .016 .015 .014 .013

o Thistableiscalculated from the same data as Table 1, Circular 57, Bureau of Standards.
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TaABLE 11.—Temperature corrections to readings of specific gravity hydrome-
ters in American petroleum oils at various temycramra—Cona[nued.

Observed specific gravity.

Observed

tempera- 0.650 0.700 0.750 0.800 0.850 0.900 0.950

ture, °F,

Add to observed specific gravity.

100 0.020 0.018 0.017 0.0156 0.014 0.014
102 .021 .019 018 .016 .015 0156
104 .022 .020 018 .017 .018 015
106 .03 .021 019 017 .016 016
108 .04 .02 . 018 017 017
110 .025 .023 .021 019 .018 .017
112 .028 .04 .022 .020 .019 .018
114 .07 .025 .022 .020 .019 .0
116 .028 .026 .023 .021 .020 .019
118 .029 .026 .024 .021 .
120 .030 .027 .025 023 .022 .021

TABLE 12.—Temperature corrections to readings of Baumé hydrometers in
American petroleum oils at various temperatures.a

[Standard at 60° F.; modulus 140.]

Observed degrees Baumé.
Ob-
served
temper- 20.0 30.0 40.9 50.0 60.0 70.0 80.0 9C.0
ture, °F.
Add to observed degrees Baumé.
30 1.7 2.0 2.4 3.0 3.7 4.3 5.0 8.7
32 1.6 1.9 2.3 2.8 3.4 4.0 4.7 5.3
34 1.5 1.8 2.1 2.6 3.1 3.7 4.3 4.9
36 1.4 1.6 2.0 2.4 2.9 3.4 4.0 4.6
38 1.3 L5 1.8 2.2 2.6 3.1 3.6 4.2
40 1.2 1.4 1.6 2.0 2.4 2.8 3.2 3.8
42 1.1 1.2 1.5 1.8 2.2 2.5 2.9 3.4
44 .9 1.1 1.3 1.6 2.0 2.2 2.6 3.0
46 .8 .9 1.1 1.4 L7 L9 2.3 2.7
48 .7 .8 .9 1.2 1.4 1.6 2.0 2.3
50 .6 .7 .8 1.0 1.2 1.4 1.6 L9
52 .5 .6 .7 .8 1.0 1.1 1.3 1.5
54 .8 .4 .5 .6 .8 .9 1.0 1.1
56 .2 .3 .8 .4 .5 .6 .6 .7
58 .1 .1 .1 .2 .3 .3 .3 .4

o This table is calculated from the same data as Table 2, Circular 67, Bureau of Standards,



39
90.0

70.0 , 80.0

CHECPRN OPNNW HANON VH-TE OMODN WEANL 0
ST T it WY WeBB8 CECON SN~ o
OMOVWV PO CONWL POAHOD ~HHANRN WD —O 0
S Tt e NN e d WBGTEE SESNN S

ngs of Baumé hydrometers in

60.0

50.0

Observed degrees Baumé.

10.1

5.3 6.4

4.4

OIL FUEL AND ITS PROPERTIES.

ature corrections 1o readt

per
 American petroleum oils at various temperatures—Continued

TasLe 12.—Tem.

40.0

30.0

Subtract from observed degrees Baumé,

3.8

3.3

120




40 EFFICIENCY IN USE OF OIL FUEL.

TaBLE 13.—Temperature corrections to iclz‘pparmt specific gravities of petro-

leum
[Thls table gives the correction to be added to apparent vltieu of heavy petroleum
(fuol oils, lubricating otls‘ etc.), at eemperatum of 60° to 0' v&e sg-
m‘ "of tho onaat 60 /eo'tﬁ; c{: is u:umsdm%‘the me or P&nome
and is oorract at 60 ¥.l per !
Ob- Observed specific mvlty.

tem- o.aw|o.seo|o.s7o|o.sso|o.soo|o.9oo|o.olo|o.ozo|o.930|o.uo|o.oso[o.‘9oo
720 | Add to observed specific gravity to give true spectfio gravity at 60°/60° F.
0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [0.000 }o.000 [0.000 | 0. 000

¥

60 | 0.000

62| .001| .001| .001) .001 | .001 | .001| .001{ .001|.001}.0¢1|.001| .001
66| .002} .002| .002( .002] .002| .002| .002| .002|.002).002].002| .002
72| .004| .004| .004 | .004 | .004| .004| .004 | .004 | .004|.004 | .004 | .004
74| .005| .005| .005( .005| .005| .005| .005| .005|.00G|.005|.005| .005
76 | .006| .006| .006 | .006 | .006| .006| .006| .008 | .006|.008|.008| .006
82| .008| .008| .008 | .008 | .008 | .007 | .007 | .007|.007(.007|.007 | .007
86| .009| .0001 .009| .000| .009( .000| .009 | .009|.009(.0090|.0090| .009
88| .010| .010 010 | .010| .010 010 | .010 010 | .010 | .010 | .010 | .010
90| .011| .011| .o11| .011| .010| .010| .010| .610 | .010 | .010 | .010 010
92| .011 011 | .011 011 .011{ .011 011 | .011 | .011 | .011 1 .011 011
94 012 012 012 .012] .012 012 012 012 | .012 .

96| .013| .013( .013| .013| .013 | .013| .012] .012 | .012

98| .014| .013( .013} .013 | .013| .013| .013| .013 [ .013

100 014 014 014 014 | .014 014 014 | .014 | .014

106 016 016 016 | .016 | .016 016" .018 016 | .016

10| .018] .018| .018 | .018  .017 | .017| .017 | .017 | .017

15| .020] .020| .020( .020| .019 | .019| .019| .019 | .019

120 .022| .021} .021 | .021| .021{ .021| .021] .021]).021

130 .025] .025| .025 | .025| .025| .024 | .024 | .024 | .024

135 .027| .027| .026| .026| .026 | .026 | .026 | .026 | .028

140 028 | .028 | .028  .028( .028 | .028 ( .028 | .028{.028

145| .030| .030 | .030| .030| .030 | .030 | .029 | .029|.029

150 ( .032| .033| .032| .031( .031 | .031) .031| .031].031

165 | .034 | .033| .033 ( .033( .033 | .033| .033 | .033|.033

160 | .035| .035) .035( .035| .035| .035| .034 | .034].034

185 .037 ¢ .037| .037 | .037| .036( .036| .036| .036 |.036

170 .039 | .039 | .038 | .038 | .038 | .038 | .038 | .038|.038

175 .040| .040| .040| .040| .040 | .040 | .039 | .039 | .039

180 | .042 | .042 ] .042( 041 | .041 | .041 | .041 | .041 [ .041

185 .044 | 044 ] .043| .043 | .043 | .043 | .043 | .013 | .042

190 | .045| .045| .045| .045| .045| .044 | .044 | .044 | .044 |..

196 | .047 | .047 [ .047 | .047 | .046( .046| .046 | .046 | .046

20| .049| 0490 .048| .048 | .048 | .048 | .048 | .048 [ .047 |..

205| .051| .050 | .050| .060 | .050 | .050 | .049 | .049 | .049

210 | .052| .062 | .062| .061 | .051| .051 | .051| .061.061 |..

a For more complete oil tables, see Circular 57, Bureau of Standards.
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TaBLE 14.— Temperature corrections to apparent degrees Baumé of petroleum
X'
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& For more complete oil tables see Circular 57, Bureau of Standards.
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AVERAGE BPECIFIC HEAT.

All fuel oils are mixtures of many hydrocarbon compounds, each with
ita own specific heat. When the heat capacity of an oil is deeired it is the
practice to accept the average specific heat of a similar oil as determined
by experiment. Table 15 gives average values for different petroleums.

