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PREFACE.

This book is intended to be a practical exposition
of the use of fuel oil for industrial purposes. Oil is an
ideal fuel for most manufacturing operations. Brief
description of many of these processes precedes, in
each case, the detailed directions for furnace and
burner arrangement as well as approved meghods of
operation.

From a study of this work, the engineer, architect,
plant superintendent, manager, fuel oil salesman and
efficiency expert should be able to judge as to the
applicability of fuel oil to their purpose. The chap-
ters on Tests and Furnace Efficiency should prove
of special value to operating engineers, as it teaches
how boiler losses may be checked and true efﬁc:ency
determined. AT

The text has been written b) a practical man for
the use of practical men. Its prepamtlon lias pc"u-
pied much of the author’s spate time: ,fo' ‘wumber of
years past. Should it prove of s»rvi« €ta t‘me engmeer
and make known the advantages of fuel oxl' the effort
will be amply repaid.

THE AUTHOR.
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INDUSTRIAL USES OF
FUEL OIL

CHAPTER 1.
OIL AS A FUEL.

The use of oil as fuel has been a remarkable de-
velopment of the past few years. After carefully in-
vestigating the source of supply, both the older oil
fields that have long been producing as well as the
newer fields, such as those in Mexico, together with-
the possibilities of finding oil in Central and South
America, the navies of the world have decided to
adopt oil as fuel for part of their fleet, at least. With
the erection of large oil storage tanks throughout the
important seaports of the world the steamship com-
panies also do not now hesitate to equip their steam-
ers for burning fuel oil.

The opening of the Panama Canal has changed the
old established routes of many steamship lines and
fuel oil from the California, Mexican and Central
American fields can be obtained at an attractive fig-
ure at the Canal. Thus steamers operating from New
York or European ports, through the Canal to Pacific
or China ports, are now able to take advantage of the
cheap fuel. The large oil storage tanks that have been
erected through the country, insure to the industrial
manufacturer also, a steady and regular supply of fuel
oil.
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These vast storage tanks, the many oil tank cars
operated by the railroads, the numerous tank steamers
carrying the oil to all parts of the world, and the new
oil fields have eliminated any question as to an ade-
quate supply. .

The use of fuel oil is now well established, and
new uses are being discovered daily. The question of
cheap transportation of this valuable product has been
solved by the large tank steamers, some of which carry
over 120,000 bbl. of oil. When the authorities
decide the rate question of transporting oil by tank
. cars and pipe lines, a still lower price will probably
prevail.

Some crude oils are suitable for fuel in their
natural state, for others lighter gases must be distilled.
Most of the fuel oil sold has been refined, being the
residue from the crude petroleum after the more val-
uable ingredients have been taken out and much of
‘the sulphur removed. The calorific value of the fuel
oils from the different countries varies but little from
18,500 B.t.u.

In figuring the comparative value of fuel oil and
coal the steam engineer usually compares the amount
of water evaporated by unit weights of oil and coal;
the electrical engineer figures the kilowatt hours pro-
duced with each pound of fuel, while manufacturers are
interested in the equivalent value of a barrel of oil,
compared with a ton of coal, a cord of wood, or a
thousand cubic feet of gas. On account of the wide-
ly different heating values of various fuels, it is diffi-
cult to prepare a table showing exactly the equivalent
value of one barrel of oil. The following table affords
a rough comparison between coal fuel under similar
conditions of boiler loading.
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TABLE 1,

Fuel— Coal. Oil.
Gravity of Oil, Baume ...........cc.... : 16.2°
Per cent of molisture in fuel........... 3.9 1.6.
Percentof ash .........covvviiiiunann. 17.87
Calorific. value, by Parr Calorimeter, per .

pound of dry guel, Btu............. 11,811. . 18,099.

Boller Horsepower—

Horsepower developed, A. 8. M. E, rating 832.3 241,
Builder’s rated horsepower ............ 700. 200.
Per cent of builder’'s rating developed.. 118.9 120.

Economic Results—
Water apparently ~evaporated under
actual conditions per pound of fuel.. 7.118 13.12
Equivalent evaporation, F, & A., 212° F.

per pound of fuel ........ 9.0767 15.11
Same per pound of dry fuel.. . 9.4451 15.34
Same per pound of combustible ........ 11.83 15.34

Efficilency—

Efficiency of boiler .............00...n 82.76 81.8
Per cent of steam generated used by

StOKEer ....oiviiiiinninnecenncennannas 5.8
By DUIDer .........cciiieinecnnncannns 3.68

Analysis of Dry G by Vol ’
Carbon dioxide .............c.i0vinnnn 7.82 14.6
OXYEBON .ivveeroveecassarsansssasassnnas 7.50 1.2
Carbon monoxide ..........ccivviuiuen .13 .00
Nitrogen .........c.cieitiiiienninrennns 84.55 84.2
Per cent of excess air above amount the-

oretically required .................. 50. 5.6

It has been common practice to estimate four bar-
rels of oil equal to one ton of coal, but that this is not
always the case is proved by the following test. Under
a boiler one pound of coal evaporated 7 1b. of water
from and at 212 degrees F., and one pound of oil evapo-
rated 15 Ib. of water from and at 212 degrees F. The
rates of evaporation per pound of fuel were in the
ratio of 7 to 15; and as the coal weighed 2000 1b. per
ton and the oil 330 1b. per barrel, one ton of coal was

2000 X7
0 X 15
the other hand, a good grade of coal may have 14,500
B.t.u. per pound, while oil averages 18,500 B.t.u. per
pound. The theoretical equivalent of one ton of coal
2000 X 14500
330 X 18500

These cases may seem extreme, but they indicate the
danger of using “rules of thumb” in making prelimi-

equivalent to = 2.828 barrels of oil. On

in this case is - =475 barrels of oil.
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nary calculations of fuel consumption. The writer
has seen many cases in which a contractor has failed
to meet his specifications, simply because he took it
for granted that four barrels of oil were the equiva-
lent of one ton of coal.

It is equally difficult to compare the heating
value of a cord of wood with that of a barrel of oil.
The heating value of the wood in question must be
known, as well as the percentage of water that it con-
tains, before making a comparison with oil fuel.

The type of furnace in which the oil is to be used
is an important consideration in making any compari-
son with other fuels. Assume, for example, a furnace
which has an efficiency of 76 per cent when burning
coal. If, upon converting this furnace to an oil-burner,
it-has an efficiency of 83 per cent, the amount of oil
required will be less than the amount indicated by a
comparison of the heating values of coal and oil. As
a rule such an improvement in efficiency may be ex-
pected from the conversion of a coal burning to an
oil burning furnace, provided the installation is made
by a competent oil expert. This is partially due to the
higher furnace efficiency inherently attainable with fuel
oil. But a more important cause lies in the fact that the
average plant using coal as fuel is attended by an un-
skilled fireman, who can only get the best results from
coal by hard work, close attention, and intimate knowl-
edge of the coal. Often he does not understand the
most efficient method of firing the coal or regulating
the draft, and as a result a great deal of fuel is wasted.
This point is clearly brought out when a coal or boiler
expert is brought in to.conduct a test; much higher
efficiencies are invariably attained.

- Conditions are very different in a plant using oil.
The work of firing requires no physical exertion; a
clear eye and common sense is all that is required.
The fireman has plenty of time to see that the burner
is working properly and that a uniform amount of
feed water is being supplied: and by watching the
stack he can prevent some of the fuel losses that take
place if smoking is permitted. Also, when using fuel



6 INDUSTRIAL USES OF FUEL OIL

oil a much better class of labor can be secured; this
has been clearly proven on board ocean going steam:.
ers.

The writer can remember the time when it was
almost impossible to secure firemen on a certain
steamer, and many that were secured were unfit for
work during their first watch, three watches being
often required to get them in good working condition.
It was laborious. hot work. as the steamer was run-
ning to the tropics. The firemen usually made but
one voyage and a new crew had to be obtained each
trip. This vessel is now using fuel oil, and I have
teen informed by the engineers, that they seldom make
a change in the fire room crew.

Purchasing Fuel Oil.

With the supply of oil fuel assured, the question
of greatest interest to the engineer is how to buy it.
The price of the oil must of course be low enough to
warrant making the fuel oil installation. And the time
for which this price is guaranteed in the fuel oil con-
tract should be long enough to enable the consun:er
to save on his fuel bill at least the cost of making
the oil installation.

The analysis of crude and fuel oils varies with
the wells or countries from which the oil is obtained.
The characteristics required by the purchaser should
be embodied in a contract; a good commercial fuel oil
should be of the following specifications:

Specific Gravity at 60° Beaume ...... Not less than 14°
British thermal units ............... Not less than 18,500
Water ....vviieieiritrrenacsssancnaenas Not over %%
Sulphur Not over 2%

Dirt, sand, etc. .....c.cttiivinnnaraan None

Flash point .......ccvieviiiiiinnenns Not lower than 140° F,
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Measurement of Oils at a Temperature Above 60° F.
Let Q = actual quantity.
Let Q'= measured quantity.
= a constant for the particular oil.
t = temperature of oil in degs. F.

Then Q=0Q'= 1+ %

Measurement of Oils at a Temperature Below 60° F.

Q—Q' -+ 1 —-<60t)
10

The value of “c” in this equation is based on the
coefficient of expansion of the oil and differs for differ-
ent oils. Generally speaking, the lighter the oil the
higher the coefficient and also the value of “c.”

From determinations made in our laboratories we
have arrived at a close approximation.to the correct
coefficients of expansion for California oils, as follows:

For California oil of 10 deg. B. “c.” =.0033
For California oil of 11 deg. B. ‘c ?” =.0033
For California oil of 12 deg. B. “c.” =.0034
For California oil of 13 deg. B. “c.” = .0034
For California oil of 14 deg. B. “c.” =.0035
For California oil of 15 deg. B. “c.” = .0036
For California oil of 20 deg. B. “c.” = .0039
For California oil of 25 deg. B. “c ”— .0042

Many purchasers of road oils use an arbitrary con-
stant for all oils, but that this is manifestly incorrect
is clearly shown by the above table. The constant
used by the Los Angeles County, Cal., Highway Com-
mission and recommended by Prevost Hubbard,
Chemist in the Office of Public Roads of the United
State Agricultural Department is — “c” = .004

This would be correct for California oils of about
21 deg. B. or 22 deg. B.; but as most road oils are
heavier than this the result of the use of this constant
is an error in the measurement of all oils delivered at
a temperature above or below 60 deg. F.
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Comparative Value of Wood, Oil and Coal.
(Average coal)

] SR8g B 8
<) 5-5 B o .
~rg =] o0 ~ O L=k~
o8 = g..- a °k 52
.Qg O“ a -t °-§
= ° Qgg ~0 ; a
™~ —
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u:’ 2050 20 g
5. B2 . 5 BB
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) QO DO - 1] o B

Class of Wood. B B o 1] B
English oak.... 48-58 1560 8,316 1730 3860
Ash ........... 43-53 1420 8,480 1610 3630
Red oak....... 54 1340 8,390 1501 3310
Birch ......... 40-46 1190 8,510 1384 2880
Elm ..... veee.. 34-45 1190 8,686 1337 2880
Yellow pine.... 29-41 1130 9,153 1248. 2620
White pine..... 27-34 970 9,215 956 1920
Beech ......... 43-53 1420 8,691 1635 3520

Heat Losses Attending the Use of Coal in a Small Factory.

(As shown by the U. S. Geological Survey at the Panama-
Pacific International Exposition.)

Boller Room Losses. Per Cent.
Losses by combustible matter falling through grate..... 3
Loss in chimney gases........... ettt e 26
Loss due to moisture in coa.l. et et e 4
Loss due to incomplete combustion.................0... 5
Loss due to radiation ............. .. i i, 5 43

Engine Room and Factory Losses.

Loss in condenser............. ettt 43
Loss in auxiliaries...............coiiiiniinn, . |
Loss in friction of engine shattlng, etC.......oiiiienn 4
Loss by friction of manufacturing machines...... ve... 3 b4
Heat utilized in useful- work................. ettt 3
Total .......... e Ceteeesa e 100

In the Best Steam Power Plant Having a Direct Connected

Engine.

Boiler Room Losses. Per Cent.
Losses by combustible matter falling through grate... 2
Loss in chimney gases...........coiviiiiineiniennnns 10.5
Loss due to moisture in coal............ et 4.5
Loss due to incomplete combustion........... L 100 0.5
Loss due to radiation............ ettt 2.6 20

Engine and Factory Losses.

Loss in condenser.............. [N e 60.
Loss in auxiliaries..........ciiiiiiiiiiiiiiii i .25
Loss by friction in a direct connected engine.......... 1.75 62
Heat utilized in output of machines.................. 1
Total ............ et [P 100

The losses as shown in the best steam power plant are
about the average losses in per cent as average plant using
oil as fuel, but the losses in a small factory using oil as fuel do
not average 45 per cent in the boiler room. The large percent-
age of the losses being in the chimney gases with coal, while
with oil this percentage is greatly reduced.—Author.
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Report on Fuel 01l from Distillation of Crude Oil.
To get out a fuel oil with a viscosity of 800 secs. (Redwood)
at 100 deg. Fahr.,, we can distill off:

Benzine and kerosene ............ 30 per cent.
Gas ofl ... ittt ittt 30 per cent.

from which will be steamed off 1 per cent back to benzine.

The residue of 29 per cent is mixed with 26.10 per cent of
pitch, giving:

Benzine and kerosene........... 31 per cent
Fuel of] ....civiiiiiennnrananns 56.10 per cent.
Pitch .....ciiiiiiiieniirenennes 11,90 per cent.

98.00 per cent.
LOBS ...viitiinenennarennenanns 2.00 per cent,

100.00 per cent.

The fuel oil has the following properties:
Specific gravity at 60 deg. Fahr. .955
Flash point (Abel)............... 170 deg. Fahr.
Viscosity at 100 deg. Fahr....... 810 secs. (Redwood)
If we manufacture only benzines and fuel oil without any
illuminating oil at all, we distill off:
Benzines, Sp. Gr. .738............. 10 per cent.
Gas ofil, Sp. Gr. 837............. 45 per cent.
from this is to be steamed off 4.5 per cent and the residue of
gas oil 40.5 per cent mixed with the whole residue.

This gives:
Benzines, Sp. Gr. .740.......... 14.50 per cent.
1088 ...ttt 1.60 per cent.

Fuel 0il .....cciviviiiiiinnnnns 84.00 per cent.

100.00 per cent.

This fuel oil has the following properties:

Specific gravity at 60 deg. Fahr. .950

Flash point (Abel)................ 164 deg. Fahr,
Viscosity at 100 deg. Fahr........ 805 secs.(Redwood)

According to statistics compiled under the super-
vision of J. D. Northrop of the United States Geo-
logical Survey, the quantity of petroleum entering the
markets of the world in 1914 amounted to 400,483,489
barrels. Of this record-breaking output the United
States is credited with 66.36 per cent, representing
in quantity a trifle less than double the output of all
the other oil-producing countries combined. The fol-
lowing table shows the marketed production of petro-
leum in the world in 1914, and for purposes of com-
parison the corresponding output in 1913, together
with the total output from 1857 to 1914 inclusive:
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CHAPTER IIL
OIL STORAGE AND PUMPING SYSTEMS.

