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PREFACE
THE great expansion which has occurred in the adoption

of oil for power production during the last few years

appears to call for a work of small but comprehensive

dimensions, which, while covering the scope of the

subject in a general manner, does not aim at entering

into great detail on its many and complicated aspects.

It is believed, however, that the engineer, the ship-

owner, and the industrial user of oil for power production,

as well as for heating purposes, will find this modest

work of considerable utility. The economic advantages

of oil as compared with coal have been fairly widely

traversed under the respective adaptations, and these

will be an admirable guide to those who are doubtful

on this point.

I have aimed at providing a concise treatise suitable

both for the uninitiated and the experienced user, and

have selected those data and descriptions which appear

to me to fulfil this idea.

S. H. N.
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OIL POWER

CHAPTER I

INTRODUCTION

SINCE the outbreak of the Great War the provision of

cheap fuel supplies has been the chief problem of this

country, and economic conditions have arisen which

appear to have made the probability of a return to

these somewhat remote. These conditions have, how-

ever, been responsible for the great extension which has

occurred in the adoption of oil for power production and
have brought the price of coal and oil into close approxi-
mation. Indeed, if all the economic advantages attain-

able by the use of oil be taken into consideration, the

price of the latter is lower than that of coal when used

in the internal combustion engine. This state of affairs

has been an unprecedented opportunity for oil, and the

great restriction in the supplies of coal compelled fuel

users to resort to that description of fuel of which large
and comparatively cheap supplies are available. The
relative position of these two forms of fuel at that time

was such that it constituted a serious problem for this

country.
The superiority of oil over coal in many directions has

been confirmed over and over again, and it may be

asserted without fear of contradiction that oil must be

counted as one of the chief factors in the success of our

arms on land as well as on sea in the recent European
conflict. Viewing the future in its broad aspects,
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another assertion may be presented, with equal

assurance, namely, that oil will play a very prominent

part in the ultimate result of the commercial and

industrial struggle which is now only in its initial

stages.

The vital point on which this more extended develop-
ment is dependent is that of supply. There have been,

from time to time, assertions made casting doubts

on the continuation and expansion of petroleum pro-
duction. Many years ago, a similar attitude was

adopted towards the matter of coal supply, and one

recalls Jevons' well-known treatise on the coal question
and the gloomy predictions he uttered in regard to the

not far distant exhaustion of Great Britain's resources.

He did not, however, allow any margin for the discovery
of new seams and deposits, and precisely the same
attitude is taken up by those who prophesy that, taking
into consideration the progressive increase in consump-
tion, the crude oil supply of the world will soon give

way under the strain. All calculations, which must,
of course, be of quite an arbitrary character, do not, and

cannot, take into account the discovery and opening

up of new deposits.
An important aspect of petroleum production is that

the actual output is by no means representative of the

potential production of a large number of the wells

drilled and yielding. Especially is this the case in

Mexico, Persia and one or two of the prolific American

fields, the producing capacity of many of the wells in

these fields being so great that transport facilities are

not sufficiently extensive to handle the enormous

quantities available, and the wells have to be

capped and the oil drawn off as required. When
one considers that many wells brought in, in

Mexico and elsewhere, yield 100,000 and 200,000 barrels
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a day, and that the provision of storage facilities

alone for such huge quantities would involve an

extraordinarily large capital expenditure, apart from

the fact that existing transport facilities are not in any
way equal to dealing with such quantities, it will be

recognized that potential supply must be far ahead of

actual supply, and that present output does not represent
the amount of oil in sight. Moreover, there has occurred

no period in oil history in which a shortage of supply
has been known, at any rate, due to the failure of the

sources of production. Whenever a shortage on the

markets has happened, it has been attributable to

factors other than production available. The progress
of petroleum engineering has in itself conserved an

enormous amount of oil which in previous years has been

wasted, and, although wastage on the fields has been

reduced, there are still many directions in which

economies are necessary, and will, undoubtedly, be

introduced.

Let us review briefly the fundamental factors in this

question of supply. Economies to be effected subse-

quent to the raising of the oil are merely contributory ;

the most important aspect of the matter is the duration

and extension of the natural resources available. Oil

as a commercial product has been in existence for little

more than fifty years ;
its recognition and application

as a power producer has a history of only half that

period. It is this latter development which has deter-

mined the great increase that has occurred in oilfield

exploitation and supplies. During the past twenty

years quite a number of new prolific sources of supply
have been added to the list, and it may be advisable to

set these out in some detail in order that a more stable

perspective may be gained of the question as a whole.