TABLE 15.—Specific heat capacities.s

8,

capacltty.
Petroleum ether at —190° C...... ... ..ot 0. 452
Petroleum etherat —100° C...........cooiiiiiiiiiiiiiiiiiann... 0. 445
Petroleum etherat 0° C..... ... .. .o i, 0.419
Kerosene, 21-88° C..ounenenneemiieaeeeeeee e, 0.511
Kerosene, 18-99° C... ittt 0. 498
Paraffin solid, —20° t0 8. ... oo e 0.377
Paraffin solid, —19° 10 20°. ... .ccoimiiiii it 0. 525
Paraffin solid, 25° 10 30°%. ... it 0. 589
Paraffin solid, 35° t040°%. . ....oi i 0. 622
Paraffin liquid, 52.4% t0 55°. .« oot 0.700

Crude oils: E:‘m‘?;’.
5 o7 0.862  0.453
Pennsylvania......ccooooiiiiiiiiiiiiii 0.810  0.500
Russia. . .ooiiiiiiiii it 0.908 0.435
California. .. coeueeeeen i ii i ciaiaiaaaaaaaaas 0.960 0.398
Bustenari..... ... ... i 0.842  0.462
Campina, 0.8 per cent paraffin................... ... 0.869  0.467
Campina, 3.2 per cent paraffin....................... 0.8564  0.467

Mabery and Goldstein ? give the following formula for calculating specific

heata:
Specific heat Xmolecular weigM_K
Number of atoms in molecule —

For the hydrocarbons of the paraffin series, C,Hj,,,,, the value of K is
2.28.

a Holde, David, The examination of hydrocarbon oils, 1915, pp. 13 and 17.
b Mabery, C. F., and Goldstein, A, H., On the specific heats and heat of vaporization ot
the paraffin and methylene hydrocarbons: Am. Chem. Jour., 1902, vol. 28, pp. 66-78.
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LATENT HEAT OF VAPORIZATION.

The latent heat of vaporization is the amount of heat required to change
the oil from a liquid to a vapor; it is called latent because any of the
present methods of measuring temperatures will not indicate its presence.
The latent heat of vaporization of oil is expressed in B. t. u. per pound of
oil and is the experimental average for the hydrocarbon compounds com-
prising the oil in question. The latent heat of vaporization of commercial
gasoline has been given as 130 B. t. u. per pound and that of gas oil as
approximately 100 B. t. u. per pound.

COEFFICIENT OF EXPANSION OF OIL.

As oil is sold in the United States by volumetric measurement the tem-
perature at which it is to be measured must be given. The standard
temperature is 60° F. With a rise in temperature the oil expands and its
volume increases. An average measure of this expansiop for California
oils is 0.0004 for each increase of 1° F.

Therefore, for measuring oils at a temperature above 60° F. where

Q=actual quantity.

Q,=measured quantity.

C=coefficient of expansion (variable for different oils) and
=temperature of Q, in ° F.

Q
Q=170(T—60)
For oils measured at a temperature below 60° F. the corrected amount is

Q
Q=1=0(T=%0)
Tables of coefficients of expansion of oil have been published in United
States Bureau of Standards Circular 57 and Technologic Paper 77.
The interrelation of these various properties of oil will be made evident
in the following discussion of burners and proper atomization of the oil for
firing.
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ATOMIZATION AND BURNERS.

The function of any burner is to atomize or finely divide the oil so
the oil particles will present the maximum of surface for contact with
air required for combustion. Usually this air is admitted around
burner, provision being made at other points in the furnace for admi
more as needed.

The proper position of air ports and the method of admitting the
are of prime importance, slight changes often having a startling eff
the fire. In general, the cooling effect of a large volume of air shoul
avoided as much as possible. Preheating the air is decidedly benefi
and various furnaces have air flues in the walls for this purpose. It
not be assumed that the heat absorbed by this air would be oth
wasted, as the cooling effect of the air increases the flow of heat through
furnace walls.

HEATING THE OIL—VISCOSITY AND FLASH POINT.

For effective atomization of heavy fuel oil the viscosity must be red
by heating. The proper viscosity can be determined experimentally;
ranges from 8° to 15° Engler. Certain oils now marketed have to be heal
above their flash point in order to attain this viscosity, consequently
hazard in handling them is increased. Inflammable vapors driven
the oil at or above the flash point are a continual menace, and such hea
should be avoided if possible. The purchaser should specify in contrac
for a supply of fuel oil that the oil will attain proper viscosity at a tem
ture below the flash point. (See Hyland curves for oil, Plate I.)

In practice there is often a tendency to overheat the oil. Hence at
tion is called to the capacity-temperature curve shown in figure 7.
capacity of the burner increases as the oil is heated to a certain tem
ture, determined by the viscosity and the expansion relation, but
further increase of temperature the capacity steadily decreases.
operator should always know the temperature to which the oil is
heated and govern the conditions according to the oil.

HEATERS.

which has a heat content that is nearly as great as live steam and at

"The oil is uéually heated by steam, and preferably by exhaust st
plants would be wasted otherwise. The immense amount of heat la

1171

7 11

e
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1n exhaust steam is so rarely utilized that the advantage of utilization
needs to be emphasized repeatedly.
TEMPERATURE OF OIL, °F.
3 8 g g g

wf

g
2

&
3

OIL USED PER HOUR, POUNDS.
@
g
T

"t _

FIGURE 7.— Temperature-capacity curve
for mechanical oil burner. Texas crude
ofl (gravity, 18° B., flash point, 240° F.)
used in & Peabody burner producing a
round flame at 200-pound pressure.

Many types of heaters are in use. The one shown in figure 8 is illus-
trated because it incorporates correct engineering principles in its design,
as has been stated under the notes on heat transmission, and in practice
has shown excellent rates of heat transfer. Many other makes of heaters

are giving good service.

F1aurE 8.—Heater for heating oil fuel by steam.
BURNERS.

Three types of burners have been developed for burning fuel oil, each
being better adapted to some conditions than others, No attempt is made
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in this paper to describe the many burners on the market. For such
descriptions the reader is referred to ‘‘The Science of Burning Fuel Oil,”
by W. N. Best, and “Oil Fuel,” by E. H. Peabody. However, the
various types are defined and their adaptability to different purposes is
explained in this paper. The burners illustrated are not selected because
of their being more efficient or having greater capacity than others of similar
type, but merely to show the principles involved.

STEAM ATOMIZING BURNERS.

Steam atomizing burners are of two types—the outside mixing and the
inside mixing. In the outside type, the steam and oil leave the burners
from separate nozzles and are mixed directly in the combustion chamber.
The burner shown in figure 9 is used rather widely on locomotives. The
steam jet is directed across the oil jet and creates a suction effect that aids
the atomization,

F1GURE 9.—Section of locomotive type of steam-jet burner. a, Steam; b, oil.

Figure 10 shows a burner of the inside type. The steam enters the mixing
chamber through a central nozzle and thus induces the flow of oil. Air
is also drawn into the chamber through a small central passage; this air
hastens combustion and the central passage facilitates the cleaning of the
burner. The outside ring of steam jets is for inducing a sufficient supply
of air and directing this where needed.

The steam atomizing burner is in general use for stationary and loco-
motive practice and excels in effectiveness of atomization. Opinions
differ in regard to the efficiency of a boiler and furnace equipped with
steam burners as compared with the efficiency with air or pressure jet
burners, but authoritative tests with all types have shown that the steam
type can give as economical results as any. Its principal advantages are
the simplicity of the necessary equipment compared with that required for

_air or pressure jet burners, and the relatively longer and less intense flame
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in the furnace. Among the many objections to it are the following: (1) In
a boiler furnace quantity rather than intensity of heat is desired, and
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F1GURE 10.—Diagram of intermixing steam-jet burner. o, Air; b, steam; ¢, liquid fuel,
steam reduces intensity but also reduces available quantity, for its heat
capacity is high and it carries a large amount of heat with it up the stack,
thus lowering the tempera‘ure possible in the furnace; (2) the quantity of
steam required makes the supply of additional water an item to be consid-
ered anywhere and one that is prohibitive in marine practice; (3) priming
in the boiler immediately affects the flame, causing it to fluctuate and
sometimes extinguishing it; (4) the burner is not as susceptible to nice
control as is always desirable; (5) the steam displaces an equal volume of
air in the combustion chamber.