Before making the fuel oil installation, a fuel oil
expert should be engaged. He should be familiar
with the rules and regulations regarding the location
of oil storage tanks enforced in the particular locality
by the inspectors, fire marshal and insurance officials.
These regulations vary greatly in different states and
countries. The accompaning illustrations taken from
the official San Francisco Fire Department ordinances,
will serve to give the reader an idea of the regulations
for the installation of fuel oil storage.

Fig. 1 shows boiler in basement, the sidewalk
being excavated and used as part of basement and the
owner desiring to utilize all the space under the side-
walk for basement purposes. The top of the storage
tank should be 4 ft. below the basement floor; a brick
or concrete wall not Jess than 12 inches in thickness
should be constructed aropnd the storage tank, ex-
tending from the bottom of the tank up to the base
ment floor. The space between the top of the tank
and the basement floor should be filled with earth and
the earth covered with the concrete flooring of base-
ment. Flooring at the bottom of the tank is optional.

Fig. 2 shows boiler in basement, the sidewalk
being excavated and used as part of basement and
the owner finding he cannot go over 4 ft. below the
basement floor. The top of the storage tank should
be at least 6 in. below the basement floor, a brick or
concrete wall not less than 12 inches in thickness
should be constructed around the storage tank, ex-
tending from the bottom of the tank up to 4 ft.'above
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OIL STORAGE AND PUMPING SYSTEMS 19

Fig. 3 shows boiler on the first floor, no basement,
sidewalk not excavated. The top of the storage tank
should be at least 4 ft. below the sidewalk; a brick
or concrete wall not less than 12 in. in thickness should
be constructed around the storage tank, extending
from bottom of tank up to top of tank. The space
between the top of the tank and the sidewalk should
be filled earth covered with the sidewalk. Flooring
at bottom of tank optional.

Fig. 4 shows boiler in basement, sidewalk not
excavated. Top of the storage tank should be at least
6 in. in thickness. A brick or concrete wall not less
than 12 in. in thickness should be constructed around
the storage tank, extending from bottom of tank up to
top of tank. The space between the top of the tank
and the sidewalk should be filled with earth, the earth
covered with the sidewalk. Flooring at bottom of tank
optional.

All tanks should be of steel construction, thickness
of plates as follows: Up to 5000 gallons, 3/16 in.
shell; 5000 to 10,000 gallons, 3/16 in. shell, with 5/16
in. heads; 10,000 to 20,000 gallons, 174 in. shell, with
3/8 in. heads. Over 20,000 gallons tanks must be of
standard specifications for oil tanks.

The situation of the oil storage depends largely
upon the kind of tank. Steel and galvanized iron tanks
are generally constructed on the surface, the oil flow-
ing by gravity to the oil pumping system, having been
pumped from supply cars to the storage tanks.

Galvanized sheet iron tanks are sometimes placed
under ground, though this practice is not to be recom-
mended because of the pressure caused by the sur-
rounding earth. Corrugated iron tanks with the cor-
rugations running around the tank are many times
stronger than plain tanks and can be safely placed
underground.

Re-inforced concrete tanks are used in many
places. Great care must be taken in their construction,
using only the best cement and clean sand. The bot-
tom should be on a 3 in. bed of oil sand and the in-
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side should be finished with at least 1% in. of cement,
and coated with a good waterproof solution.

The size of the storage tank depends upon the
estimated consumption of oil. If the plant is a great
distance from the source of supply, a storage equal to
at least one month’s requirement should be constructed

When the storage is far from the furnaces, it
should be arranged to allow the oil to flow by gravity.
It is better to pump the oil into the storage than
tax the pumps to their capacity by pumping from the
storage to the burners. Large suction lines from stor-
age to the pumps are recommended, the diameter of
the suction being from 1 to 2 in. greater than the pump
suction.

‘ ‘“ - -‘ Y = T
TANK ROIL TROUGH
' Fig. 5. Gravity Method of Unloading Tank Car.

When necessary to heat the oil in the storage
tank, this can be best accomplished by 2 in. heating
coils, placed near or around the suction, inside of the
tank. Pipes through the tanks should be connected
by companion flanges securely fitted to the shell, and
not a running nipple secured with lock nuts.

Fig. 5 shows the method of unloading a tank car
by gravity. -Wherever possible a “‘trough” should be
constructed to allow the oil to flow into the storage
tank as it obviates the necessity of making pipe con-+
nection each time a car is unloaded and prevents the
loss of oil before the connection can be made after
the valve is opened when some foreign substance has.
collected under the bottom valve.

Fig. 6 shows the method of pumping the oil from
the tank car. In cool weather it is often necessary
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to heat the oil, and in tank cars having no heating
coils; steam connections are made as shown.

SUCTION LINE STEAM

Fig. 6. Connection for Pﬁmplng ()3} 'trom Tank Car.

Fig. 7 shows how a tank car is unloaded by means
of compressed air. Care should be taken in using this
method as many of the tank cars are only tested to 50
Ib. pressure per square inch.

AIR LINE  OIL DISCHARGE

Fig. 7. Compressed Air Oil Pumping from Tank Car.

A swing joint and strain should be fitted to the
suction line entering the tank; the length of the
“swing” being equal to the depth of the tank. The
strainer can thus be cleaned after it has been pulled
to the opening in the top of the tank. A small drain
is necessary at the bottom edge of the tank to drain
off the water that settles. A manhole on the top and
also at the bottom side is:of great advantage when
¢leaning: 'Vent pipes must be also provided to allow
for the escape of any gas that might form.

"~ The use of naked lights around the storage tanks
should be absolutely prohibited.” When using portable
électric lights care should be taken to see that the in-















CHAPTER III.
BOILER FURNACE ARRANGEMENT.

The construction of the furnace for oil varies with
the type of boiler and the class of burner used. It is
the most important part of the installation, but until
recently has received the least attention by the engi-
neers. It is in the furnace that the proper combustion
of the oil must take place. A slight difference in the
amount of air admitted may mean a great loss of heat
units. It is an easy matter to secure a smokeless fire,
but efficiency can only be obtained by having a care-
fully designed furnace.

Fig. 12 shows the method of applying oil to a
return tubular boiler employed by many engineers.
It will be noticed that the air is supplied from the
rear end of the boiler, and is compelled to travel the
entire length of the furnace, under the grate, before
entering the combustion chamber. Thus the air is pre-
heated before entering the fire box. Fig. 13 shows a
patent furnace arrangement, with the burner placed
at the back end of the furnace. This type of furnace
has been successfully applied to water tube boilers of
various designs. Fig. 14 illustrates the burner and
furnace arrangements for the Coen system as applied
to B. & W. marine boilers. It will be noticed that
the regular coal firing doors have been moved from
the furnace front, and special air regulating fronts sub-
stituted. The burners are located as shown, one in
each doorway, and the main flow of air for combus-
tion is regulated by a sliding plate surrounding the
burner. Auxiliary air is admitted through the ash pit
doors.
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An important feature of the interior furnace ar-
rangement is the provision for a current of insulating
air to circulate from the back to the front end of the
furnace, between the ash pan and the furnace deck.
This is accomplished by cutting two air openings of
sufficient area in the back of the furnace and con-
structing an air duct 24 in. in height, running from

Fig. 13. Setting for No. 4 Kirkwood Burner Under
Water Tube Bolilers.

front to back the full width of the furnace. When
these rear doors are open, which is the case only when
the fires are in operation, a current of air is admitted
which travels rapidly forward through the ducts, en-
tering the combustion chamber through the firing,
arches in front of the burners. This circulating air
serves a double purpose; it affords perfect insulation
between the ash pan and the furnace, and provides the
furnace with preheated air, which is an important aid
to rapid combustion.

Fig. 15 shows the furnace arrangement under the
Parker boiler. The former grate bar level has not
been changed; a layer of fire brick properly spaced
over the grate bars was all that was necessary to
change to oil fuel.
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Fig. 17. Longitudinal View of Burner Arrangement
for Scotch Marine Boiler.

shown in Fig. 18. A single layer of fire brick is placed
over these bars and spaced as shown in Fig. 19.
When forced draft is used the openings 1 and 2 are
closed. The necessary air is regulated by the damper
C. The burner is placed as shown, generally five
inches above the fire brick. This type of furnace ar-
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rangement has been used with great success by many
of the large steamship companies operating on the
Pacific Coast.
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Fig. 18. Cross Section of Burner Arrangement for
Scotch Marine Boiler.

Fig. 20 shows the application of a Wilgus oil
‘burner to an upright boiler. A 3 in. tube is expanded
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from O/l Tank

Fig. 21. Wilgus Burner Arrangement for Upright
Boiler.

provide a furnace from which the highest efficiency
may be secured. The vital importance of correct de-
sign and construction of furnaces will be further em-
phasized in a chapter on combustion.

The required helght of chimney for fuel-oil plants
is much less than is ordinarily supposed when the
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boilers are operating at or below their rated capacity,
and considerably greater than is usually supposed
when there are heavy over-loads. As pointed out by
Mr. C. R. Weymouth, of San Francisco, Cal, in a
paper read before the American Society of Mechan-
ical Engineers, a chimney of undue height will take
an excessive quantity of air for combustion and per-
mit an excessive load on the boilers, both resulting
in a large waste of fuel. When the chimney height
is limited to that necessary for economical air supply
at the desired boiler load, it will be impossible for the
most careless fireman to cause serious waste of fuel,
either by supplying excessive air, or seriously over-
loading the boilers. The chimney may thus become
an important and inexpensive means of regulating
boiler-plants, and an automatic safeguard against care-
less firing. Such service is, of course, most success-
fully secured only in plants operating at uniform load.

The San. Francisco earthquake of April 18, 1906,
considerably reduced the height of most masonry
chimneys, and resulted in an extensive collection of
chimney data. Many of the results obtained appar-
ently were contradictory. Certain chimneys, reduced
to a height of 30 ft., gave the usual boiler capacity;
and others, reduced only to a height of 75 ft., showed
under certain conditions of service a decrease in
boiler capacity.

Altitude has an important bearing on chimney
design. The error commonly made in the determina-
tion of stack capacities at high altitudes is to assume
that a given grade of fuel at a fixed boiler rating will
require at high altitude the same draft, measured in
inches of water at the damper, as at sea level. It is
evident that to develop a given boiler horsepower re-
quires a constant weight of chimney gases and air for
combustion. As the altitude is increased, the den-
sity of the air is increased, and, correspondingly, its
velocity through the furnace, the bed of coal, or the
fire brick checkerwork. The boiler passes must there-
fore, be greater at high altitude than at sea level. The
mean velocity for a given boiler horsepower and con-
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stant weight of gases will be inversely proportional
to the barometric pressure. And the velocity head,
measured in column of external air, will be inversely
proportional to the square of the barometric pressure.

For chimneys built at high altitude it is necessary
to increase not only the height, but also the diameter.
The increase in height causes an added frictional re-
sistance within the chimney; this frictional loss must
be compensated by a suitable increase in the diameter,
and when so compensated it is evident that the chim-
ney height must be increased at a ratio inversely pro-
portional to the square of the normal barometric pres-
sure. ‘

Based on 150 per cent as the ratio of actual boiler
h.p. to rated boiler h.p. and assuming sea level atmos-
pheric pressure and 80 degrees F., the author pre-
sented the accompanying table of approximate maxi-
mum capacities measured in actual boiler h.p. These
data apply to steel chimneys with short flues, the chim-
neys being centrally located over stationary B. & W.
boilers. Other conditions are: Draft in inches at
boiler outlet, chimney side of damper, 0.30; corre-
sponding excess air through boiler, per cent, less than
50; assumed excess air supply for determining boiler
efficiency, chimney diameter and draft resistance of
chimney and breeching, per cent, 50; assumed tem-
perature of gases leaving boiler, 525 degrees F.; as-
sumed temperature of gases entering chimney, 500
degrees F.; assumed boiler efficiency, working not test
conditions, 73 per cent; assumed pounds of chimney
gases per actual boiler h.p., 54.6:
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Table of Approximate Maximum Capaolties (Acotual Boiler h.p.) for Oil-
Burning Chimneys (Boiiers 150 Per Cent Rating)

Diam. Area,
eter, Sq. Height in Feet Above Boiler-Room Floor Iine.
in, ft. 80 90 100 110 120 130 140 150
18 1.77 63 76 84 91 96 101 104 108
21 2.41 90 108 121 131 139 146 151 166

24 8.14 128 148 166 180 191 201 208 215
27 8.98 161 195 219 238 25638 2656 276 286
30 4.91 206 249 280 304 824 340 354 366

33 5.94 256 810 349 381 4056 426 444 469
36 7.07 812 879 427 466 497 528 5456 564
39 8.80 376 456 514 561 599 631 657 681
42 9.62 448 6539 609 666 711 749 782 810
45 11.06 518 630 718 779 834 879 918 962

48  12.67 599 729 287 904 967 1,020 1,070 1,110
54 15.90 779 951 1,080 1,180 1,270 1,340 1,400 1,460
60 19.64 985 1,200 1,370 1,500 1,610 1,710 1,790 1,860
66 23.76 1,220 1,490 1,700 1,860 2,000 2,120 2,220 2,310
72 28.27 1,470 1,810 2,060 2,260 2,430 2,580 2,710 2,820

78  88.18 1,760 2,150 2,460 2,710 2,910 8,090 38,250 8,380
84 38.49 2,060 2,580 2,900 3,190 3,440 3,660 . 840 4,000
90 44.18 2,390 2,950 3,370 38,720 4,010 4,260 4,480 4,670
96 50.27 2,750 38,390 3,880 4,290 4,630 4,920 5,180 65,400
102 56.756 8,140 3,870 4,440 4,900 5,290 5,680 5,980 6,190

108  63.62 3,660 4,380 5,020 5,560 6,000 6,390 6,730 7,030
114 70.88 3,090 4,920 5,650 6,250 6,760 7,200 7,690 7,930
120  78.54 4,440 5,490 6,310 6,990 7,660 8,060 8,490 8,890
126  86.59 4,930 6,100 7,020 7,770 8,410 8,970 9,460 9,900
182 95.08 5,450 6,740 17,760 8,600 9,310 9,930 10,600 11,000

188 103.90 5,990 7,420 8,580 9,460 10,300 10,900 11,600 12,000
144 118.10 6,650 8,120 9,350 10,400 11,200 12,000 12,700 13,300
166 182.70 7,760 9,630 11,100 12,300 18,400 14,300 15,100 15,800
168 168.90 9,060 11,300 13,000 14,400 15,700 16,800 17,700 18,600
180 176.70 10,500 13,000 15,100 16,700 18,200 19,900 20,600 21,600



CHAPTER 1IV.

OIL BURNERS.