AIR-JET BURNERS.

Air-jet burners are used somewhat in marine work and very largely in
metallurgical work where intense heat is desired. The effect of an air-jet

FIGURE 11.—Air-jet burner. a, Oil inlet; b, air inlet; ¢, auxiliary air inlet; d, valve spindle
for regulating oil feed; e, valve wheel; f, pinion for adjusting inner tube; g, hollow cone
around which steam passes; &, ofl cone; £, air cone; j, casing; k, pinjon for adjusting outer
tube; I, spiral guide.
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burner is an exceedingly short intense flame which has a damaging action
on ordinary furnace brickwork. A burner of this type is illustrated in
figure 11. The oil enters by pressure at e and is regulated by the spindle
valved. The supply of compressed air previously heated enters at b and ¢,
that entering at ¢ mixing with the oil spray controlled by e. The air can
be regulated at two points: One by the pinion f which moves the internal
tube over the oil nozzle, and the other by the second pinion k¥ which
adjusts the opening of the outer tube or sleeve against the casing j. The
air-jet burners are also difficult to regulate quickly and to control uniformly
and the equipment necessary is rather elaborate, including an air

compressor.
MECHANICAL BURNERS.

A mechanical burner accomplishes atomization by mechanical means,
usually by giving the oil a centrifugal throw through small slots tangentially
placed in the burner, and the parts are so arranged that the air currents assist
in breaking up the oil.

With the mechanical burner illustrated in Plate II it is possible to

regulate the fire very closely by means of the adjusting rod.

A mechanical burner has the prime advantage of permitting the returnas '

feed water to the boiler of all the steam used by the pumps and heaters; in
addition it requires considerably less steam for operating than other burners.
These considerations have made its use in marine work quite general; and
stationary plants in which feed water is an item are gradually adopting it.

Additional advantages are a wide range of capacity and simplicity of equip-

ment and operation.

The objection to burners of this type, as compared with the steam-
atomization type, is the equipment required. Also, the general conical
shape of the flame and the tendency toward blast action frequently requires
change in the furnace to insure successful use.

. COMBUSTION OF THE FUEL.

Combustion is the rapid chemicul combination of oxygen with the carbon,
hydrogen, and sulphur in the fuel, with the production of light and heat.
The principal combustibles in the oil are carbon and hydrogen, and combus-
tion is complete when each atom of the carbon unites with the maximum
quantity of oxygen, that is, when it combines with two atoms of oxygen
to form carbon dioxide (CO;). Combustion is incomplete when one atom
of carbon combines with one of oxygen to form carbon monoxide (CO).

Hydrogen unites with oxygen to form water vapor (H,0), which passes
up the stack as superheated steam. Sulphur unites with oxygen to form
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80,, principally, and this forms sulphurous acid when in solution in water.
Sulphur is generally undesirable in a fuel oil. Nitrogen in the fuel and in
the air required for combusion passes through the furnace unchanged,
taking heat up the stack. A certain temperature known as the kindling or
ignition temperature is neceesary for combustion, hence no cooling action
should be allowed in the furnace.

A definite quantity of oxygen is required for the complete combustion of
each combustible element shown in Table 17. About one-fifth of the air
by volume is oxygen and the exact amount of air required to furnish oxygen
enough for complete combusion of the fuel can be computed from an anlysis
of the fuel, as follows:

Pounds of air per pound of fuel=11.52 C+34.56(H—(—8)) +4.32 8.

Where C, H, O, and 8§ are the percentages by weight of the carbon, hydro-
gen, oxygen, and sulphur in the fuel.

For practical purposes, the quantity required theoretically averages
about 14 pounds of air to the pound of fuel oil.

In practice it is not possible to burn oil with only this exact quantity of
air, 100 to 200 per cent excess being sometimes used with a resulting great
loss of heat. With good design 25 per cent excess should be the maximum.
No evidence of heat loss from excessive air supply can be had by watching
the stack, for there will be no smoke if the carbon fully combines with
oxygen to form CO,, and the excess air is invisible. Smoke is caused by
unburned carbon particles escaping from the cumbustion chamber and
cooling below the ignition point in the tubes and uptake. Also, partly
decomposed hydrocarbons may escape unburned and be evidenced by
smoke. A stack gas just hazy, although it indicates elightly incomplete
combustion, is the safest check on operation except the definite knowl-
edge gained by an analysis of the stack gases.

The amount of air required by any furnace depends on the completeness
of the atomization obtained with the burners in use, the method of admitting
the air, the design of the furnace, and the operating conditions.

125880°—19—4
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Figure 12 shows the heat losses due to excees air in burning
conditions of operation on which these curves are based are sta
the figure.
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FLUE-GAS ANALYSIS.

Flue gas is analyzed to determine the conditions of combustion of the
fuel and to procure data for apportioning the heat losses. The relative pro-

Z ¢ /

~2

Y@
A Y

FIGURE 13.—Orsat apparatus for testing flue gases. a, Burette; b, caustic potash pipette;
¢, alkaline pyrogallol pipette; d, ¢, cuprous chloride pipettes; /, levelling bottle; g, 3-way
oock; b, U-tube; i, cock; j, rubber bag; k, tube.
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portions by volume of carbon dioxide (CO,), oxygen (O), and carbon
monoxide (CO) are determined by the analysis in the order named.

The Orsat apparatus for testing flue gases is simple and is in general use
where a portable outfit is desired. It is illustrated in figure 13 and the
following is a general description of the method of using it.

The burette a is graduated in cubic centimeters up to 100, and is sur-
rounded by a water jacket to prevent any change in temperature from
affecting the volume of the gas during analysis.

For accurate work it is advisable to use four pipettes, b, ¢, d, e, the first
containing a solution of caustic potash for absorbing carbon dioxide, the
second an alkaline solution of pyrogallol for absorbing oxygen, and the
remaining two an acid solution of cuprous chloride for absorbing carbon
monoxide. Each pipette contains a number of glass tubes, to which some
of the solution clings, thus facilitating absorption. In pipettes d and ¢
these tubes contain copper wire to strengthen the cuprous chloride solution
a8 its absorbent power becomes weakened. The rear half of each pipette
is fitted with a rubber bag, one of which is shown at j, to protect the solu-
tion from the action of the air. The solution in each pipette should be
drawn up to the mark on the capillary tube.

The gas is drawn into the burette through the U tube &, which is filled
with spun glass, or similar material, to clean the gas. To discharge any air
or gas in the apparatus, the cock g is opened to the air and the bottle fis
raised until the water in the burette reaches the 100-cubic centimeter
mark. The cock g is then turned so as to cloge the air opening and allow
gas to be drawn through &, the bottle f being lowered for this purpose. ‘The
gas is drawn into the burette to & point below the zero mark, the cock ¢
then being opened to the air and the excess gas expelled until the level of
the water in fand in a are at the zero mark. This procedure is necessary in
order to obtain the zero reading at atmospheric pressure.

The apparatus as well as all connections leading thereto should be care-
fully tested for leakage. Simple tests can be made. For example, if
after the cock g is closed the bottle f is placed on top of the frame for &
short time and again brought to the zero mark, the level of the water in a
is above the zero mark, a leak is indicated.

Before taking a final sample for analysis, the burette a should be filled
with gas and emptied once or twice, to make sure that all the apparatus is
filled with the new gas. The cock g is then closed, the cock i opened, and
the gas driven over into b by raising f. The gas is drawn back into a by
lowering fand when the solution in b has reached the mark in the capillary
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tube, the cock 4 is closed and a reading is taken on the burette, the level
of the water in the bottle f being brought to the same level as the water in a.
The operation is repeated until a constant reading is obtained, the decrease
in volume, in cubic centimeters, being the percentage of CO, in the flue
gases.

The gas is then driven over into the pipette ¢ and the apparatus manipu-
lated in a similar manner. The difference between the resulting reading
and the carbon dioxide reading gives the percentage of oxygen in the flue
gases.

The next operation is to drive the gas into the pipette d, the gas being
given a final wash in ¢, and then passed into the pipette ¢ to absorb any
hydrochloric acid fumes that may have been given off by the cuprous
chloride solution, if old; such fumes would increase the volume of the
gases and make the reading on the burette less than the true amount.

The sum of the percentages by volume of CO,, O, and CO is subtracted
from 100 and for practical purposes this difference is taken as the percentage
by volume of N.

The gas must be passed through the burettes in the order named, as the
pyrogallol solution will absorb carbon dioxide and the cuprous chloride
solution will absorb oxygen.

As the gases in the flue are under less than atmospheric pressure, they
will not of themselves flow through the pipe connecting the flue to the
apparatus. The gas may be drawn into the pipe in the way already de-
scribed, but this is tedious. A rubber bulb aspirator connected to the air
outlet of the cock g will quickly draw a new supply of gas into the pipe.
Another form of aspirator draws the gas from the flue in a constant stream,
thus insuring a fresh supply for each sample.

The analysis made by the Orsat apparatus is volumetric; if the analysis
by weight is required, it can be found from the volumetric analysis as
follows:

Multiply the percentages by volume by the molecular weight of each
gas, and divide the products by the sum of all the products; the quotients
will be the percentages by weight For most work the use of the even
values of the molccular weights insures sufficient accuracy.

The even values of the molecular weights of the gases that appea.r in an
analyeis by an Orsat are:

Carbon dioxide (CO3).cocuuteuiaiieanaaaeaaaaanannnn 44
Carbon monoxide (CO)....... e eeeeceeetaeceaaaaan 28
Oxygen (Og)-omnmemieiiiiaiaiais reeeeeaaas 32

Nitrogen (No). o .uonniii i iiitaaaas 28
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Table 16 indicates the method of converting & volumetric flue-gas
analysis into an analysis by weight.

TaBLE 16.—Conversion of a flue-gas analysis by volume to one by weight.

Anal

Volume

' ysls Analysis
by vol- | Molecular times
Gas. by weight
ume weight. | molecular
oans; . weight, | (Peroent)
536.8
Carbon dioxide COs......cccvueenennnnnn. 12.2 | 124(2X16) 836.8 [ ———=11.7
11 g
Carbon monoxide CO..........ceueen..... 4| 13+16 N3 |—
3022.8
o o 6.9 | 3x16 220.8 8 s
Xygen (Og).ceennnrnninececacnceconannns 1 . 8 |———————
ygen (Os) X WaLo
Nit N, 80.5 | 2X14 2254.0 2.0 e
n seessscensncsssasicssancnssns ), o 0 jr—————
rogen (Ny) X prov
L TN 100.0 |.eeuennnnn.. 3022.8 100.0

From the flue gas analysis the weight of air actually used for combustion
can be computed from this formula provided the percentage by weight of

C in the fuel is known:

Where N, CO,, and CO are percentages by volume in the flue gas and ¢
is the percentage by weight of carbon in the fuel.
The quantity of heat (B. t. u.) lost in the flue gases per pound of fuel i

L=0.24 W (T—1) (See figure 14).

Where W=weight in pounds of flue gases per pound of dry fuel.

T=temperature of flue gases, °F.

t=temperature of atmosphere, °F.
0.24=specific heat of flue gases.
The weight W of the flue gases per pound of dry fuel is computed from

the analysis by the formula:

o (11 C0,+8 0+7 (CO+N)
3(C0,+00)

where CO,, O, CO, and N are the percentages by volume, by analyses of
the flue gas. C is the percentage by weight of the carbon in the dry fuel.
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The quantity heat (B. t. u.) lost per pound of fuel o0il burned through
incomplete combustion of carbon and the presence of CO in the flue gas
isin B. t. u. (see figure 144) obtained by using the formula:

co
where CO and CO, are the percentages of the gases by volume in the flue
gases and C is the percentage of C by weight in the fuel.

@ From Marks, L, 8., Mechanical engineers’ handbook, 1916, p. 892, with the permission
of the publishers, McGraw-Hill Book Co.
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Loss of heat due to the utilization of a portion of the heat of the fuel in
evaporating the moisture contained in it after raising it from atmospheric
temperature to 212° F, and superheating it to the temperature of the flue
gases, in B. t. u. per pound of combustible may be calculated from the

formula:
(Loss=W [(212—t) t 970.4+0.47 (T—212)]

W=moisture per pound of combustible, in pounds.
t=temperature of boiler room in °F.
T=temperature of flue gases in °F.
The loss of heat through the superheating of moisture in the air, the loss
being expressed as B. t. u. per pound of combustible equals
0.47 M(T-t)
where M=weight of moisture introduced with the air.
=atmospheric temperature. .
T=stack temperature.

The loss due to hydrogen in the fuel, the loss being expressed as B. t. u.

per pound of combustible, equals:
9 H ( (212—t)+970.44.47 (T—212) )
where H=weight of hydrogen per pound of combustible.
T=stack temperature °F.
t=—atmospheric temperature °F.

From the above formulas it is possible to compute the distribution and
amount of the heat losses. The heat used, absorbed by the boiler, can be
computed from a knowledge of the amount of water evaporated and the
conditions under which this is done. The steam tables and short explana-
tion accompanying them on pages 17 to 26 will be of assistance in doing this.

Various recording CO, meters are in use and if occasionally checked by
an Orsat apparatus are invaluable in the proper operation of a plant. CO,
readings alone are not sufficient without these supplementary readings.

Many plants, upon the installation of meters, have begun the bonus sys-
tem of firing contingent upon a minimum CO, reading for proper operating
conditions. The flat rate is paid upon this and a bonus is awarded for
any saving obtained in operation by the fireman.

Table 17, showing the composition and calorific value of various oils, is
included for reference in connection with the various formulas. As the
table shows, the percentage of carbon and hydrogen in the oils varies
over a narrow range. For average calculations the analysis of an oil sim-
ilar to the one under consideration will suffice.

where:
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RECORDING INSTRUMENTS AND THEIR USE.

The chimney on an oil furnace has two functions—it carries away the
waste gases and creates a draft, or difference of pressure, sufficient to force
the required amount of air into the furnace, the column of hot air within
the stack being more than balanced by an equal column of cold air outside.
This pressure difference is measured by an instrument called a draft gage,
the one illustrated in figure 16 being representative. The instrument
records the pressure difference or ‘‘draft” in inches of water.

FIGURE 16,.—Draft-pressure gage,

One inch of water at 62° F.=0.0360 pound pressure per square inch.

One ounce pressure per square inch at 62° F.=1.732 inches of water.

In oil firing the only resistance this draft is required to overcome is that
of the boiler tube and uptake passages, hence it is easy to understand that
only a slight draft is necessary for ordinary conditions. Indeed, even when
a boiler is forced considerably beyond its rated capacity the present stack
sizes are probably adequate to furnish sufficient natural draft.