The history of oil burners dates from the early
part of the last century. Records of improvements
have been kept by various writers and the patent
office. Such writers on oil fuel as Brannt, Booth,
North, Hodgetts, Lewes, Percy, Henry and Gouli-
chambaroff, have described in detail the successes and
results obtained by the inventors.

Various types of oil burners are illustrated, in
order that the reader may have an idea of the methods
adopted by the inventors to atomize the oil. These
burners are in successful operation in plants visited by
the author in various parts of the world.

Fig. 22 shows the W. N. Best oil burner. This is
termed an outside mixer because of the fact that
the mixing takes place at the outer tip of the burner.

j

)
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Fig. 22. N. N. Best Burner.
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means of a small steel plate, the jet is sprayed over
a large surface.

Fig. 26 shows the Schurs oil burner, which has
been designed to atomize the oil at three different
points. The first atomizing point breaks up the oil.

Fig. 27. Grundell-Tucker Oil Burner.

7
B P I v AR
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Fig. 28. Heresoff Oil Burner,

The tube superheats the spray, and the second atom-
izing point breaks it up into a finer and more per-
fect mixture. At the third atomizing point or tip the
spray forms into a flat stream; this third point acts
as a carburetor, changing the spray to a vapor.

IFig. 27 shows the Grundell-Tucker oil burner.
The burner consists of a fitting having an internal
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dividing wall. An air pipe forming the shell of the
burner is screwed into the mixing head; this head
has a number of spiral grooves which give to the
mixture a whirling motion. The burner is operated
with compressed air.

Fig. 30. Fitzsimmons Oil Burner.

Fig. 28 shows the Hereshoff Oil Burner, designed
to operate with either steam or air. Fig. 29 shows
the Lassoe-Lovekin oil burner. This consists of an
air tube, and a centrally located oil tube passing to
the tip. The latter is provided with a series of con-

Fig. 31. Holden Oil Burner.

verging, helically arranged jet appertures around the
oil nozzle. Passing through the oil tube is a regu-
lating rod tapered at the end to spray the oil in con-
ical form. This burner is operated with an air ‘pres-
sure of 14 ounces. Fig. 30 shows the Fitzsimmons
oil burner, a very simple type. Fig. 31 shows the
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Holden oil burner, designed to operate with steam
and air.

Fig. 32 shows the Staples & Pfieffer oil burner,
Oil, and steam or air, are passed through an inner and
an outer tube, and through specially arranged perfora-

Fig. 33. Jarvis Oil Burners.

tions to a mixing chamber, whence the mixture passes
through other perforations and channels to a head,
containing baffling plates, finally escaping through the
openings. The various openings are not in line with
one another, so that the stream is broken up. The oil

Fig.34. M. & W. Rotary Oil Burner,

tube contains a regulating spindle with a pointed end
fitting the conical end of the tube, which itself serves
as a valve to regulate the supply of oil.

The oil enters the mixing chamber through radial
perforations, or inclined ones, the issuing streams, in
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Fig. 356. Mechanical Burner Used in Baku Oil Fields.

Augur turned down
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Fig. 36. Naval Fuel Oil Burner.

either case, being broken up by opposing surfaces.
The steam or air enters the mixing chamber through
passages, parallel to the axis of the tubes. The chan-
nels through which the mixture escapes to the burner
head may be formed as slots in an enlargement at
the end of the oil tube. These chambers are espe-
cially arranged.

Fig. 33 shows a number of low pressure 011 burn-
ers made by T. P. Jarvis. Fig. 34 shows the M. & W.
rotary oil burner. This oil burner was tried out by
the U. S. Naval Board. Fig. 35 shows a mechan-
ical burner used in the Baku oil fields of Russia. The
spraying is effected by two sets of spiral guide blades,
one set within an inner tip and one within the outer
tip. The outer spraying tip is removable, so that as
the edges wear, new tips can be inserted, or special
tips can be placed for use under certain pressures or
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temperatures of the oil. Fig. 36 shows the naval fuel
oil burner, devised to operate by mechanical action.
Modern types of mechanical oil burners showing the
furnace arrangements will be treated later.

A close inspection of the various types of oil burn-
ers illustrated, will show clearly that it is necessary
to heat the oil in order to properly atomize it. Ex-
periments have proven that fuel oil will not burn in a
solid mass, but that it must be broken into minute
particles by heat and mechanical action, and then im-
mediately exposed to air.

Heating the oil lowers its viscosity, with the re-
sult that any suspended water more readily separates
out.

A temperature of about 125 degrees has been
found to produce the best results. When oil is heated
above the flash. point, trouble occurs. The carbon
will precipitate and settle in the pipe lines and at the
burner tip. There is also a danger of gxplosion, if
there are any leaks in the oil line. When the oil is
heated before reaching the burner, less air or steam
will be required to atomize it. This is an important
point, for it has been proven in practice that burners
require at least 3 per cent for perfect atomization, and
many burners are in practice using from 5 to 10 per
cent.

Air pressures as low as 10 ounces are at pres-
ent being used with excellent results under especially
constructed furnaces.

Compressed air has been found more economical
than steam as an atomizing agent in brick, lime and
cement plants, where the units are a long distance
apart.

In many cases the cost of installing and operating
an electrically driven air compressor is much less than
that of installing and operating steam boilers. The
losses due to condensation are also avoided.

Many plants are fitted with burners that“fiave to
be forced to get sufficient steam from the boilers.
This is bad practice, for when a burner is forced, ex-
cessive amounts of steam are required for atomizing.
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Incomplete combustion and high stack temperatures,
with their attendant losses, are bound to occur, and
by forcing the burner and centralizing the heat, tubes
and sheets may be blistered.

For all these reasons, the greatest economy can
only be secured by installing an ample number of
burners to supply all the fuel needed by the furnaces
without forcing.

Fig. 37. Peabody Oil Burner.



CHAPTER V.
STRAINERS AND HEATERS.

All fuel oils carry a certain amount of foreign mat-
ter in suspension. Some of the impurities settle out
while the oil is in the storage tank; but if the oil is
heavy and viscous, much of the foreign matter will
remain in suspension and be pumped to the burners
unless a strainer is provided. Since most burners
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Fig. 38. A Simple Basket Type of Oil Strainer.

break up or atomize the oil by forcing it through
small orifices, it is essential that there be an efficient
strainer in the oil feed line, to remove all traces of
gritty matter before the oil reaches the burner.

A good oil strainer must separate all solid matter
suspended in the oil, and be large enough to retain the
material removed for a-considerable time, unless it is
of a self-cleaning type.
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Fig. 38 illustrates a simple basket type of oil
strainer. This type is cleaned by removing the plug
at the top, taking out the basket, and rinsing it with
kerosene. Fig. 39 illustrates the method of connect-
ing a set of basket strainers. It is necessary to con-
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Fig. 40. Duplex Type of Strainer.

nect them in duplicate as shown, to permit continu-
ous operation of pumps and burners while one strainer
is being cleaned.

Fig. 40 shows a set of duplex oil strainers and
plug cocks. Either strainer can be used while the other
is being cleaned, without affecting the oil pressure.
Fig. 41 illustrates a compact self cleaning oil strainer.
The oil passes to the center, down the central tube
and is strained by passing through the perforated cone.
The clean oil passes up to the exit, while the dirt set-
tles at the bottom of the strainer. By opening the by-
pass valve, oil flows directly through the line. Then
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by opening the valve at the bottom of the strainer
the dirt can be forced out with steam, which is sup-

S:P
SELF-CLEANING 0Ol STRAINER

Fig. 41, Strainer for Suction Line of Pump.

plied by opening the small valve at the side of the
strainer.

This type of strainer has many advantages. It
can be operated and cleaned without soiling the hands,
and is thus a time-saver. The flow or pressure of
the oil is not changed while cleaning. And if a leak
in the suction line causes difficulty in the operation of
the pump, it can be readily located by closing the suc-
tion valve at the pump and opening the steam valve
on the strainer. In this manner steam is forced into
the suction line and the leak will be indicated by the
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Fig. 44. Corrugated Metal Type of Heater.

heater. The oil passes through the oil inlet into a
14 in. pipe, which is lenclosed by a 34 in. pipe. Upon
reaching the end of the inner. pipe it passes into and
returns through the annular space between the inner
and outer pipes to the discharge chamber. Steam fills
the body of the heater and an outlet for the condensed
water is placed at the bottom.

Fig. 44 illustrates a corrugated type of oil heater,
in which the oil passes through the corrugated inner
chamber and is heated by the steam that passes into
the body of the heater. Fig. 45 illustrates a multiunit
oil heater, constructed of extra heavy wrought iron
pipe. The oil passes hrough the inner pipe and is
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.

Fig. 46. Witt Automatic Regulator.
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heated by the steam in the annular space between the
two pipes. It will be noticed that all joints are made
up on the outside. The return bends are extra heavy
brass castings for the oil pipes and standard high
pressure ammonia fittings for the steam connections.
This type of heater can be made of as many units as
may be required, and can be connected in duplicate’
so that either heater can be cut in or out, as desired.

Fig. 46 illustrates the method of applying auto-
matic regulators to an oil burning system. The
pressure of the steam is regulated by means of a
governor that determines the amount of oil and steam
fed to the burner. The operation is positive and sin-
ple. The regulator is set at the desired pressure and
connected to the steam line from the boiler; a rise.
or fall in the steam pressure moves the diaphragm
of the regulator, causing the spindle to open or close
a valve, and thus regulating the supply of oil or
steam to the burner.

Fig. 47 illustrates the method of connecting the
Merit automatic fire and draft regulating system to a
battery of boilers. A master control used with this
system and designed to operate the regulators in ac-
cordance with load of the boiler.

Oil and s*team are both present in the master con-
trol under pressure. Suppose the fires to be burning
up to capacity and the steam gauge just registering
maximum pressure. This steam pressure, acting on
the mastér controller, causes it to operate the individ-
ual regulators which are distributed along the boiler
.front, one to each burner. )

The regulators, acting under this particular influ-
ence, reduce the supply of oil and steam to the burn-
ers, diminishing the fires accordingly. At the same
instant, both the ash pit and stack dampers are closed.
proportionately. Should the steam pressure still re-
main at its maximum, the master controller, after a’
proper time interval, operates to cause a still further
reduction in the fires and drafts through the medium
of the individual regulators.
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After this final operation the pilot fires are all
that remain. The size of this fire has been regulated
at the time of installation, so that it is just sufficient
to take care of the reduction in each boiler.

To complete the above cycle: As soon as the
steam gauge registers a pound drop, or more, if de-
sired, the master controller reverses its operation and
causes all the individual regulators to cut in the “first”
fire. Simultaneously, the ash pit and stack dampers are
opened the correct amount.

The size of this “first” fire is determined at the
time of installation and is fitted to the particular re-
quirements. Both steam and oil are regulated to the
exact proportion and quantity, and once established
these conditions are repeated day after day until other
conditions require other settings.

New settings are readily made by simply turning
keys in the individual regulators to vary the sizes of
the orifices. At the same time the ash pit and stack
damper settings are changed correspondingly. Very
close adjustment of these can be made as a series of
holes are provided in the operating levers by which
the throw is changed in very small steps.

If after the “first” fire comes on the steam pressure
does not build up, the master controller, after a proper
time interval, causes the “second” fire to come on.
This operation, like the first, simultaneously admits
more oil and steam to the burners and more draft to
the ash pit and flues.

This “second” fire may be also adjusted as read-
ily as the first and its range extends from a fire slightly
in excess of the “first” fire up to the capacity of the
boilers.

In the above description it was stated that the
draft and fires are changed simultaneously. This fea-
ture we believe is worthy of emphasis, and we are ac-
cordingly referring to it agam .

This desirable feature is secured by havmg the
stems of the valves, which regulate the flow of oil and
steam to the burners, prolonged so as to engage the
damper levers.



CHAPTER VI .

OIL IN THE CLAY, LIME AND CEMENT INDUSTRY

One of the important fields for oil as a commercial
fuel is in kilns used in the manufacture of clay pro-
ducts. Enameled, vitrified. fire and common brick,
sewer and water pipe. enameled sinks and tubs, ce-
ment, lime and cermanic ware of all kinds. as vases
and dishes. are all more successfully made with oil
than with anv other fuel. The principal reason for
this is found in the absence of any discoloration due
to smoke, soot, or uneven heating.

Three types of kilns are commonly used: the up-
draft kiln, the down-draft kiln and the muifle kiln.
In the up-draft tvpe the bricks or ware to be burnt
are built in arch form in front of the furnace, and
staggered throughout the kilns in order to receive an
even distribution of the heat. The flame from the
burner comes in contact with the brick near the fur-
nace, and as a result a number of bricks become car-
bonized. Burners fitted to this type of kiln should
give a long and narrow flame and many practical men
recommend steam for atomizing. They should be
adjustable to a low or heavy fire, and fitted with nip-
ples and elbows in such a manner as to direct the
flame to any position.

When water-smoking, the burner should always
point downward. Because of the low flame required
during this period, refractory material should be
placed at the point of impingement of the flame, to
assist in keeping the fire going and prevent kick-backs
or explosions. For a heavy fire the burner should
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be raised and the oil supply regulated to make a
vibrating flame which has a tendency to force the hot
gases to the center of the kiln and back to the head.
When this is done, the articles in the kiln will he
uniformly burned. Fig. 48 shows the correct method
of fitting up a burner on an up-draft kiln.

Fig. 48. Burner for Up-Draft Kiln,

The following report was taken from the record
of a prominent manufacturer of common brick in
California:

Type of kiln ... ... ittt iiiiiiinenennnns Common up-draft
Number of bricks burnt .............c0vvvunn 300,000
Type of burner ..........cccieeeceeececnsacas Schurs
Pressure of steam at burner................. 90 1b.
Pressure of oil at burner..............c.. ..., 35 1b.
Temperature of oil at burner............... 95 deg. F.
Time required ..........ceciiiiiinnnnronnnas 126 hours.
Total oil consumed ..........ccoeivivunennenns 3071/7 bbl.
Total oil consumed for 1,000 bricks.......... 43 gal.

For comparison, the following report shows the
record of an Indiana manufactuer:

Report No, 2.

Type of Kiln.......... it tiiiiiiiiinennnanns Common up-draft
Number of bricks burnt..............cviuue 250,000
Type Of bUINer......ccvviirinrrrirnnnnanennnns Inside mixer
Pressure of steam at burner................. 80 1b.
Pressure of oil at burner.................... 30 1b.
Temperature of oil at burner................ 120 deg. F.
Time required ...........ciiiiiiienreneennns 108 hours.
Total oil consumed.........coiviiinrrennnnnns 422% bbl.

Total oil consumed for 1,000 brick........... 71 gal.
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_Fig. 49. Down-Draft Kiln.
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A comparison of these reports shows the differ-
ence in oil consumption which may be expected with
different kinds of clay.