The use of the draft gage is essential to a true knowledge of furnace
operation. The Orsat flue-gas analysis apparatus has been described; it
should supplement some type of CO, recorder. In this way a constant
record may be obtained of plant operations. As oil fuel is easily measured
the relation between the quantity fired and the CO, readings will imme-
diately be manifest.
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RECORDING PYROMETER.

In connection with the flue-gas analysis and computation of heat losses
it is advantageous to know the temperature in the furnace and at the base
of the stack. Thermoelectric pyrometers are accurate over a wide range
of temperatures and are extensively used. They are constructed as follows:

The ends of two wires of different metals, for instance, platinum . and
platinum-rhodium, are welded together, this union being called the hot
junction; and their other ends are connected to a galvanometer of high
resistance, by which a needleis deflected over an indicator dial calibrated
accurately for different temperatures. The wires are inclosed in a pro-
tecting tube and when the end of this tube, which contains the hot
junction, is exposed to increased temperature an electromotive force is
set up through the galvanometer which deflects the needle and gives the
temperature reading directly on the dial. Many thermocouple equipments
have also a clock dial and recording pencil for making a continuous record.

In addition to pyrometers equipped with temperature dials many py-
rometers have dials reading in millivolts. Such instruments sre adapted
for use with any calibrated thermocouple and thus have the advantage
of interchangeability of elements as well asadaptability to reading tempera-
tures indicated by several differently located thermocouples.

These instruments are all essential to economy of operation and there are
few plants at which their installation would not show immediately the
substantial savings possible.

BOILER EFFICIENCY, CAPACITY AND RATING.
EFFICIENOY.

It is practically impossible to state the heat absorbing efficiency of a
boiler alone, because some losses of the heat from the fuel burned in the
furnace can not be proportioned separately to boiler and furnace. As
ordinarily stated, therefore, the boiler efficiency is usually the over-all
efficiency of both boiler and furnace and is equal to the heat absorbed by
water per pound of fuel + by heat value of pound of fuel.

Kreisenger and Ray¢ proposed a formula for true boiler efficiency which is

Heat absorbed by boiler per pound of fuel
Heat available for absorption by boiler per pound of fuel

o Kreisenger, Henry, and Ray, W.'T. The transmission of heat into steam boilers: Bull.
18, Bureau of Mines, 1912, pp. 21-22.
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This formula recognizes the fact that heat below the temperature of the
boiler is not available for absorption by the boiler and is wasted up the
stack. Also any factor tending to reduce the temperature of furnace gases
is charged to the furnace and not to the boiler.
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The chart shown in figure176 is a graphic representation of the ordinary
over-all boiler furnace efficiency for different evaporative rates.

The difference between the boiler efficiency and 100 per cent efficiency
includes the avoidable and unavoidable losses that occur in pracnce

These losses are as follows:

(1) Loss due to making steam and superheating to temperature of stack
gases the moisture in the fuel and in the air, and also the steam used in
atomizing.

(2) Loss due to water formed from burning the hydrogen in the fuel,
which must be converted into superheated steam as in (1).

(3) Loss due to heating dry flue gases to their exit temperature.

(4) Loss due to incomplete combustion of fuel.

(5) Loss due to radiation of heat from setting.

These losses, except item 5, can be computed from the formulas given
under ‘‘flue-gas analysis’’ and are generally summarized in what is known
as a heat balance, in which the total B. t. u. losses, together with theB.t.u.
absorbed by the boiler water, equal the B. t. u. content of the fuel.

o From Marks, L. 8., Mechanical engineers’ handbook, 1916, p. 897, with the permission
of the publishers, McGraw-Hill Book Co.
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66 EFFICIENCY IN USE OF OIL FUEL.

CAPACITY.

The method of stating the capacity of a boiler is misleading and somewhat
unsatisfactory. The unit expreesion for work done is the horsepower—
defined as the work done in raising 33,000 pounds 1 foot in 1 minute, or its
equivalent. The present method of rating boilers developed from an
attempt to express boiler capacity in terms of the engine horsepower their
steam would develop.

The committee of judges of boiler trials at the Centennial Exposition,
1876, in Philadelphia, determined from tests that the average requirements
then for approved types of steam engines in use required 30 pounds of
steam per horsepower-hour developed. In an attempt to state boiler
capacity in terms of engine requirements, they recommended that the
evaporation of 30 pounds of water an hour from 100° F. feed water to steam
at 70 pounds be considered as one boiler horsepower. Expressed in terms
of equivalent evaporation from and at 212° F. this relation becomes

30 poundsX1.1494=34.482 pounds,

and a boiler horsepower is now accepted as the evaporation from and at
212° F. of 34.482 pounds of water per hour.

The factor 1.1494 is known as the factor of evaporation and is calculated
by dividing the total heat above 32° F. in one pound of steam at the given
pressure minus the total heat in one pound of the feed water above 32° F.
by the latent heat of evaporation of 1 pound of steam at 212° F., which is
970.4 B. t. u. See Table 19, evaporation factors.

Expressed as a formula where I7 equals the total heat of 1 pound of steam
above 32° F. (from steam tables) and A equals the sensible heat of feed
water above 32° F. (from Table 20)

. H-h
the factor of evaporation="gz5-.

Table 20 is inserted to furnish the heat units contained in feed water of
different temperatures above 32° F. Itis of assistance in the above formula.

Boilermakers are accustomed to express boiler capacity in terms of heat-
ing surface, allowing 10 square feet to a boiler horsepower as the normal
rated capacity. In practice with proper operation it is possible to operate
a boiler at double this capacity, or better, without injury to it and with
little loss in efficiency. Indeed, the possibilities of getting increased
capacity from boilers by proper flow of the furnace gases are receiving con-
stantly increasing attention by engineers.
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TaBLE 19.—Factors of evaporation—Continued.
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TABLE 20.—B. t. u. per pound and weight per cubic foot of water between 32° and 840° F.—Continued. g
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AUXILIARY APPARATUS A8 AN AID TO FUEL SAVING.

Apart from the actual firing of the fuel, many other considerations enter
into the economic operation of a boiler plant.

FEED-WATER SOFTENERS AND TREATERS.

All natural water, except rain water, contains chemicals in solution or
suspension which may appear as solids under boiler conditions. When
by analysis such solid-forming compounds are determined in water they
may be removed or rendered harmless by some method of treatment.

Against the cost of this treatment is balanced the decreased capacity and
efficiency of the boiler when fired through scaly tubes, the depreciation of
the tubes, and also the frequency of cleaning and repairs with the necessary
shutdowns.

Scale is formed by the deposit of these compounds on the heating surface,
through their concentration in the process of evaporation, the lower power
of the water to hold them in solution at high temperatures, and the chemical
reactions produced by concentration and temperature. It may also be
formed by mud and sediment being cemented with other impurities on
the surface.

Table 21 classifies many scale-forming impurities and the various methods
of overcoming their effect.

TaBLE 21.—Approzimate classification of impurities found in feed waters,
their effect, and ordinary methods of relief.s

Impurity. m&f. Ordinary method of overcoming or relieving.
Sediment, mud, etc............ Incrustation. .| Settling tanks, ﬂltmﬁon, blowing down.
Readily soluble'salts ...... 1[0 do........ Blowing down,
Bicarbonates of lime, magnesis, |..... do........ ting feed. * Treatment by addit.lon of
etc. %g:e,t or lime and soda. Barium car-
Sulphate oflime...............|.....do........ 'l‘reatment by addition of barium carbon-
Chloride and sulphate of mag- | Corrosion..... Treatment by addition of earbomte of
nesia. soda.
7 s do........ Alkali.
Dissolved carbonic acid and |..... do........ Heating feed. Kee air from feed
oxygen. Addition of caustic or slacked lime.
GreaSe .. ccceeceenaceecncaccccas]onand do........ Filter. Iron alum ascoagulant, Neutral-
* ization by carbonate of soda. Use of best
hydrocarbon oils.
Organic matter................|..... do........ Filter. Use of co t.
Organic matter (sewage)....... Priming...... Settling tmkst . ter in connection with
_Carbonate of soda in large |..... do........ Barlum carbonate. New feed supply. If
quantities. from treatment, change.

o From Marks, L. 8., Mechanical e handbook, 1916, p. 907; with the f
the publishers, McGraw-Hill Book M s P permission of
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In general one can say that it always pays to treat & poor feed water and,
further, the treatment should be outside the boiler. Boiler compounds
should be used only when treatment plants are not feasible. Treatment
plants use different chemical reagents for precipitating the scale-forming
substance in water—soda and lime being the most common. Tannins or
other chemicals forming colloidal solutions are sometimes used.