As a rule, the down-draft kiln is more economical
and is used almost entirely by manufacturers of crock-
ery and sanitary ware. Fig. 49 shows such a kiln. It
will be noted that a baffle wall extends upward in the
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Fig. 560. Arrangement and Spacing of Brick.

kiln, thus preventing the flame from coming into con-
tact with the ware. This is the most economical type
of furnace construction. Particular attention must
be paid to the arrangement and spacing of the brick,
to allow proper admission of air for combustion, as
shown in Fig. 50.
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Care should be taken in the selection of a suit-
able oil burner for this type of kiln. It should ato-
mize the oil perfectly and give a short, flat flame,
which spreads over the furnace and causes the air
for combustion to come up and through the flame. To
prevent the burning of the baifle wall the flame must
not be long enough to strike it. Air is recommended
for atomizing the oil in this type of kiln.

The following report was made by Johnson, Cas-
well Company, engineers of Los Angeles, Cal, on
plant No. 1 of the Los Angeles Pressed Brick Com-
pany:

Report of kiln No. 21 of plant No. 1 of the Los Angeles
Pressed Brick Company.

This kiln is 38 feet in diameter and 15 feet high from
floor to highest point inside. It is equipped with 14 No. 1
burners suitable for down draft kilns.

The kiln was charged with 125,000 cream pressed brick,
and the oil consumption was measured by a 2 in. Worthing-
ton meter.

Test started at 1:15 p. m., October 31, 1910.

Test completed §5:00 a. m., November 9, 1910.

Total time of test and heat, 106.56 hours.

Water smoking, 7 burners used 16 gallons of oil per hour.

Oil per burner per hour, water-smoking, 2.20 gal.

Oil per burner per hour, high heat, 7.10 gal.

Oil consumption, 14 burners, high heat, 100 gal. per hour.

Average oil consumption for entire heat, 562.6 gal. per hour.

Average oil consumption for entire heat, 3.76 gal. per hour,

per burner.

Total oil consumed in entire heat, 10,349 gal. — 246.1 bbl.

Oil consumed per 1000 brick for entire heat, 827.9 gal.

Air used at high heat, 8 cu. ft. per burner per minute.

Temperature at high heat, 2426 deg, F. test cone 10.

The operation of the burners was perfectly satisfactorv
in every respect, and practically smokeless.

The muffle kiln illustrated in Fig. 51 is used by
many manufacturers of enamel ware. In this kiln
the product is surrounded with a wall that entirely
protects it from the direct action of the flame. This
type of kiln is necessary where the ware has to be
treated with two or more coats of enamel, as the
second and third coats must be applied when the ware
is at a high temperature. A bathtub is a good ex-
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ample of this process. The tub comes from the foun-
dry and is cleaned and smoothed. Then a “filler” coat
is applied. This is allowed to set a few days until
thoroughly dried. Then it is swung into the furnace

eans of a “fork,” the temperature of the furnace
being 1800 degrees F. As soon as it reaches a “heat,”
it is taken out and treated with powdered material, and

DOOR

FRONT

Fig. 51. Muffle Kiln.

replaced in the furnace until the operator knows that
it is ready for the second treatment. The average
time required to enamel a bath tub is 24 minutes. A
typical muffle kiln has a capacity of 120 tubs each 24
hours, on a consumption of 10 bbl. of oil or 314 gal.
of oil per tub.

The burning of porcelain ware with fuel oil re-
quires careful attention on the part of the fireman.
The temperature must be regulated with precision.
A common method of determining the temperature is
by means of “cones,” which are made from a compo-
sition of feldspar, kaolnite (china clay), quartz (flint)
and calcium carbonate, so proportioned that the cones
melt at definite temperatures. These “cones” are put
into the “saggers” that are placed opposite small peep-
holes, making it possible for the operator to regulate
the temperature of the kiln.

The average size kiln is 17 ft. in diameter by 18
ft. high and is heated by means of ten furnaces located
at equal centers around the bottom of the kiln. The
total time necessary to burn the ware first is 56 hours,
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the water smoking period requiring from 26 to 30
hours, followed by 22 to 26 hours of “high heat,”
maximum of 2500 degrees F. being reached durmg
this period. The kiln is then allowed to cool off grad-
ually for a few days. This size kiln has an average
capacity of 2500 lbs. of ware, and from 72 to 80 bar-
rels of oil are use at one burning.

After the burning is completed the ware is dipped
into an enameling solution, and allowed to air dry.
It is then ready for the gloss kiln, which is of the.
same construction (See Fig. 52). The same method
of placing the ware in saggers is used, as well as the
“cones” for determining the temperature. Care
must be taken with the temperature of the kiln dur-
ing this process, as a sudden fall causes the ware to
“blib,” or show a wavy or lumpy appearance on the
surface.

The total time required to complete the process
of enameling is 36 hours. For 22 hours a “low heat”
is required, followed by 14 hours of “high heat,” a
temperature of 2100 degrees F. being required dur-
ing the “high heat” period. The oil consumption is
about 60 barrels.

“Fire clay” is an indefinite term, applying in
general to clays which do not fuse except at high tem-
peratures. Although no definite limit has ever been
set, it may be said that no clay can be called a fire
clay of good grade unless it will withstand a temper-
ature of 3000 degrees F. without sign of softening.
When burned these clays are generally white or yel-
low in color. The value of fire clay can only be de-
termined definitely by a refractory test.

The high fire resisting quality of a clay is due
to the absence of fluxes, and to the fact that its com-
position approaches more or less closely to that of
the ideal clay substance Al: 0s 2Si 0. 2ZH:0. A clay
that contains much above 46.3 per cent silicia, can-
not, therefore, be a high grade fire clay. When pur-
chasing fire brick the purpose for which it is to be
used must be known, for it is impossible to obtain a
fire brick which has great mechanical strength, and
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at the same time is highly refractory. A fire brick
which is coarse, clean, white and flinty, is of good
quality, and highly refractory. If the grain is fine and
smooth, the quality is apt to be poor.

When a boiler setting is required to stand an
intense heat and carry a heavy load at the same time,
it is well to construct the walls with two courses of
fire brick. The inner course should be of highly re-
fractory brick, and the outer course of strong brick.
All fire brick should be dry when placed, and only a
thin wash of fine clay used for a mortar. The bricks
should be “tamped” until in contact with one another;
for if a poor quality is used, or if the bricks are not
tamped into place, they are likely to melt and run.

Common brick require from 35 to 50 gallons of
crude oil per thousand bricks burned and about 5 days
are necessary to water smoke and burn. The con-
sumption of oil varies somewhat with the analysis of
clay and percentage of water. The table below gives
typical analyses of common brick clays:

Chemical Analysis of Common Brick Clays.

Average. Minimum. Maximum
Per cent. Per cent. Per cent.

Silica (SiO,) combined........ 15.0 12.0 30.0
Silicla sand .......... .00 55.0 20.0 60.0
Alumina (A,0p) +vvvvevnenennn 14.0 11.0 26.0
Water (H,0), combined....... 4.0 3.0 9.0
Water moisture .............. 2.0 0.0 6.0
Iron oxide (Fe,0p) ........... 4.0 2.6 8.0
Lime (C80) .....coveeencanann 1.5 0.5 7.0
Magnesia (M80) .....coccvven 1.6 0.3 7.0
Alkalies (K,0, Na,0) ......... 3.5 2.0 7.0

In order to determine the length of time, the
amount of fuel, and the air required for burning brick,
one of the largest manufacturers of oil burning equip-
ment has gathered the following data:

The oil for burning brick varies with different clays from
20 to 80 gallons per thousand brick—an average being 50 gal-
lons per thousand. The burning of most clay wares can be
divided into three periods, namely:

First—The drying out or water smoking period, requir
ing from 1 to 4 days of 24 hours each, with an average of
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234 days. During this period from 10 to 30 per cemt of the
gross amount of fuel required is burmed, the average being
15 per ecent

Second—The period during which the temperature is
raised from that of the water smoking period to the extreme
temperature necessary to burn the ware, requiring from 2%
to 612 days of 24 hours each, with an average of 434 days.
During this period from 45 to 75 per cent of the gross amount
of fuel is required, the average being 65 per cent.

Third—The oxidization period, during which the maxi-
mum temperature is maintained, in order to thoroughly burn
or vitrfy the product. This varies from 14 to 2% days,
with an average of 1% days, about 20 per cent of the gross
amount of ofl being burned.

The process of burning fire brick is similar to
that of common brick, except that longer time, higher
temperature, and much more oil is required. The
average time being from 7 to 8 days, and the oil con-
sumption per 1000 bricks varying from 120 to 140
gallons.

With oil burners only 8 cu. ft. of air or steam per
Ib. of oil is required for atomizing when the furnace
shows a draught of 14 in. to 34 in. of water in a U
glass. The amount of air required for atomizing is
thus determined by the amount of oil burned during
the second period, for during this period more oil is
burned per burner per minute than during any other.
Computations for a typical kiln are given below:

Assuming a kiln of 120,000 capacity:

First Period:

Total time—21% days — 60 hours = 3600 minutes.

Total brick in kiln—120 M. divided between 10 burners,
or 12 M. to each burner.

Total ofl required per M. bﬂck, 60 gallons.

During the 1st period, 16 per cent or 7.5 gal.—=56.25 1b.
% 12 (M. brick) =876 1b. of oil, divided by 3600 minutes =
,1878 1b, per minute,

Alr required for atomizing 8 cu. ft. per 1b. of oil, or 8 X
,1876, or 1.5 cu. ft. per minute X 10 burners or 16 cu. ft. per

minute. . _.
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Second Period:

Total time—414 days = 108 hours = 6480 minutes.

‘During the second period 66 per cent or 32.5 gal. —243.75
X 12=2925 1b., divided by 6480 = .451 1b. per minute.

Air required for atomizing 8 cu. ft per 1b. of oil or 8 X .451
= 3.40 cu. ft. per minute X 10 burners, or 34 cu. ft. per minute.

Third Period:

Total time—114 days or 36 hours =— 2160 minutes.

During the third period 20 per cent or 10 gal.—= 75 1bs. X
12 =900 1b., divided by 6480 = .412 1b, per minute. Air re-
quired for atomization 8 cu. ft. per 1b, of oil, or 8 X 4.12=
32.96 cu. ft. per minute.

Since the kiln selected above burned 120,000 bricks
in 715 days, or 16,000 bricks per day, the amount of
air required for a similar kiln of any given capacity
may be easily computed. Thus, for a kiln with a
capacity of 30,000 bricks per day, a compressor capable
of furnishing 65 cu. ft. of free air per minute is re-
quired. The most favorable working pressure for
kilns is 20 lbs. per sq. in.

Lime is an oxide of calcium (CaQO), and in one
form or another is the basis of all mortars and cements.
It is produced commercially by heating common lime-
stone in specially constructed kilns. Fig. 50 shows
a modern type of continuous oil burning lime kiln.

Limestone is calcium carbonate, CaCOs. When
heated to high temperature, it gives up carbon diox-
ide, which passes off as a gas, and oxide of calcium,
or quicklime, remains. Carbon dioxide begins to come
off at about 750 degrees F., but a temperature of over
1300 degrees F. is required to completely reduce the
stone to calcium oxide. Commercial limestone nearly
always contains considerable quantities of moisture
and organic matter, which are driven off in the burn-
ing process. Clay, magnesia and iron oxide are other
impurities often present, with the result that the actual
yield of lime may vary from 55 per cent to 30 per cent
or less of the stone.

) Dense, compact stone is reduced with great
difficulty, but the best quality of lime is produced
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from such stone. The lime-kiln should be charged
with lumps of stone uniform in size, about as large
as a man’s head. If the pieces are too large, or the
temperature of the kiln too low, the lumps will not be
calcined to the center, and the lime will not slake.

I
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Fig. 53. Continuous Oil Burning Lime K'In.

The diameter or width of the kiln when oil fuel is used,
should not exceed eight feet at the burning zone; if
it is greater than this the heat of the flame may not
penetrate to the center of the rock. Care must be
taken in arranging the burners and fire box. The
chamber should be large enough to allow combustion
to take place before the oil enters the kiln. This in-
sures a soft, long, flame, permitting the gases to pass
readily to the center of the kiln. If the burner is
placed too far in, carbon is liable to form as a result
of the flame impinging on the rocks. Furthermore,
the lime near the flame is overburnt, while the lime
in the center of the kiln is not burnt enough. The
burner should be so constructed as to thoroughly
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atomize the oil, and where possible a low pressure air
burner should be used.

Air for combustion should be admitted around the
burner, so that it will pass through the flame and thus
insure ‘complete combustion. Some lime kilns have

T
|
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Fig. 54. Shurs Burners Applied to Lime Kilns.

been arranged to take the air for combustion from the
stack by means of a steam siphon. Good results have
been obtained by this method, as the flame is much
softer and longer, and the volume of gases increased.
These gases pass through to the center of the kiln,
and when they carry a sufficient amount of carbon
monoxide, secondary combustion takes place there.
Lime burning has been carried on in many types
of kilns, most of which can be readily converted to
the use of oil fuel. Oil burnt lime finds a ready mar-



7% . INDUSTRIAL USES OF FUEL OIL

ket because of its cleanliness.” The. continuous type
of lime kiln has proven to be the most successful with
oil fuel ; the rotary kiln has also been used with good
results; but in this kiln the stone is broken into small
pieces with. the result that the lime produced is not
adaptable for building purposes. On the other hand,
when lime has to be ground and hydrated, this type
of kiln saves considerable power that would be con-
_sumed in grinding.

The following reports illustrate clearly the differ-
ence in the nature of the rock obtained from different
localities.

Report on Lime Kilns in Texas and Mexico.

Texas. Mexico.
Total lime burnt in 24 hours.... 40,000 1b. ' 30,856 1b.
Total oil consumed in 24 hours.. 4,960 1b. 6,048 1b.
Barrels of lime (230 1b.)......... 174 bbl. 129.8 bbl.
Barrels of oll..........civvvnnn 14.76 bbl. 18 bbl.
Gallons of oil per ton of lime.... 31 gal. 54 gal.
Tons of lime per 24 hrs.......... 20 tons Metric tons, 14
Lime burnt per ton of coal as

formerly used in gas producer 5

Oil equivalent to one ton of coal 3.69 bbl.
Btu of ofl.........oovvvivnnenn, 18,600 18,600
Oil pressure at burners....:..... 40 1b. 40 1b,
Steam pressure at burners....... 80 1b. . 80 1b.
Temperature of oil at burners... 120° F. 110° F.

The term “cement,” as used iii building operations,
signifies a compound of lime and other substances that
hardens under water or;in contact with water. It is
a mixture of lime, or lime and magnesia, with clay,
or silicia, or beth. .It differs- from common quicklime,
in that it does not slake, expand or crumble, nor give
off heat when wet, but chemically combines w1th part
of the water to form a firm, solid rock. E

- Portland 'cement may be defined as a. c0mpaund
consisting chiefly of silicates arid aluminatés of  lime,
produceéd ‘by  the calcination to incipient vitrification
of a mechanical mixture of calcareous and argillaceous
materials. The clinker thus produced is subsequently
ground to a powder.  The exact chemical composition
of ‘Portland cement varies considerably, its prin-
cipal constituents being lime, silicia, aluminum, and
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oxide of iron, mixed roughly in the following pro-
portions: lime, 60 to 67 per cent; silicia, 20 to
27 per cent; alumina 6 to 10 per cent; iron oxide
3 to 5 per cent. These four constituents, as a rule
amount to about 96 per cent; the remainder con-
sists of small quantities of sulphuric anhydride, mag-
nesia, and alkalies.