The losses from firing through scale, and from foaming and priming caused
by impurities, although difficult to exprees in precise terms, are nevertheless
actual and quite evident upon careful observation.

FEED WATER HEATERS.

The fuel saving possible from heating feed water may be computed from
the formula:
100(¢—¢1)

Percentage of fuel savmg— Hf32—6

where ¢ equals the feed water temperature after heating, ¢! the tempera-’

ture of feed water before heating, and H is the heat content above 32° F.
per pound of steam at boiler pressure.

Table 22 following gives the percentage of fuel that can be saved by
heating feed water.

TaBLE 22.—Data for feed-water heaters.¢

Initial Steam pressure in boiler, pounds per square inch above atmosphere.
tem-
pera-
t?::d of
1
wg.;er, 0 20 40 60 80 00 | 120 | 140 | 160 | 180 | 200

32 |0.0872 | 0.0861 | 0.0855 | 0.0851 | 0.0847 (0. 0844 [0.0841 [0. 0839 [0. 0837 0. 0835 lo. 0833
40 | 0878 | .ose7| . .0856 | .0853 | . 0850 .0843 | 0841 | .

087! 0861 . 0847 | .0845 0839
50| .0886 | .0875| .0868 | .0864 | .0860 | .0857 | .0854 | .0852 | .0850 | .0848 | .0846
0804 | .0883 | .0876 | .0872 | .0867 | .0864 | .0862 0856 | .0855 | .0853
70| .0002 | .0800 | .0884 | .0879 | .0875 | .0872 | .0889 | .0867 | .0864 08¢0

. . . . . . . .0862 | .
80].0010| .0898 | .0801 | .0887 | .0883 | .0879 | .0877 | .0874 | .0872 | .0870 | . 0868

100 | .0027 | .0915 | .0008 | .0003 | .0899 | .0805 | .0802 | .0890 | .0887 | .0885 | .0883
110 | .0036 | .0923 | .0016 | .0011 | .0007 | .0903 | .0900 | .0898 | .0895 | .0803 | . 0891
120 | .0045 | .0032 | .0025| .0019 | .0915 | .0911 | .0908 | .0006 | .0003 | .0901 | . 0899
130 | .0954 | .0941 | .0934 | .0028 | .0024 | .0020 | .0017 | .0014 | .0012 | .0909 | . 0907
140 1 .0063 | .0950 ) .0943 | .0037 | .0932 | .0929 | .0025 | .0923 | .0020 | .0018 | .0916

a Table from Kent, William, Mechanical engineer’s handbook 1916, p. 907.
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TaBre 22.—Data for feed-water heaters—Continued.

Initial Steam pressure in boiler, pounds per square inch above atmosphere. .

0959 0951 0046 0041 | .0937 | .0034 | .0031 0026 | .0924
0068 0061 0955 -0846 | .0043 | .0040 | .0937 | . 0835 | . 0933
0978 0970 0064 0059 | .0955 | .0952 | .0949 | .0046 | .0044 | .0041

0973 0069 | .0065 | .0061 | .00958 | .0955 | .0953 | .0851

.1008 | .0099 { .0003 | .0088 { .0084 | .0080 | .0977 | .0974 | .0072 | . 0069

<1009 | . .0098 | .0094 | .0090 | . .0084 | .0981 | .0979
.1029 | .1019 | .1013 | .1008 | .1004 | .1000 | .0997 | .0994 | .0001 | . 0989
.1039 [ .1031 | .1024 [ .1018 | .1012 | .1010 | .1007 | . 1003 { .1001 | .0999
21050 | .1041 | .1034 | .1029 | .1024 | .1020 | .1017 | .1014 | .1011 | .1009
.1062 | .1052 | .1045 | .1040 | .1035 | .1031 | .1027 | .1025 | .1022 | .1019

An approximate rule for the conditions of ordinary practice is that a saving
of 1 per cent is made by each increase of 11° F. in the temperature of the
feed-water. This corresponds to0.0909 per cent per degree of temperaturerise.

The calculation of saving is made as follows: Boiler-pressure, 100 pounds
gage; total heat in steam above 32°=1,185 B.t.u. Feed-water, original
temperature, 60°; final temperature, 209° F. Increase in heat-units, 150.
Heat-units above 32° in feed-water of original temperature=28. Heating
units in steam above that in cold feed-water, 1,185—28=1,157. Saving
by the feed-water heater=150/1,157=12.96 per cent. The same result is
obtained by the use of the table. Increase in temperature 150° X tabular
figure 0.0864=12.96 per cent.

Exhaust steam from the main or auxiliary machinery is usually used
in both the open and closed types of heater for heating the feed water.
Economizers are sometimes used in the flue passages from a boiler for pre-
heating the feed water, and are generally constructed as a continuous coil
or are improvised from a discarded tubular boiler. Where a boiler is not
abstracting the proper proportion of heat from the combustion gases an
economizer has a proper field. Otherwise, with the good efficiencies of 75
to 80 per cent possible with oil fuel, there is small opportunity for much
gain from installing economizers. The selection of a feed-water heater
should be intrusted to an engineer who has made a study of the conditions
at the particular plant. ’
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Plate I11, A and B, shows graphically the results accomplished with feed-
water heater installations on locomotives. The distribution and recovery
of heat is shown proportionately by the width of the colored bands; it will
be noted that the recovery in the feed water is about 12.5 per cent.

The writer is indebted to Mr. C. A. Averill, of the Locomotive Feed Water
Heater Co., for the compilation of these graphic charts.

SUPERHEATERS.

In the transportation of saturated steam to the main engines all radiation
of heat from the piping has its equivalent in condensation within the line,
whereas with superheat the radiation simply causes a loss of superheat
but no condensation. In addition the conductibility of superheated steam
is less than that of saturated and the radiation losses are lower.

Within the engine cylinder, entering steam is required immediately to
supply heat to the relatively cool cylinder walls. The result with saturated
steam is a condensation loss of 20 to 30 per cent. Assume that a cer-
tain cylinder requires 1 pound of steam at a pressure of 150 pounds to fill
it to the point of cut-off. As the volume of 1 pound of steam at that pressure
is about 170 times as great as the volume of 1 pound of water, the space
occupied by the condensed water is slight as compared with that of the
steam, and an additional volume of steam practically equal to that condensed
will have to be supplied, or practically 1.25 pounds of steam will be required.

On the contrary, if the degree of superheat is sufficient, superheated
steam gives no condensation in the cylinder and every pound of steam
from the boiler does useful work in the cylinder. It is the practice to
govern the amount of superheat 80 as to obviate most of the condensation
and at the same time to avoid the difficulty of lubrication and the new or
special engine valves, steam lines, and fittings made necessary by exces-
sively high temperatures. In general the fuel saving from a superheater
placed properly will practically equal the percentage of steam saved.

The curves shown in figure 17 are graphic representations of the observed
results of aseries of runsof oil-burning locomotives, with and without super-
heaters, hauling equal train loads. It will be noted that the fuel consump-
tion of engines with superheaters is 30 to 40 per cent less than the fuel
consumption with saturated steam. '
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THE MAIN MACHINERY.