There are two general methods of preparing and
mixing the raw materials. One is known as the wet
process, and the other as the dry or semi-wet process.
The dry process is generally used because it is more
economical. To illustrate this economy, the records
of two factories, located within two miles of each
other, are given in the following report:

Dry Process. Wet Process.
Duration of test........... 24 hours 24 hours
Type of burner used....... Inside mixer Inside mixer
Atomizing agent........... Steam High pressure air
Pressure of agent at burner 90 pounds 80 pounds
Pressure of oil at burner.. 40 pounds 60 pounds
Temp. of ofl at burner.... 110°F. 100° F.
Cement in metric tons..... 48 tons 31 tons
Equiv. in bbl. of 380 lb..... 240 bbl. 180 bbl.
Ofl used per ton.......... 58 gals. 70 gals.
Equivalent oil used per bbl. 10 gals. 12 gals.

A rotary kiln is used almost exclusively in the
manufacture of cement and recent tests have proven
large, long kilns of this type to be the most efficient.
(See Fig. 55.) The clay is treated in a small
rotary kiln or dryer. The oil required to dry
one ton of clay varies from five to six gallons
per ton, depending upon the moisture of the clay.
After having been dried, the clay is ready for
the powder mill, and from there it is conveyed to the
top of the roasting kiln, where it is mixed with the
necessary amount of lime rock, which has also been
reduced to a powder. The main rotary kilns are steel
cylinders varying from 6 to 10 ft. in diameter and
from 60 to 100 ft. in length. They are set on rollers,
at a slope of about 4 to 34 in. to the foot, and lined
with resistant fire-brick, to withstand the gneat heat
to which the inner surface is subjected. When oper-
ating, the cylinder slowly revolves upon the roller by
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means of a train of gears; this motion, in connection
with the inclination of the cylinder, causes the cement
mixture, which is fed into the kiln at the upper end,
to move slowly to the lower end of the cylinder
where it discharges into a clinker pit. As the raw
material slowly works down into the interior of
the kiln, the heat generated from the burners first
drives off the water and the carbon dioxide from
the mixture and then causes the lime, silicia, alum-
ina, and iron to combine chemically and form a
partially fused mixture known as “cement clinker.”
The operation during this period is closely watched
_ by the operator. The rate of feeding the raw material
is regulated by the speed which the cylinder revolves.
The temperature of the kiln is regulated by the ap-
pearance of the clinker.

The physical and chemical changes which occur
within the kiln are divided into two stages. During
the first, the water and carbon dioxide is driven off,
the temperature of the kiln averaging about 1800 de-
grees F. During the second stage a temperature of 2800
degrees F. is maintained, and the burnt mass is thor-
oughly fused. The greatest care must be exercised
by the operator during this period, for if the clinker
is burned too much or too little, the value of the
cement will be greatly reduced. After fusion is com-
plete, the clinker is cooled and passed to the ball and
tube mills where it is ground into a fine powder.

Different cement manufacturers have widely dif-
ferent views on the method of firing kilns. Some recom-
mend an intense, concentrated heat as the clinkering or
fusing point, claiming that the calcining is effectively
carried out by the lower temperatures of the spent
gases. Others require a long, sweeping flame, extend-
ing back many feet into the kiln, claiming that they
get a much more perfectly burnt clinker by this
method. It is possible that peculiar characteristics
of the raw materials make the latter method desirable
in some cases; but in the opinion of the writer, much
more economical results can be obtained by the first
method.
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MAIN
STORAGE
TANK
Fig. 66. General Arrangement of Storage
and Piping for Fuel Oil in Cement Plant.

Some manufacturers ‘claim to be able to make
cement with from 84 to 94 gal. of oil per bbl. of ce-
ment. It is difficult to verify these statements, as the
utmost secrecy is maintained in all details of operation.
Frequently, however, errors can be found in their
method of calculating the exact amount of oil used.
Some take measurements from faulty meter readings,
while others do not allow for the amount of oil re-
quired to produce the atomizing agent. A careful
reading of the report reproduced below will show that
the average amount of oil required per bbl. of cement
lies between 10 and 12 gallons.

Various types of burners are used in cement kilns.
Some use the steam atomizing type, some the high
pressure air type, and some the low pressure air type.
The last type has proven so much more economical
than the others that many plants throughout the coun-
try have converted .from steam or high pressure air
burners to low pressure burners. Fig. 56 shows
a complete fuel oil installation at a cement plant.

Report From Portland Cement Plant in California.

Duration of test ........cciiiiiiiiiieiiiiiiiiine, 24 hours
Type of burner used.......covvviiureeiinnnnensnans Steam
Pressure of steam at burner..........ccceiiveannas 80 1b.
Pressure of oil at burner..............viieviieen. .
Temperature of oil at burner.............covvevnn 110° F.
Estimated weight of clinker burnt. .. 171,060 1b
Kstimated bbl. of cement...... .. 187 bbl
Barrels of oil consumed at kiln .. 4098 bbl
Gallons of oil used in dryer... 67.8 gal

011 used to furnish steam for atomizer........... oL 90 gal.
Total oil used per bbl. of cement................. 10 gal.



. - CHAPTER VIL -
""OIL AND THE GLASS INDUSERY. -

In order to make. clear the application of fuel .oil
to the glass industry, a general description of the pro-
cess of making glass will be given. Broadly speaking,
glass is made by properly melting together, cooling,
and shaping, certain raw materials, of which silicates
play the most important part. At the outset, the
finely ground raw materials are thoroughly mixed,
sometimes by regrinding the entire ‘batch.” The
“batch” 'is then shovelled into a pot together with a
certain amount of broken glass called “cullet,” which
melts at a comparatively low temperature, and-thus
assists in liquefying the rest of the charge. More of
the batch is added until the pot is filled to the desired
height with the fused mass, then volatile substances,
such as arsenious acid, used to decolorize the glass.
are added. During the melting much gas (CO: SO:
and O) escapes, and the bubbles rise through the melt,
stirring it and causing frothing. A considerable
amount of alkali and other constituents volatilize.

When the melt has come to a state of quiet fusion
the temperature is generally raised somewhat, and the
liquid glass allowed to stand for a time. This is
called “refining,” and its object is to form a homo-
geneous mass, free from bubbles and bits of uncom-
bined silicia or other matter. The scum which collects
is skimmed off; it is called “glass gall,” and consists
of undecomposed sulphates and chlorides of lime and
alkali, alumina compounds from the furnace, and vari-
ous other impurities. If too little carbon is used in
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the batch, the melt is covered with a layer of fused so-
dium sulphate; this is known to the workman as
“salt water.” Samples of the glass are examined dur-
ing the refining, to determine the exact time of heating.
" After refining, the glass is too liquid to blow, or to
work to. advantage, and is cooled until it becomes
pasty.

Glass is known under various names in commerce,
depending to the method of its manufacture or the
uses to which it is put.

Plate glass is cast on a large iron plate or “cast-
ing table,” made of thick narrow segments of cast iron,
bolted together and planed on top. These tables were
formerly cast in one piece, and, being large and thick
were very expensive. But when used, they soon be-
came warped and dished, owing to unequal expansion
of the top and bottom. This caused much loss of time
and glass in the subsequent grinding of the plate. The
built-up casting table is much cheaper and retains its
even surface much longer. The melted glass is poured
on the table and spreads out in an even layer. But
to give the plate a uniform thickness, and to smooth
down any inequalities of the surface, a heavy iron
roller, traveling on adjustable guides at the edge of
the table, is passed over it. The height of these guides
determines the thickness of the plate. Both the cast-
ing table and the roller are heated before use, so that
the glass may not be cooled too rapidly. As soon as
the plate is rolled it is transferred to the floor of the
annealing furnace, which has been heated to the
temperature of the glass, and which is directly in
front of the casting table. The annealing oven is
then closed tightly and the fire drawn, leaving the
plate to cool slowly for a number of days.

" All glass must be annealed. This process prob-
ably allows the molecules to arrange themselves so
that there is no great internal stress when the mass is
cooled. Unannealed glass, which has been suddenly
cooled, is always under high internal strain which
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of the furnace in a flat sheet. It is then transferred
to the annealing furnace for blown ware (Fig. 58).
This consists of a long oven, heated at one end and
cool at the other. A system of endless iron bands
carries the glass from the hot to the cool end of the
oven. Sometimes the glass tube to be annealed is
placed on a large horizontal table, usually built of
slabs of stone, and carefully balanced so as to revolve
easily and slowly by means of a gear, while the seg-
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t Fig 68. Annealing Furnace for Blown Ware.

ment passes through a narrow opemng in the- side
of the flattening furnace, where it is exposed to the
high temperature. . The glass is thus slowly carried
out.of the furnace into a cooler compartment from
which it is' removed when nearly cold. The table
is chiefly used for window glass. .

. The glass sheets are now cut into: marketable ¢ size
Aw1th0ut any polishing. - Since the surface of blown
.glass is fused and not polished, it is brilliant and hard.
Consequently it is less easily scratched or etched-and
is more durable than plate glass when exposed to the
-weather.

. Glass blowmg is an exceedmgly fatlgumg labor,
and only men of strong constitution and. good lungs
can doit,. The mass of glass which a good workman
will ha,ndle at one time, averages about 18 pounds, and



86 INDUSTRIAL USES OF FUEL OIL

from it he will form a cylinder over a yard long and
a foot in diameter. ‘

Pressed glass is made by the use of a die or mould;
these moulds are quite expensive, but owing to the
great number of pieces of the same form and design
that are made with slight labor, pressed ware is fairly
cheap. :

“Tough” or “tempered” glass is produced by a
special method of annealing, the articles so treated
being capable of withstanding blows and sudden
changes of temperature. This tempering is done by
plunging the article, while still so hot as to be some-
what soft, into a bath of oil heated to 100 deg, to 300
deg. C. This sudden “quenching” hardens the surface
of the glass but causes internal stresses. If scratched
or cut slightly, toughened glass is very apt to fly to
pieces, sometimes with great violence. And even
after standing a long time, spontaneous fractures often
occur. It is mainly used for lamp chimneys.

A process for making hardened glass plates and
window lights is employed in which cold metallic sur-
faces are applied to the glass plates while the latter
are still plastic. The sudden chilling imparts an ex-
ceedingly hard surface to the glass, so that it can be
used in exposed situations, as in street lamps.

Glass making may seem simple, but great skill is
required on the part of the workman. This is espe-
cially true in the manufacture of bottles by the old
method described above. There are bottling machines
which are entirely automatic, the siphoning of the
molten glass being accomplished by means of a vacuum,
the molding by an automatic process, and the blow-
ing by compressed air. Only one operator is required
and he merely removes the bottles as they are made.

A glass factory using oil as a fuel will now be de-
scribed. The glass furnace as shown in Fig. 57 is
called the regenerative type of furnace; in it, the air
for combustion passes up through one flue to the com-
bustion chamber, through the furnaces, and down
through the other flue. Thus the inlet chamber, which
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is made of checker-work brick, imparts its heat to
the incoming air, while the escaping gases are heating
the checker-work brick in the other chamber. The air
is reversed at intervals of twenty minutes.. Thus the
air required for combustion is always well heated. The
oil is fed by means of a pumping system installed by
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Fig. 59. Regenerative Type of Glass Furnace.

the Tate-Jones Company. The oil burners were de-
signed by the same company, and use compressed air
at 40 lb. pressure to atomize the oil, which is supplied
at a temperature of 140 deg. F. and a pressure of
40 Ib.



88 INDUSTRIAL USES OF FUEL OIL

Three weeks are required to bring the furnace
illustrated up to its proper working tempeérature, in
order to prevent cracking of the walls as a result of
uneven expansion. The finely ground raw materials,
together with some. broken. glass are then introduced
until the capacity of the furnace is reached.. When the
“batch” reaches its “fusion” point, 2500 deg. F., the
temperature of the furnace is raised to 2700 deg. F.

“Floaters” of fine clay are held in place by the
current of melted glass flowing towards the revolv-
ing tank. The liquid passes under the floaters, which
skim off the impurities that have arisen. from the
“batch” during the melting and refining process. ' This
leaves the glass in the revolving tank with a clean sur-
face, free from bubbles. The temperature of the revolv-
ing tank is much lower than that of the main tank.

The molten glass is taken by the “bottle machine,”
and made into bottles. The bottles are then passed
through the annealing furnace, Fig. 58. They enter
at the door C, and by means of an endless chain gear
are carried to D where they pass to a revolving table
and are conveyed through B. This is the hottest
part of the furnace, usually heated to 1200 deg. F. It
will be observed that the bottles come into direct con-
tact with the flame at this point, and when removed
are quite clean, excepting for a cloudy film. It was
first thought that this film was caused by poor atom-
ization of the oil. The chemist made some observa-
tions and stated that it was not an oil soot, but some
unknown composition possibly due to the vaporization
of the water in the oil. This film is readily removed
by wiping with a damp piece of cloth. At E the bottles
are again passed to the endless chain gear and pass out
the door F. This operation requires about 36 hours.
The bottles are then examined, cleaned, and packed
for shipment.

It is estimated that about six tons of bottle glass
are melted and refined in this furnace with an oil con-
sumption of 840 gallons barrels, or 140 gallons of oil
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per ton of glass. Blown window glass may also be
made in this style of furnace.

The common pot furnace is used by some of the
smaller manufacturers. It is similar in construction
as the crucible steel furnace shown in another part
of this book. A small special furnace called the
“glory hole” is also used in many factories for the
purpose described in making window glass. There are
also small square furnaces about 18 in. x 18 in. x 24 in.,
inside dimensions. The flame passes down through
the top to a combustion chamber, and the heat of the
flame passes over into the furnace. Such a furnace is
kept at a low white heat. In some glass factories, small
furnaces are used to dry the sand and to prepare the
limestone. Air is almost universally used for ato-
mizing the oil.

Many large glass factories are now using fuel
oil because of its cleanliness, in spite of the fact that
it costs more than other fuels. The flame comes in
direct contact with the glass without producing any
discolorization or deterioration and the temperature
may be maintained absolutely uniform, thus savmg
many articles formerly ruined by the fluctuations in
temperature caused by unsteady firing.



CHAPTER VIIL

OIL BURNING LOCOMOTIVES.

The first successful operation of oil burning loco-
motives was on the Griazi-Tsaritzin Railway, in Rus-
sia. Thomas Urquhart, who was superintendent of
motive power, converted some of the coal-burning
locomotives to oil burners in 1882, Several reports
have been published showing comparisons between
the performances of these locomotives before and after
this change was made. The calorific value of the oil
was 18,600 B.t.u.,, and the coal used was Russian an-
thracite, very similar to Cardiff coal, having 14,000
B.t.u. One pound of oil was found to be equivalent
to 1.78 1b. of coal.