The selection of main machinery will not be treated in this pamphlet.
It is sufficient to say that steam turbogenerator units from which the power
is transmitted to the individual motors of each machine are generally recog-
nized as more economical than long steam lines to the various machines.
The transportation of the electrical power entails losses, but these are much
less than the condensation losses with steam. The turbines are usually
arranged to exhaust in a partial vacuum, by means of condensers, in order
to reduce the back pressure on the engine and thus increase the power.
With direct short lines to the condensers, the efficiency of any steam engine
can be increased by condensing the exhaust, and, further, the condensate
can be returned for boiler feed.

With existing plants the engineer can effect considerable economies by
reducing friction from improper alignment of shafts and poor or inefficient
lubrication.

Lubricants should he chosen with regard to their particular duty, and
if intended for use under high temperatures should be selected with that
in view. The viscosity should be the viscosity desired at that temperature,
and the other specifications should be congidered with regard to the tem-
perature condition.

Many opportunities exist for the recovery of lubricating oil which only
requires filtering to become suitable for use again. The recovery of lubri-
cants should be carefully watched in the industries, for frequently inex-
pensive adjustments will effect substantial savings.



NOTES ON SPECIFICATIONS FOR THE PURCHASE OF
FUEL OIL.

1. In the purchase of fuel oil by large users, all buying should be done
under competitive bids. In determining the award of a contract considera-
tion should be given to the quality of the fuel offered by the bidders, as well
a8 the price, and should it appear to the best interest of the purchaser to
award a contract at a higher price than that named in the bid or bids re-
ceived the contract should be so awarded.

2. Each bidder should be required to submit an accurate statement
regarding the fuel oil he proposes to furnish. This statement should show:

(a) The commercial name of the oil.

(b) The name or designation of the field from which the oil is obtained.

(¢) Whether the oil is a crude oil, a refinery residuum, a distillate, or a
blend.

(d) The name and location of the refinery, if the oil has been refined at all.

8. The fuel oil should be delivered f. 0. b. cars, vessels, tanks, or tank
wagons, according to the manner of shipment or delivery at such places,
at such times, and in such qua.ntmee as may be required during the fiscal
yearending ...........

3a. Minimum and maximum weekly or monthly deliveries should be
specified.

4. Should the contractor, for any reason, fail to comply with the written
order to make delivery, the purchaser is to be at liberty to buy oil in the
open market and charge against the contractor any excessive price, above
the contract price, of the fuel oil so purchased.

5. It should be understood that the fuel oil delivered during the term
of the contract shall be of the quality specified. The frequent or continued
failure of the contractor to deliver oil of the specified quality should be
considered sufficient cause for the cancellation of the contract.

ESSENTIAL PROPERTIES OF THE OIL.

6. Viscosity.—Fuel oil, as regards viscosity, may be divided into two
general classes, namely:

Class 1. Asphaltic base crudes, residuums, or other oils which require
heating facilities to reduce the viscosity in order that the oil may be handled

by the storage and burning equipment. .-
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Class 2. Oils of a sufficiently low viscosity to make heating equipment
unnecessary.

It is imperative that oils of class 2 be heated to & temperature at which
they have a viscosity of 12° Engler or lower before they reach the burner,
in order to obtain proper atomization. It is desirable that this viscosity
be obtained at a temperature below the flash point of the oil, in order to
minimize fire hazards and to insure uniform feed to the burner.

For an oil of Class 2, 12° Engler at 60° F. is the approximate maximum
viscosity permissible.

Method of determination: Viscosity should be determined with astandard
Engler instrument according to the recognized method of mampulatmg
this viscosimeter. Other standard viscosimeters may be used in special
cases and their readings converted to Engler degrees by means of recognized
tables or formulas.

7. Flash point.—In general it is desirable that the flash point of Class 1
oils should not be below 140° F., and that of Class 2 oils not below 120° F.
Tt should be noted that for Class 1 oils, specifications for flash point are con-
tingent upon viscosity requirements as well as upon general considerations
for safety requirements and evaporation losses.

Method of determination: Pensky-Martens closed-cup tester manipulated
according to standard procedure.

8. Specific gravity.—Specifications for specific gravity are superfluous.
In case oil is purchased by weight and measured by volume an accurate
determination of its specific gravity is essential.

Method of determination: By specific gravity balance, pycnometer, or
hydrometer. If conversion of Baumé readings to specific gravity is nec-
essary it is essential that the Baumé hydrometer be accurate and that the
proper modulus for this instrument be used. Specific gravities should be
reported at 60° F. compared to water at 60° F. If they are determined at
other temperatures the temperature corrections given in Bureau of Stand-
ards Circular 57 should be used.

9. Impurities.—The oil should not contain more than 2 per cent by
volume of moisture and sediment. Proper deductions should be made
from all oil deliveries for the impurities contained therein so that the oil

purchased shall be pure oil.
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Method of determination: A definite volume of the oil sample should be
thoroughly shaken or “cut” with an equal volume of gasoline of a specific
gravity not greater than 0.74, and centrifuged. =~ An appropriate tube that
goes with a special machine is commonly used for this purpose. Centri-
fuging should be continued until there is a clear line of demarcation be-
tween the water and sediment and oil in the bottom of the tube, and until a
constant reading of water and sediment is obtained. From this reading
the percentage by volume of water and sediment is computed. If the oil
under consideration has a specific gravity greater than 0.96, one volume
of oil to three volumes of gasoline should be used rather than equal vol-
umes. When there is a question that the gasoline used for thinning the oil
in making this determination renders insoluble certain of its fuel constit-
uents, then mixtures of gasoline and carbon disulphide, or of gasoline and
benzol may be used for *‘ cutting,”” providing the specific gravity of such
mixtures is not greater than 0.74. If, after continued centrifuging, a clear
line of demarcation between the impurities and the oil is not obtainable,
the uppermost line should be read. If this procedure proves unsatisfac-
tory, 100 c. c. of the sample may be distilled with an excess of hydmca.r-
bons saturated with water and having boiling points slightly above and
ow that of water. Distillation is continued until all of the water has

n distilled over into a graduated tube. The water in the oil is thus
istilled over and readily collects at the bottom of this tube, where the
rcentage may be read off. The percentage of sediment in the oil may
en be determined on the sample remaining in the distilling flask by
“cutting” it with gasoline and centrifuging. The percentage of water
tained in the tube added to the percentage of sediment gives a total
ntage to be deducted for moisture and unpunt.les
10. Sulphur content.—Appreciable sulphur content in a fuel oil is objec-
le. However, a content of 4 per cent or less is not sufficiently
ob;ecuomble to cause the rejection of a fuel oil for general purposes. (In
eral, experiments in burning fuel oils of various sulphur content have
own that the corrosive effects on the boiler tubes or heating surfaces are
negligible. However, with steel stacks and low stack-gas temperatures,
considerable corrosion in the stack has been noted. In handling these
oils, prior to burning, the corrosive action of the sulphur on steel storage
tanks, piping, etc., is quite apparent and should be considered. If the oil
is to be used for special metallurgical or other purposes where sulphur
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fumes are decidedly objectionable, it is necessary to specifiy a limiting
figure for the sulphur content of the oil.)

Method of determination: Complete combustion in a bomb by means of
oxygen orsodium peroxide, the sulphur being weighed as barium sulphate.

11. Calorific value.—A standard of 18,500 B. t. u to the pound of pure
fuel oil is a good figure to be taken as the basis, if the fuel oil is to be pur-
chased on calorific determinations. A bonus may be paid for calorific
value in excess of this figure and deductions made if the heating value of
the fuel is below 18,500 B. t. u. per pound.

Method of determination: Any bomb calorimeter of recognized accuracy.