In a discussion before the Institute of Mechanical
Engineers in 1899, Mr. Urquhart stated that the high-
est actual evaporation obtained was 14 lb. of water
per 1b. of oil, at 125 1b. steam pressure, from 60 deg.
This would be equivalent to 16.8 1b. from and at 212
deg. The average evaporation was 12.5 1b. of water
per Ib. of oil. These fine results were obtained in
spite of a handicap imposed by the Russian govern-
ment, which would not allow the railway company to
adopt fuel oil unless they proved that the fire-box
could be changed at a moment’s notice to burn coal.

_ As a comparison between the two fuels, the fol-
lowing report is given. This should be compared
with the reports from other railways given elsewhere:
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«C onsumption of Coal in 1882 and Petroleum Residuum in 1885
Inclusive of Kindling Wood, or Two Types of
Engines on Griasi-Tsaritsin Railway.

INonth.

<¥ anuary
Xebruary ..
IMarch

-August ....
SSeptember..
Qctober ....
-INovember ..
IDecember ..

*Total and av.
for 1 year.

Month.

January ...
February ..
March
April ......
May .....
June
July .
August ....
September..
October
November ..
December ..

Total and av.
for year..

Eight-Wheeled Engines—With Coal in 1882,

Aggregate
distance of

Aggregate unpro- Aggregate
distance ductive distance Petro-
run by run of run by leum

Average loco- loco- freight resid-
No. motives. motives. cars. uum,
in train, miles. miles. miles. 1bs,
38.82 41,296 7,003 1,294,696 98.33
34.21 37,444 5,770 1,082,924 86.91
33.41 20,881 1,95% 632,410 87.44
38.14 24,293 3,329 850,147 78.01
41,24 81,1456 4,757 1,170,956 70.62
40.53 37,620 4,907 1,321,836 73.04
43.64 29,749 5,802 1,045,201 71.74
39.99 38,751 6,028 1,308,734 71.28
39.64 56,586 9,298 1,866,171 76.26
35.13 71,041 11,891 2,981,474 77.06
36.56 70,466 12,648 2,114,172 92.54
34.00 52,763 7,166 1,416,010 99.82
87.61 511,935 80,565 16,184,730 81.43
With Petroleum Residuum In 1885.
Aggregate
distance of

Aggregate unpro- Aggregate
distance ductive distance Petro-
run by run of run by leum

Average loco- loco- freight resid-
No. motives. motives. cars. uum.
in train. miles. miles. miles. 1bs.
37.72 83,636 16,066 2,549,230 48.30
37.16 65,222 10,449 1,663,813 49,98
30.96 38,742 3,247 1,405,162 52.79
41.03 60,477 9,809 2,079,644 42.68
40.81 87,806 13,489 3,033,003 41.00
41.68 75,176 11,029 2,673,988 41.84
38.80 63,901 8,160 2,120,526 38.19
40.32 74,272 10,796 2,560,034 41.50
89.76 82,4156 13,241 2,654,637 41.22
37.61 101,253 15,468 3,226,698 47.74
36.24 82,346 16,434 2,388,761 42.95
34.86 63,468 9,482 1,881,136 54.19
38.08 868.712 137,670 28,566,665 45.83
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With Six-Wheeled Eng.nes—With Coal in 1882.

Aggregate
distance of .
Aggregate

Aggregate unpro-
distance ductive distance Petro-
run by run of run by leum
Average loco- loco- freight resid-
No. motives. motives. cars. uum.
Month. in train. miles. miles. miles. 1bs.
January ... 21.32 78,244 36,032 897,826 62.60
February .. 27.47 43,160 23,008 660,162 55.15
March ..... 26.52 27,742 15,337 329,249 62,73
April 28.69 657,514 22,497 1,004,129 53.84
May ....... 31.90 111,181 40,974 2,241,273 656.58
June ....... 30.74 147,720 48,638 3,043,384 57.46
July ...... 28.39 145,232 51,826 2,652,482 48.69
August 27.04 "152,659 52,697 2,703,476 49.88
September. . 28.93 143,000 50,112 2,693,239 55.49
October 23.30 163,442 53,837 3,101,778 62.29
November. . 21.60 159,669 43,640 2,508,388 63.88
December .. 20.04 112,118 36,081 1,617,773 68,37
Total and av. '
for year.. 26.32 1,341,681 474,679 23,253,148 57.26
With Petroleum Residuum in 1885,
Aggregate
distance of
Aggregate unpro- Aggregate
distance ductive distance Petro-
run by run of run by leum
Average loco- loco- freight resid-
No. motives. motives. cars. uum.
Month. in train. miles. miles. miles. 1bs.
January 22.14 114,192 46,062 1,609,006 34.43
February .. 22.01 89,648 37,618 1,148,066 34.09
March ..... 22.68 88,950 83,721 1,097,442 28.98
April ..... . 25.33 141,584 46,664 2,364,348 31,73
May ...... 28.49 179,872 65,985 3,246,008 29.88
June ...... 28.35 144,669 66,347 2,633,104 29.93
July ...... 24.77 131,341 48,001 2,064,742 27.67
August 28.27 128,569 46,677 2,315,644 28.76
September. . 31.89 130.846 46,088 2,708,087 32.07
October .... 28.04 126,623 38,266 2,448,912 35.66
November .. 21.41 119,788 36,258 2,451,678 35.74
December .. 22.15 92,361 34,171 1,287,898 38.18
Total and av.
for 1 year. 25.45 1,487,333 534,733 26,159,709 32.28

To illustrate the great improvements in the de-
sign of oil-burning locomotives made in recent years,
it will be interesting (for comparison), to examine
some of the earlier models.
of arch, ash-pan, and position of burner and brick
work as used by the Santa Fe Railroad. When first

Fig. 60 shows the details
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< Thanging from coal to oil, it was necessary to remove
T e grates and bearing bar, and to fit a pan below,
=x—dveted to the sides. This pan acted as a -bearing
K ©or the necessary brickwork, and was arranged to
=a_llow the air for combustion to pass through the

uRMAR /

4’/

.72 70

Fig. 60. Arch and Ash Pan Arrangement on Old
Santa Fe Oil Burning Locomotive.

brick work. The fire-box arch was built in front
of the flues, thus protecting them from the flame. The
burner was placed at an angle, to allow the flame
to strike below the arch.

The regular coal and water tenders-were used by
placing a specially constructed oil tank into the coal
compartment. A large rectangular tank with a com-
bined capacity of over eight tons of oil, was placed
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over the top, securely anchored to the tank frame.
The oil was heated by means of a heater coil. This
was necessary because of the low gravity of oil used
at times.

Fig. 61 shows the details of these early converted
tenders as used on the Santa Fe railroad. The cost
of converting these old locomotives and tenders aver-
aged about $350 each.

LIndigas

Fig. 62. Details of Modern Oil Burning Locomotive
Fire Box.

The improvements of recent years have abolished
the arch setting, as shown in Fig. 62; this also elimi-
nates the combustion chamber. The burner is re-
versed, and placed at the front end of the fire-box,
which is lined with fire-brick about 214 in. thick on
all sides except the back, where the wall is 18 in.
thick. The air for combustion enters at the bottom,
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and the admission is regulated by means of a damper.
It is led under a layer: of. fire-brick to the burner,
being heated by coming in contact with the hot brick.
The natural sweep of the gases carries them to the
back end of the fire-box, where they strike the heavy
fire-brick wall and turn back and up through the

-

Fig. 63. Semi-cylindrical Tender Used by Southern
Pacific Company.

flues, The cost of maintenance is considerably low-
ered by this arrangement, as the flame 'does not strike
on the tube sheet and the expense of rebu}ldmg the
arch'is eliminated. -

Fig. 63 illustrates in detail the seml-'cylmdrlcaL
tender and tank for oil burning locomotives used by
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the Southern Pacific Company. The tank is divided
into oil and water compartments, the former of 3300
gallons, the latter of 7300 gallons capacity. The length
outside is 28 ft. 6 in., width 9 ft. 4 in., height 6 ft. 5 in.,
these being measurements on the tank proper. The
radius of curvature of the top is 4 ft. 8 in.; the
lower part of the sides are straight. The tank is con-
structed of 14 in. steel, with lap seams, single riveted
with 34 in. rivets at 2 in. pitch. Manhole rings, and
the plate for the oil compartment, are of cast iron,
with openings 16 in. in diameter. The cover is
slightly convex in form, and is held in place by three
bolts having hand-wheel heads for easy removal. The
opening is provided with a six mesh strainer, 22 in.
deep, and tapering to 6 in. at the bottom. The interior
of the compartment is provided with lateral and inter-
secting splash plates, and with a steam coil of 1 in.
Ppipe on the bottom. A small coil of 5 in. pipe, in
series with the larger coil, surrounds the oil outlet, in
order that these tanks may handle the heavy oil of
XKern county. The outlet valve which discharges into
a 114 in. pipe, is controlled by a vertical lift rod at-
tached to a bell crank, the latter being connected to
another bell crank on the outside of the front head.
It is customary to connect the outside bell crank with
some point in the cab by means of a string, so that
in case of a break-in-two between engine and tender,
the jerk on the string, in conjunction with the spiral
spring above the valve, will operate to close the latter.
The vertical rod just beside the valve rod, and extend-
ing through the top of the tank, is a measuring stick.
The water compartment has the usual equipment of
splash plates and outlet valves, the latter being sur-
rounded by copper strainers, and discharging into 3 in.
pipes leading beneath the floor to the front of the
tender.

Some of these improvements and figures shown
are taken from data secured in Mexico. Oil has been
adopted as a fuel there within the last few years. The
arrangements shown are the results of careful investi-
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gations by the engineers, after a thorough study of the
most successful oil burning locomotives in the United
States and Europe. They are very similar to the ones
used today by the leading railways in the United
States now using fuel oil. The average cost of chang-
ing locomotives to oil in Mexico is about $500 gold.

To show typical operating conditions on railroads
at present burning oil, the author has gathered the
data presented in the remainder of this section.
Fig. 65 shows an interesting chart prepared by a rail-
way company giving the cost per mile for locomotive
repairs, and the consumption of oil during the same
period.

The front end design of locomotive has an im-
portant bearing on their economical operation, as the
forward chamber is in reality a vacuum pump, which
draws the gases and air from the fire-box and tubes
and discharges them through the stack. The vacuum
created depends upon the size and shape of the nozzle
used. The tests recorded below indicate the great
difference in efficiency which is secured with different
nozzles.

Evaporation

Nozzle. Draft per hour
Round ........ccvvveennnens 10.2 inches 43,702 1bs,
Rectangular ..........c..00.. 14.6 inches 49,284 1bs.
Elliptical ............ .00 19.6 inches 58,882 1bs.

The size and length of the tubes also affects the
amount of fuel consumed when coal is burned, the
longer the tube, the less the fuel used per square foot
of grate surface. But since the combustion of oil is
completed so much more quickly than that of coal,
when a coal-burning locomotive is converted to an
oil burner the area of the fire-box must be increased,
and the tubes shortened, to attain the highest effi-
ciency. With this arrangement the temperature of
the smoke box gases will be lower than that of the
steam, showing that the tubes are absorbing all the
heat units available. But in locomotives having long
tubes and small fire-boxes, the combustion does not
entirely take place in the fire-box, some unburned car-

"*‘3).\::)‘?)
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bon pasces through the tubes in the form «f smoke,
and as a result of the low temperature at the rear
end of the tubes, this is precipitated in the form of
soot. This makes necessary frequent sanding of the
flues to remove the soot, and also lowers considerably
the evaporation of water per 1b. of oil fired.

The accompanying report gives an interesting com-
parison between passenger locomotives and freighters
of the consolidation and mallet types.

Mallet
Consoli- consoli-
Class of engine........... 10 wheel. dation. dation.
Service .....iiiiiiiiiiiiiiia, Passenger Freight Freight
Date of test............cvuvnnn May, '08 June, '09 Nov. 09
No. single trips................. 2 2 2
Time of test..........ovvuuunnn 17hr. 39m. 21hr. 23m. 29hr. 2m.
Running time ................. 13hr. 56m. 12hr. 69m. 18hr.11m.
Miles run .........cciieiiiinnnn 315 174 174
Average steam pressure ....... 196.0 196.1 194.5
Smoke box tem. F.............. 797 738.5 451.3
Water evap,, gal................ 44147 48103 91087
Water evap., lb................. 367642 400858 7659058
Oil burned, gal..........ccocv.n 3951.6 4328.4 7692.1
Ofl burned, 1b...........co0uuun 31613 34627 616317
Evap’'n lb. water per 1b. oil... 14.14 13.95 15.04
Lb. water evap. per sq. ft. heat,
surf. per hr.................. 8.698 8.809° 6.392
Lb. oil burned per sqg. ft. heat,
BUrf ... it i i e
No. cars in train .............. 7 14.6 24.5
Weight train, tons............. 342 481 1066
Gross ton mileage.............. 107730 83694 183744
per hr........cciiiiieiinnns 0.749 0.761 0.518
Water evap. per 1000 ton mi,,
PEr hr. ...ttt 0.748 0.761 0.518
- PP 409.79 574.76 495.73
Water evap. per 1000 ton mi.,
......................... 3413 4790 4131

mi Ibs. ...l 34.90 48.40 39.61

.......................... 279.20 387.20 316.08
Boiler efflciency, per cent...... 73.84 72.83 78.52
Max. . hp. .......oiviviine, 1719 1470 2486
Mean . hop........oviiiniinnn, 1368 1222 2057
Engine No. ................. ... 231 2564 4001
Size cylinder, in................. 22x28 22x30 26 & 40x30
Diam. of drivers, in............ 63 57 87
Weight locomotive, 1b.......... 203300 208000 425900
Weight on drivers, 1b........... 160000 187000 3941560
Weight of tender, lb........... 138070 134745 169766
Heating surface, sq. ft......... 2994 3403 6394

Feed water heater, heating sur-
face, SA. ft...uoereereieenanne sonnee  aieaes 1221



CHAPTER IX.

OIL IN THE SUGAR AND RUBBER INDUSTRIES.

Sugar cane as grown in Hawaii, Mexico, Louisi-
ana, and the West Indies, is made into sugar by ex-
tracting the juice from the cane and putting it *hrough
the processes of extraction of the juice, clarification,
evaporation and separation of the crystals.

Analyses of the ripe cane gives the following aver-
age: Sugar, 14 per cent: water, 74 per cent; fibre,
12 per cent. :

This fibre or bagasse is used as a fuel, and in
many cases special furnaces are required in order to
obtain efficient results. To burn the bagasse direct
as it comes from the crushers, elaborate and expensive
arrangements were invented and placed on the market.
The planters would be obliged to make radical changes
in their plant equipment to take advantage of these
improvements and were content to pay a high price
for coal or wood. Fuel oil then came on the market,
and owing to its low cost was most welcome to the
planter.

Owing to_the condition of the bagasse the planter
was getting about two-thirds of its heat value, and
found it necessary to buy an additional fuel.

From the analyses of dry bagasse it will be seen
that there are sufficient hea* units to supply all of the
power required.
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The following table gives the analyses and heat
values of bagasse from different localities:

B.t.u. of 1b.

of dry ba-

Place. Moisture. C. H. 0. N. Ash. gasse.
Mexico ..... 49.10 43.74 6.08 48.61 157 8300
Cuba .......42.50 43.61 6.06 48.45 188 8240
Hawall .....44.20 44.92 6.27 46.50 .40 190 8380
Louisiana...51.80 8371

Only a small percentage of the plants in Hawaii
are required to use additional fuel. This is partly
due to the fact that the plants are more modern and
up to date than the plants in Mexico and Louisiana.
It is interesting to note that in the plants that do use
oil as an additional fuel require only from 114 to 2
gallons of oil per ton of cane treated, while some plants
in Mexico are using as high as 10 gallons of oil per
ton of cane treated.

From the following formula the approximate B.t.u.
may be calculated:

B.t.u. per Ib.of bagasse —8550F+7119?0_’66750G+972W

Where F = per cent fibre in cane, S = per cent
sucrose, G = per cent glucose, W = per cent water.

Reports from the Java fields show that with a
high dilution by maceration and heavy pressure the
bagasse furnishes all of the steam requirements with-
out the use of additional fuel.

In the Louisiana fields, where the cane has about
10 per cent fibre, and the average extraction is 75 per
cent, the bagasse has a value of 3300 B.t.u. as it comes
from the mill. Deducting the losses due to furnace
conditions, amounting to about 33 1/3 per cent, there
is only 2200 B.t.u. available for the generating of the
steam.

Assuming that it requires 115 horsepower for
each ton of cane handled in 24 hours, and that a 2000
ton plant requires 3000 h.p., and that only two-thirds
of the heat units can be counted upon, it will be seen
more fuel is required.

Now, then, how much oil will be required? Under
boiler plant conditions at a modern steam plant 1.28
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Ib. of oil are consumed per boiler horsepower—and
1000 additional horsepower being required, the amount
would be 128,000 Ib. at 8 1b. to the gallon = 16,000
gals., = 2000 tons of cane = 8 gallons of oil to one ton
of cane. This is a fair average of the Louisiana and
Mexican mills.

Figure 65 shows a Dutch oven front fitted to a
Babcock & Wilcox boiler, with the burner placed
through the front. This arrangement is giving excel-
lent results at Ingenio El Modelo, Vera Cruz, Mexico.

Some of the sugar mills divide the boilers into
bagasse burning alone, and oil alone.

Fig. 66. Dutch Oven for Burning Oil and Bagasse
Under B. & W. Boiler.

It is not necessary to have a special design of fur-
nace to burn fuel oil in conjunction with the bagasse,
the burner being placed through a hole in the boiler
front, above the fire doors, and pointed in such a po-
sition as to allow the flame to pass through the flame
from the bagasse. It should not come in direct con-
tact with the bagasse as carbon would form.

Some oil burners are installed at the rear end of
the furnace, the flame passing towards the front. This
method has been proven very satisfactory, especially
when arrangements are made for supplying an ad-
ditional air supply to complete the combustion of
the oil.
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In Mexico the guayule plant contains consider-
able rubber. After this plant has been treated, and the
rubber extracted, the refuse or bagasse is spread .over
the ground to dry, and is then used as a fuel. This
bagasse when dry has a large percentage of volatile
and combustible material, as may be seen from the
following analyses.

Fixed cArbon ........iiiiiiiiiiieteeeteeesanannaaannns
Volatile and combustibie material

Fig. 66. Babcock & Wilcox Boiler with Furnace
for Burning Bagasse or Wood with Oil

Owing to the poor facilities for drying and storing,
only a small percentage of the heat value is realized
when this fuel is burned under the boilers. If it were
possible to thoroughly dry this bagasse under prac-
tical and economical conditions, there would be suffi-
cient heat value in it to supply all of the power re-
quired at the rubber extracting plafit. But this is not
the case, and it is necessary to purchase other fuel.

The first factory to experiment with oil as fuel
in conjunction with guayule was at the Cia Explo-
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tadora de Coahuilense, S. A., Parras, Mexico. In
order to determine the economic results a series of
tests were conducted, first with coal alone, second with
oil alone, third with oil and bagasse, fourth with coal
and bagasse, fifth with oil alone.

This report shows the weights in kilos, as the
metric system is used exclusively n Mexico. The
results obtained during the test of oil and bagasse
were not as favorable as had been anticipated, although
the percentage of bagasse consumed was higher with
oil than with coal. Probably a higher percentage of
bagasse could be consumed after more experience had
been gained; and it must be remembered that the bag-
gasse as burned contained over 40 per cent water.

The increased percentage of boiler horsepower
with oil and bagasse over coal and bagasse was 20.8
per cent. This gain would warrant closing down two
110 h.p. boilers in a plant of the size of the one tested.
Further tests have not been made along these lines
because of the disturbed conditions in Mexico.



CHAPTER X.
SMELTING FURNACES FIRED WITH OIL.

Many difficulties attend the use of coal or coke
in reverberatory and roasting furnaces used for smelt-
ing and refining metal ores. If coking coal is used, the
volatile matter is quickly driven off, leaving a heavy
bed of slow-burning coke. Ordinary coal reduces the
atmosphere of the furnace at each charge, producing
a period of incomplete combustion, during which no
sulphur can be oxidized by the oxygen of the air. This
feature is particularly undesirable in reverberatory
furnaces in which copper ores are treated. If pulver-
ized coal is used much difficulty is encountered in reg-
ulating the proper amount of air. Trouble is also
caused by the settling of ash and unburned fuel on top
of the charge and by the clogging of the flues.

The use of fuel oil obviates all these difficulties,
for when the fires are regulated, the flame is clear and
steady, the furnace temperature even, and there is no
smoke or soot. This desirable condition may be main-
tained for weeks, allowing the sulphur in the ores to
combine with the oxygen of the air at all times. Other
advantages accruing from the use of oil fuel in rever-
beratory furnaces are its cleanliness, low cost of hand-
ling, freedom from sulphur, and the increased capacity
of production made possible by its use.

The following table shows a record performance at
the Steptoe plant, McGill, Nevada, on December 17,
1911:
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Record of a Run of Reverberatory Furnace and Analysis of

Charge.
Total charge per furnace day, tONS........eevvesrevneonnonas 666
Oil fired per furnace day, bbl.......covveverenennsnnrenennnan 421
Coal equivalent of oil fired, ton8........0c0vvvvernnn Ceeccennees 124.00
Total charge per bbl. of oil, tons. ........ccvvitiieinnnnnnnnn. 1.58
0Oil, bbl, per ton of total charge ..........coevevevunnnnnnnns . 0.63
Equivalent gross coal, as percentage of total charge........... .. 18.60

Components of Charge as Percentage of Total Charge.

Caleine ...vveiieiucnrentiniriatitiottteieaaaanan ceseesases 60.1
B LT T T vee.. 16.8
Converter hot 8lag8 ....c.vcevveeerenancnnaanns ceeeene es eesss 9.0
Fettling ........ sessnuss F T T T P U 8.0
Limestone ........ccovieeeerenorosenssonnerasnsnassans ceeceees 9.6
Flue Dust ......cciveieetireenensonrncecoscncnons cesesessss 0.6

CU L iiiiiiii ittt it ittt et sanne 0.40

1 0 Y cesessenne 44.00
Fe ..... e cessevesssscnssanee cesesns .. 84.80
CR0 ittt ittt i et et esesietansennantans 8.60
IS Lo T et ettt et e e, 7.40
Oxygen rateB ........eeeerennns Ceteeeatetanrreaersaantoaan 2.72
Grade of matte, per cent Cu.......oveceveeerccecconanens vess. 40.40
Draft. Water inches.
Bridge ..vvvvventoetereressontensseasscsntossasassssssansnssa 0.85
Throat ......coeevesneecnenrnsnneanne sasesesssasersersasnnas 0.88
Stack ..ovivieitiieiateniens ceeeees ceecsescetraacsnens PRI 1.26
Temperature of verb, degrees F........ciieerievcnncsnnes ceesee 1010
Infusibility factor of calcine .........cc0veeveranane teesieccnan 1.5

Burners, large Steptoe, high pressure ..........cc00ceeens cesssons 7

In addition to these many inherent advantages,
great economy can be attained by the use of a waste
heat boiler in conjunction with oil firing, savings of as
much as 50 per cent of the fuel having been recorded
by this device.

Fig. 67 shows the plan of such a furnace at Can-
anea, Mexico; the records of a typical run in this fur-
nace show that during a period in which 8140 tons
of material were handled, 7003 bbl. of oil were used, of
which only 3901 bbl. were chargeable to smelting, the
remaining 3102 bbl. being recovered in equivalent
steam.

The attached table shows typical operating con-
ditions of two reverberatory furnaces:
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Details of Modern Reverberatory Furnace Smelting imn America.

Number of Furnaces.......
Average tonnage per day....

Steptoe (McGﬂl)
Cananea
(Mexico) (Coal) Fired (0il) Fired
[

192.8 289— 322—
(174.4 ;I‘.M.) (216.8 T.M. ) (292.1 T.M.)
to!

Average weight of Charge.... 73 to ns 14 tons vn.r 14 tons (var.)
(6.8-8.2 T.M.) (12.7 T.M.) (12.7 T.M)
Average tons charge per ton
Fuel ....co00vven cesene 5.86 8.24 5.80
Average temperature of charge
entering furnace....... ... 500° to 5560°F 6500°F aj ‘Pg 500°F
(260°-288°C (260 260’0)
Kind of Fuel used....... ‘oo Cu)itonbigl Crude ornia Crude
i
Clnru:0 tfr h:)f ((Jlliux)e: 50.09; 01.8 o
alcine Ot) coveeenn .09, 1.89, 56.89,
Calcine (Cold) .......
Flue Dust ........... . 50.00 1.2 1.4
Conv. 8lag ........ cees 9.8 7.1
8econdnrles (Cold).. e 12.6 15.2
Flux and Fettling Oreu
(Cold and Wet).... cens 16.2 19.6
Dimensions of Hearth...... 100’ x 19’ 120’-10” x 19’
(80.48 x 5.79 m) (86.88 x 5.79 m)
Dimensions of Fire Box.... None None
Top of Grate Bars to top of
Bridge .......c0c000000 None 88-1-4"
(84 cm)
Top of Grate Bars to under-
side of Roof .......... None 85-8-8""
(217 cm)
Height of “Verb” or Vul-
catory above Skim Plate.. 86-1-2” 86"’
(98 cm) (91 cm)
Dimensions at Throat of
Furnace ......ccveuavee 7 x1’-9"” 6’-10”" x 8’
(2.18 x.58m) (2.08 x.91 m)
Dimensions of flue beyond
Throat (damper flue).... 7 x 6’ (Not @Given)
(2183 x 183 cm)
Draft in inches of water at
Bridge .............. . (No data) .27-.8"
(.6 cm-1.8 cm)
Draft in inches of water at
Throat ..eveveveveeenns .18" 1,27 9"
(.38 cm) (1.78-8.06 cm) (2.29 cm)
Draft in inches of water—
Main Flue beyond Boilers. .9” 1.25”
(2.29 cm) (8.18 cm)
1156 sq. ft.
Dimensions of Main Flue... 10’ x 12’ 29’-8"" x 8'-6""
(3.04 x 8.66 m) (8.91 x 2.59 m)
Dimensions of Chimney..... 187/ x 12’-6” 800’ x 15’
(67.x8.81m) (91.44 x 4.67 m)
Helgbt of top of Stack above
rate o.ocecevcceneaes . 198’ 816’-912”
(60.85 m) (96.55 m)
Temperature of Gas at Bridge 2700°-2800°F 2700°-8000°F (Est)
(1482°-1538°C) (1482°-1649°C)
Temperature of Gas at Throat 2300°-2400°F 2200° F. (npprox.)
(1260°-1816°C) (1205°C)
Temperature of Gas at Far
Side of Boilers ......... 500°F 800°F (ug)rox)
(260°C) (427°
Average Bofler h.p. per Fur-
nace from waste heat .... 971 h.p.* 486 h.p. 682 h.p.
(984 C.V.) (498 C.V.) (641 C V)
Per cent Fuel recovered as
steam ........ sesesese 56.62 82.8 83.8
Per cent Fuel recovered from
ashes .............0000 None 5.05
Ratio of Concentration...... 4.96 8.31 8.40
Tons charge per million B.t.u, 0.1574 0.122 0.171

*Economizes are installed

at this point beyond bollers.
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The use of fuel oil in blast furnaces presents
much more serious difficulties. In the process of smelt-
ing with these furnaces, solid carbon plays a very im-
portant part, both mechanically and chemically. The
lumps of coke used serve to keep the charge from be-
coming too densely packed, thus permitting the hot
gases to penetrate more freely; and the incandescent
carbon performs certain chemical functions which need
not be discussed here. Thus coke or charcoal cannot
be entirely replaced by oil fuel in the blast furnace;
and while a few experiments have been conducted, with
economical results, in which oil and coke have been
used together, much difficulty has been encountered
in the slagging of the furnace tuyeres.

These tests were carried out without radical
changes in the construction of the furnace; coke was
used in the ordinary way, and the oil was injected at
the tuyeres with a hot blast. Other tests have been
made with specially constructed furnaces, in which
the oil is supposed to be converted into a gas at the
mouth of the tuyeres by means of elaborate atomizers,
the combustion taking place in the channels leading
to the tuyeres. These experiments were carried on
with high gravity oils; and while the results were sat-
isfactory from the chemist’s standpoint, the expense
was too great to make the method commercially prac-
ticable.

Another difficulty in the way of using oil as a fuel
for blast furnaces lies in the fact that if the burners are
placed in the bottom of the shaft, the burner tips will
soon be melted off. The operation at the start may be
perfectly satisfactory ; but as the temperature increases
the zone of fusion is lowered, the molten metal cannot
withstand the great weight of material in the shaft
above it, with the result that it is forced down unitl
in contact with the burner tips, with the result that the
latter are burned off. Even if this extreme difficulty
does not arise, the sagging of the charge is soon great
enough to close the air channels upon which the oil
depeénds.
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There are at present two reverberatory furnaces,
19x12, constructed on a concrete base, 3 ft. 6 in. thick,
on top of which are 24 in. of silica. The walls of the
furnaces are made of silica brick 2 ft. 10 in. thick,
outside of which are 5 in. of fire clay brick.

These furnaces have shown a capacity of 400 tons
per day of 10 hours, making 40 to 42 per cent of matte,
the slag averaging from 43 to 45 per cent SiOs, 28 to
30 per cent Fe, and 7 to 10 per cent CaO.

Three oil burners of the Steptoe type are required,
the oil being atomized with air, supplied by two Root
blowers, having a capacity of 3600 cu. ft. per minute
at 48 oz. pressure.

Two charges of 515 tons each are dropped in the
furnace every 30 minutes without interfering with the
operation of the burners.