12. Methods of sampling.—The accuracy of these different tests depends
upon the care with which an average representative sample of the fuel oil
delivery has been taken, and the importance of obtaining such a sample
can not be overestimated. Top, middle, and bottom samples should be
taken with a standard “car thief” and these samples should be combined
and thoroughly mixed to form one sample for car deliveries. Where oil is’
received in tanks or reservoirs the swing pipe should first be locked at a
position well above the level of the water and sediment usually found in
the bottom of such tanks. Tanks should be sampled every foot for the
first 5 feet above the bottom of the swing pipe, and at 5-foot intervals from
there tothesurface of the oil. Thissamplingshould be done with astandard
tank thief, the samples “cut” individually, and deductions for impurities
made on the separate volumes which these samples represent. If the tank
is a large one, it should be sampled through at least two hatches. In receiv-
ing large deliveries of the more viscous oils it is necessary to take many
samples in order to insure fair and average impurity (W. and B. 8.) deduc-
tions. This is because water and sediment do not readily settle out of
such oils.

13. General specifications can not be drawn to advantage for fuel oils.—
Individual conditions and requirements at the points of consumption
influence to & large degree the specifications for viscosity, flash point, and
sulphur content. Definite specifications can be drawn for a fuel oil which
will meet practically all requirements, but it can readily be seen that
such specifications will exclude much of the fuel oil now available, and for
most purposes the requirements need not be severe. Hence, it is advised
thatin purchasing fuel oil the individual requirements be studied, and that
as lenient specifications as possible be written which will insure an oil that
will be satisfactory for the conditions for which it is intended.
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A limited supply of the following publications of the Bureau of Mines has
been printed and is available for free distribution until the edition is
exhausted. Requests for all publications can not be granted, and to insure
equitable distribution applicants are requested to limit their selection to
publications that may be of especial interest to them. Requests for publi-
cations should be addressed to the Director, Bureau of Mines.

The Bureau of Mines issues & list showing all its publications available
for free distribution as well as those obtainable only from the Superintendent
of Documents, Government Printing Office, on payment of the price of
printing. Interested persons should apply to the Director, Burean of
Mines, for a copy of the latest list.

PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION.

BULLETIN 120. Extraction of gasoline from natural gas by absorption methods, by G. A.
Burrell, P. M. Biddison, and G. G. Oberfell. 1917. 71 pp., 2 pis., 15 figs.

BULLETIN 149. Bibliography of petroleum and allied substances—1915, by E. H. Bur
roughs. 1917. 147 pp.

BULLETIN 156. The Diesel engine; its fuels and its uses, by Herbert Haas. 1918. 16 pls.,
67 figs., 133 pp.

BULLETIN 158. Cost accounting for oil producers, by C. G Smith. 1917. 123 pp.

BULLETIN 176. Recent developments in theabsorption process for recovering gasoline from
natural gas, by W. P. Dykema. 1919. 90 pp., 20 pls., 80 figs.

TECHNICAL PAPER 49. The flash point of oils, methods, and apparatus for its determina-
tion, by 1. C. Allen and A, 8. Crossfield. 1913. 31 pp., 2 figs.

TECHNICAL PAPER 72. Problems of the petroleum industry, results of conferences at Pitts-
burgh, Pa., August 1 and September 10, 1913, by I. C. Allen. 1914. 20 pp.

TECHNICAL PAPER 87. Methods of testing natural gas for gasoline content, by G. A. Bur-
rell and G. W. Jones. 1916. 26 pp., 7 figs.

TECHNICAL PAPER 117. Quantity of gasoline necessary to produce explosive vapors in
sewers, by G. A. Burrell and H. T. Boyd. 1916. 18 pp. 4figs.

TECHNICAL PAPER 120. A bibliography of the chemistry of gas manufacture, by W. F.
Rittman and M. C. Whittaker, compiled and arranged by M. 8. Howard. 1915. 30 pp.

TECHNICAL PAPER 127. Hazards in handling gasoline, by G. A. Burrell. 1915. 12 pp.

TECHNICAL PAPER 161. Construction and operation of a single-tube cracking furnace for
making gasoline, by C. P. Bowie. 1916. 16 pp. 10 pls.

TECHNICAL PAPER 163. Physical and chemical properties of gasoline sold throughout the
United States during the calendar year 1915, by W. F. Rittman, W. A. Jacobs, and E. W.
Dean. 1916. 45 pp., 4 figs.

TECHNICAL PAPER 174. Suggestions for the safe operation of gasoline engines in mines, by
R. H. Kudlich and Edwin Higgins. 1917. 3figs., 19 pp.

TECHNICAL PAPER 181. Determination of unsaturated hydrocarbons in gasoline, by E. W,
Dean and H. H. Hill. 1917. 25 pp.

TECHNICAL PAPER 214. Motor gasoline; tests and specifications, by . W. Dean. 33 pp.,
2 figs.
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PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE
SUPERINTENDENT OF DOCUMENTS.

BULLETIN 19. Physical and chemical properties of the petroleums of the San Joaquin
Valley, Calif., by I. C. Allen and W. A. Jacobs, with a chapter on analysis of natural gas from
the southern California oil flelds, by G. A. Burrell. 1911. 60 pp. 2 pls., 10 figs. 10 cents.

BULLETIN 32. Commercial deductions from comparisons of gasoline and alcohol tests on
internal-combustion engines, by R. M. Strong. 1911. 38 pp. 5 cents.

BULLETIN 88. The condensation of gasoline from natural gas, by G. A. Burrell, F. M,
Beibert, and G. G. Oberfell. 1915. 105 pp., 6 pls., 18 figs. 15 cents.

BULLETIN 114. Manufacture of gasoline and benzene-toluene from petroleum and other
hydrocarbons, by W. F. Rittman, C. B. Dutton, and E. W. Dean, with a bibliography com-
piled by M. 8. Howard. 1916. 268 pp., 9 pls., 46 figs. 35 cents.

BULLETIN 126. The analytical distillation of petroleum, by W. F. Rittman and E. W,
Dean. 1916. 79 pp., 1 pl.,, 16 figs. 15 cents.

TECHNICAL PAPER 3. Specifications for the purchase of fuel oil for the Government, with
directions for sampling oil and natural gas, by I, C. Allen. 1911, 13 pp. 5 cents.

TECHNICAL PAPER 10. Liquefied products of natural gas, their properties and uses, by L.C.
Allen and G. A. Burrell. 1912. 23 pp. 5 cents.

TECHNICAL PAPER 25. Methods for the determination of water in petrolcum and its prod-
ucts, by I. C. Allen and W. A. Jacobs. 1912. 13 pp., 2figs. 5 cents.

TECHNICAL PAPER 26. Methods for the determination of the sulphur content of fuels,
especially petroleum products, by I. C. Allen and 1. W. Robertson. 1912. 13 pp., 1 fig.
5 cents.

TECHNICAL PAPER 36. The preparation of specifications for petroleum products, by I. C.
Allen. 1913. 12pp. 5 cents.

TECHNICAL PAPER 37. Heavy oil as fuel for internal-combustion engines, by I. C. Allen.
1013. 36 pp. 5 cents.

TECHNICAL PAPER 70. Methods of oil recovery in California, by Ralph Arnold and V. R.
Garflas. 1914. 57 pp., 7 figs. 5 cents.

TECHNICAL PAPER 74. Physical and chemical properties of the petroleums of California, by
1. C. Allen, W. A. Jacobs, A. 8. Crossfield, and R. R. Matthews. 1914. 38 pp., 1fig. 5 cents.

TECHNICAL PAPER 115. Inflammability of mixtures of gasoline vapor and air, by G. A.
Burrelland H. T. Boyd. 1915. 18 pp., 2figs. 5 cents.
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