The draft is regulated so as to have the flame
reach the middle of the furnace, the shaft readings in
inches of water being 0.2 at the doors, .08 at the throat,
1.6 in the main flue and 0.9 at the base of the stack.

The oil consumption per furnace is from 12,500
to 13,500 gal. per day when smelting from 350 to 400
tons of charge.

The gases from the furnaces pass into a silica
brick flue, 8x19 ft., and are then distributed to a bat-
tery of Sterling waste heat boilers. There are six
boilers, five of which are in use when the two furnaces
are in operation.

A thermal efficiency of about 35 per cent is ob-
tained in steam from the oil burned in the furnaces.

At the El Paso smelter oil is used as fuel in the
reverbatory furnaces. They are 19x100 ft., and have
a capacity of about 350 tons per day. The burners
are “Home-Made Type,” and from general appearances
are not very efficient. No data could be obtained re-
garding the oil used per charge. '

The matte averages 42 to 45 per cent copper, and
has run as high as 55 per cent.

Fettling of the reverbatories is done with high
silica, copper sulphides, ores averaging 70 per ‘cent
S0, 2 per cent Fe, 3 per cent S, 7 per cent Cu. The












114 INDUSTRIAL USES OF FUEL OIL

in which this cheap fuel could be used, one of the
first of these experiments to come to the attention of
the writer was conducted at Los Angeles by Mr. E.
Riverall. Fig. 68 shows sectional views of his fur-
nace for smelting ore with oil.

The ore and flux are introduced through a charg-
ing door directly under the stack, and pass down the
inclined bottom of the furnace, the molten metal and
slag being collected in the crucible at the lower end,
from which they can be capped off. The oil is intro-
duced with steam, through a number of jets placed
on the top of the furnace as shown. The furnace de-
scribed is 40 ft. in length and 2 ft. in the clear, inside.
The inventor points out that during the past decade
numerous attempts have been made to accomplish this
process. It is true, pig iron has been secured by ex-
perimenters with oil as fuel, but in no case has more
than 150 1b. of the charge been reduced at one time,
and even then coke or charcoal had to be introduced
to the extent of 10 per cent, or thereabouts, in order
to bring about the necessary chemical reaction. Here-
tofore all effort to produce this important material in
commercial quantities, using only crude oil as fuel,
have failed, becaure of the apparently insurmount-
able difficulties in the way. Chief among these was
the getting rid of oxygen in the iron ores, and the
application of the heat directly upon the entire body
of the ore to be reduced. This process is both simple
and inexpensive, being less complicated than the
cupola or upright smelter, and requiring none of the
cumbersome machinery incidental to the hoisting of
both ore and fuel to the top of the flue.

On August 19, 1902, Mr. Riverall made = trial
run in his 50 ton experimental smelter at Tropico,
Los Angeles County, California, in the presence of
Prof. Joseph Kirkham, general manager of the Pacific
Art Tile Works, and several other responsible per-
sons. For more than half an hour molten metal ran
out in a steady stream, and then the furnace was shut
down, as its success had been demonstrated to the
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As may be seen by reference w STEWIRG. v
plete combustica is accormlished helfore the nel o
ters to the cupoia. A small combaston chamber o
one side is cperated by cne burner. the fame of whrh
attacks the charge at the hase of the shaft. Um the
opposite side is a larger chamber, operated with two
burners projected at angles, the top burner beiny
pointed downward towards the bath and the side
burner pointing toward the bottom oi the shait. \With
the former burner operating alone, the metal can be
kept fluid until ready for pouring. In this manner the
heat is concentrated at the “fusion zone.” No trouble
has been encountered as a result of the charye talling
down, as the heat is concentrated at one puoint, awl
the material does not become fluid until it passes the
fusion zone. It will be noticed that the furnace in-
clines slightly towards the pit or bath, from which the
metal can be drawn off as required. In operating the
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furnace is first brought up to the required tempera-
ture, all burners being used. The air required for the
blast is furnished by means of an electrically driven
No. 4 Root blower, an air pressure of 8 oz. being used
while heating up the furnace. After about 40 minutes
the charge is introduced in the regular manner, and
the air pressure increased to 14 oz. The tempera-
ture of the furnace can be easily regulated; white
cast iron requires about 2100 degrees F., and gray cast
iron about 2300 degrees F. The capacity of this fur-
nace is 4 tons per hour; the amount of oil consumed
is 20 gal. per ton of castings. The operation has been

o
Fig. 69. Buchholtz Furnace.

completely successful, melting each day the amount
of iron required. Not only is money saved, but val-
uable space and labor as well. The molders do not
have to wait for a heat, for by the use of the auxiliary
burner the charge can be kept ready to pour for many
hours.

Table of Determinations.

Oil as Fuel.

. Per cent
Stlicon (S1)....v.iviiiiiirniiiirinnenaennns et 2,27
Graphite carbon (C) .......iitiieiriiieneroncssseannnnes 2.61
Combined carbon (C) .51
PhoSpPhOrus (P) .....cevtteriernereressacstsssnnnasaannas .18
SUIPNUr (S) ..vveerirreerreeioneeossennssosssssssssssanns .069
Manganese (MIN) ........ccoeteeernassocsnscsoscsssansnns .57

Coke as Fuel.
Per cent.
Silicon (Si) ...iiiiiiiiiiiiii i i ittt itaetteiaaans 2.46
Graphite carbon (G)......cvviriiiiiieieninenroncncassanas 2.41
Combined carbon (C) .. ..vuttitiiinreirennnnnassesnnonanss .36
Phosphorus (P) .79
SUIPhUr (S) . .vvtiiiriiiintineeneessennssnasnssosnssans é%l

Manganese (Mn)
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The above zma’vaes. made br Smith. Emerv &
Caompany. chemical. mspection. and testng engineers
of San Francisco. show cieariv that the gqualitv of
the cast Ton prodnced by the il operared furnace
berter than thar prodnced by the coke fired furnace.

The praphne and combmed carbon m the coke
operated furmace 1otais 277 per cenit agamst a
total catbon of 32 per cemt iIn the ol oper-
ated fornace. or approximarelv 10 per cent increase
m carbon. The decrease of snlphur in the oil oper-
ated fornace 3= also Important. being less than
one-hali that of the coke operated fornace. Sal-
phur canses the catbhon 10 ake the form of combined
carbon : mcreases hardness. brittleness. and shrinkage,
and also has a weakening effect. When silicon iz below
1 per cent. even 0.06 per cent snlphur makes the iron
dangeronsly brittle. The advantage of low sulphar
and high silicon iz thns apparent.



CHAPTER XI.

METALLURGICAL AND SHOP FURNACES.

Scientists and engineers have for many years been
searching for a cheap and clean method of refining ores
and bullions.

Electricity was at one time looked to for the solv-
ing of this problem. A great many economical re-
sults were obtained by the use of electricity, but to
buy or generate electricity at mining camps or small
shops was out of the question. For commercial use
it was found to be too expensive.

From the results that are being obtained with fuel
oil it will tend to prove that the fuel problem has been
solved. Furnaces have been designed to meet the
requirements in every case where an ore or metal is -
to be melted and refined. Muifle types of furnaces are
used where the flame or gases would be injurious to
the metal treated. For the assayer who may wish to
do more than one class of work at a time, the three
muffle furnace has been devised. Here he may do
crucible work or melt in one muffle, scorify in the
second, and cupel in the third. Or only one muffle
may be used.

Some of the results obtained by mining companies
were most gratifying. One report is as follows:

“We have made one more melt with about the
same results as we go in the test run. We use for
a melt 550 lb. of precipitate, yielding about 6300 oz.
metal (975 fine Au. and Ag.), 20 gal. of oil against
1000 1b. of coke at $16 per ton; oil at 15¢c per gal. at
the plant. The slags from the coke furnace used to
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This type of furnace can be run 8 hours on less than
20 gal. of oil. The furnace illustrated is designed to
use compressed air for atomizing, for where riveting
is being done, compressed air is generally available. In
operation, the furnace is first started and thoroughly
heated. Then the oil is shut off and about 12 or 20
rivets are thrown in, depending upon their size. The
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Fiz. 73. Rivet Heating Furnace.

rivets must not lie in a heap, but be spread over the
bottom of the furnace. The oil is then turned on, and
in a few moments the rivets will all be heated to a
uniform temperature. When they are driven they will
thicken up and fill the hole, and the head and back
will form squarely over the rest of the rivet. Being






124 INDUSTRIAL USES OF FUEL OIL

ments, the heating chambers being separated by a
solid fire brick wall in such a manner that each cham-
ber can be heated entirely independently of the other.
At the side of the heating chamber is the combustion
space, into which the burners fire. The heat passes
from this space over a bridge wall and along the arch
of the heating chamber. Circling this arch, the heat
is . drawn across the hearth and into the flues, which
criss-cross under the hearth, thereby heating the floor
of the furnace from above and below, and saving some
of the waste heat that would otherwise have been lost.

In the main flue is located the air blast pre-heater
pipe; the air passing through this pipe is pre-heated
to almost the flue temperature. This effects an econ-
omy of fuel, for it lowers the temperature of the gases
leaving the furnace, and returns to the furnace a large
amount of heat which would otherwise have been
lost. The working openings are covered by heavy fire
brick doors, encased in cast iron frames flanged and
ribbed to prevent warping and cracking. These doors
are raised and lowered by a direct counter-balancing
' arrangement, operating on roller bearings, and when
lowered are held firmly against the furnace front by
- door checks. An opening with a cover is provided in the
. door for a peep-hole. This furnace is properly de-
signed for all classes of heat treating, as it amounts
to a semi-muffle furnace. It gives an even heat
throughout the chamber, without any danger from ox-
idation. Suitable pyrometer holes are provided in the
walls and arch. No stack is required, and either oil
or coal may be burned.

Fig. 75 illustrates a portable semi-muffle furnace
for annealing or general hardening. It is mounted on
a self contained oil burning system, requiring only a
small amount of compressed air for operation. This
air is used to force the oil to the burner, and also con-
stitutes an atomizing agent for the oil. Self-contained
furnaces of this type are installed in shops where the
work does not warrant the installation of a complete
oil burning system.
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jobbing class. Most of the large manufacturers, ex-
cept the rolling mills, use oil on account of the great
speed of melting possible with its use, and in this
connection it should be noted that the open flame, oil
furnace seems to come nearest to meeting the needs
of the large manufacturer who must melt large quan-
tities of red brass.

A reverbatory furnace 5 x 24 ft. was brought to a
temperature of 2700 degrees F. with 2.8 gallons of oil.

Wagon tires from 2 in. to 4 in. wide require about
5 gal. of oil per hour when treating 30 tires.

In a crucible furnace, three 150 1b. pots were
brought to a temperature of 3200 degrees F. with §
gallons of oil. A brass furnace melted 40 Ib. of brass
in 30 minutes on 6 1b. of oil.

A forging furnace has handled 1 ton of material
ready for the hammer on 22 gallons of oil. This was
average shop work.

A bolt heading furnace turned out 600 134 in
bolts per hour on 6% gallons of oil. The bolts were
6 in. long, consequently the fuel consumption was
only 104 gallons of oil per ton of material. The
same furnace, operating two machines, heated 34 in.
bolts at the rate of 1380 per hour. A large rivet heat-
ing furnace has heated 600 rivets an hour on a con-
sumption of 3 gallons of oil, and an annealing furnace
treated 1 ton of material on 10.5 gallons of oil.

In an air furnace, the time of getting out a heat
was greatly reduced, and the capacity of the plant in-
creased by the use of oil. One malleable iron foundry
which used 1000 lb. of coal per ton of iron and took
ten hours to a heat is now using 50 gallons of oil per
ton of iron and running heats in less than five hours
In general blacksmith practice at the Mare Island
Navy Yard an economy of 60 per cent in fuel cost
was effected, 40 per cent more work was done by the
same number of men with oil instead of coal fuel. A
piece of armor plate 10 ft. long, 4 ft. 6 in. wide, and
6 in. thick, was heated in eighty minutes, the job
requiring eight hours when coal was used as a fuel
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Average Results With 01l in Tilting Furnaces.

Material. 0z. Heats Ofl per
Welight. per day 100 1bs.

White cast fron ...... 360 4 2% gals
Gray Biron .......... 350 4 21 ¢
Copper ...........o..n 460 65 1% «
Gun metal ........... 450 7 1% ¢

Red brass ............ 460 6 2 “..
Yellow brass ......... 460 8 2 “
Steel .............0... 132 3 14 o
Nickel ................ 114 4 13 “
Maleable fron ........ 170 4 6 “
Aluminum ............ 500 . 1%
Silver ................ 1000 1 o

The f{following report was taken from “Brass
Furnace Practice,” issued by the U.S. Bureau of Mines.
This is a complete report showing the operation of
various furnaces with different fuels:

Heating Values of Fuels Used in the Foundry.

ro B.t.u.
Coke, anthracite coal, bituminous coal.......... per 1b. 13,000
Fuel ofl ... ... i i i it e it tiieans per 1b. ¢19,000
Natural a8 .......coovitiiennuineeenennnnnn «...per cu. ft, 1,000
Clty €88 ...ttt ittt ianennnes per cu. ft. 625
ProduCer gaS .......eottttvrrnnnnneenennnnnns per cu. ft. 120

Quantities of Different Fuels Required to Heat 1 Hundredweight

of Brass to Pouring Temperature.
Percentage
Fuel of theor-
required etical
per 100- heating

Fuel. Type of furnace. weight. value.
Pounds
CoKe.....oovvnnnnn Forced-draft tilting ...... 13 16%
CoKke...oovovvvnnnnn Natural-draft pit ......... 133 1%
Anthracite coal... Natural-draft pit......... 25 12%
Anthracite coal... Forced-draft pit.......... 126 - 13/8
Bituminous coal.. Forced-draft reverberatory 18 11
Bituminous coal.. Forced-draft reverberatory 88 21
Gallons.
Oofl................ Reverberatory ............ 1.11 16
Ofl......oovvvinnn Square-pit ............... 7.8 2%
Cu. ft
Natural gas....... Open-flame ............... 200 13
Natural gas....... Tilting crucible........... 480 7%
City gas.......... Pit .. ittt 256 16
City gas.......... Pit ... i i, 660 6%
Producer gas..... 0 PN 3,600 (]

Pyrometers are of great value in connection with
the heat treatment of steel or other metals, as they
make possible the accurate determination of the high
temperatures encountered. When heating for harden-
ing, the temperature can be maintained steadily at the
point which has given the best results in practice. The
correct hardening temperature for any carbon steel can
be determined accurately by the use of a pyrometer.
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Cemparative Results With Coke Furaace and With 01l Furnace,

Coke furnace. Oil furnace.
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Per Per Per
H. M. Lbs. cent. H. M. Lbs. cent. cent.
1 46 1,003 0.4
Y vee ves 1 20 1,000 1.0 0.7
2 30 212 0.2 1 256 1,000 0.8
2 b 842 4,1
2 i 3 45 207 7.0 1 30 840 6.3 5.2
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