In the United States, the pioneer and premier of
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petroleum-producing countries, we have the following
remarkable record

PRODUCTION IN 1,000 BARRELS
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years, and do not take into account the established

sources of supply which have, in many cases, shown

considerable expansion and are capable of being more

widely extended. In addition to these, however,

there are known deposits of unestimated yield which

have either been but slightly tapped or have, up to the

present, remained untouched. Among these are the

vast oil-bearing tracts located in the South American

Republics ; the unexploited districts of Russia and the

extension of those already opened up ;
the numerous

undeveloped resources of the British Empire, of Mesopo-
tamia, of China, of Madagascar, and Algeria, and in

addition there still exist as yet untouched the bituminous

shale deposits of France, Serbia, Spain, New South Wales,

New Brunswick, Nova Scotia, etc.

In the year 1910 the world's crude oil production

amounted, in round figures, to 327,500,000 barrels
;

in 1921 the output had increased to approximately

760,000,000 barrels, showing, as between these dates,

an advance of over 130 per cent. The figure for the latter

year must, of necessity, be approximate, inasmuch

as it is possible only to include Russia, Rumania and

Galicia as estimates. A table is given on page 6 of the

crude production of the world's oilfields for the years
1910 to 1921 (1

on 1,000 barrels).

It is interesting to note that of the total increase

between the years 1910 and 1917 more than two-thirds

were derived from the four new large sources of supply,
which were brought into substantial production during
the last twenty years. At the same time, the European
fields were practically eliminated from the world's

supply though their capacity of output, which was being
more thoroughly exploited before the war, remains, as

far as one knows, of the same extent. Another feature

which has an important bearing on the fuel question is
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Thus from these fields alone the supply of fuel oil

amounts to a total of 250,000,000 barrels or, approx-
imately, 34,444,000 tons, a provision which is being

extensively increased every year. These figures can

only be estimates, though they give some idea of the

available supply, while another 50,000,000 barrels, or

about 7,000,000 tons, may be relied on from the fields

not included in the above table. The oils from the

fields detailed above are also those possessing the highest
calorific value among the world's petroleums, a feature

shown in the following table

California . . . 10,400
Mexico . . . 10,500
Texas.... 10,700
Borneo . . . ! 10,460
Oklahoma . . . 10,800

Calories. B.T.U.

18,800
18,900
19,242
18,831

19,400

Apart from the advantages of oil over coal in

numerous directions, its calorific value is considerably

higher. For instance, the best South Wales steam coal

yields only 15,000 B.T.U's. per lb., Yorkshire coal

14,500, while other English coal of high grade yields

only from 11,000 to 14,000 B.T.U's.

The crude petroleums obtained from the various

fields differ considerably in character. These may be

divided into two main categories those having a paraffin
base and those having an asphalt base. The former

are the more valuable crude oils, possessing a larger

proportion of light products ;
the latter yielding smaller

quantities of these and a large quantity of heavy oils.

The crude oils, from which a high precentage of light

products are obtainable, are worked for securing these,

their market value being greater and more profitable
to the producer. These paraffin crude oils found
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chiefly in the Appalachian and Mid-West fields of America,

in Rumania, Galacia, Russia, and one or two other

sources, are so rich in the more valuable products that

the residue suitable for fuel oil is not sufficiently plentiful

to be regarded in the refinery. It is, therefore, to

the younger fields that we must turn for supplementing
our supplies of fuel oils suitable for burning under boilers

and for the Diesel type of engine. Outside America,
which provides nearly 70 per cent of the crude oil of

the world to-day, there are few prolific deposits the

crude oil of which is capable of yielding large quantities
of the lighter products. I am not speaking of the

percentage yield of the oil itself, but of aggregate

quantities. The deposits of Pennsylvania, Ohio and

West Virginia, the richest oils of America, are all indicat-

ing the approach of exhaustion. The output of Pennsyl-
vania in 1919 was little more than one fourth of the

figure representing production in 1882
;
Ohio shows a

decline to one third of its output of 1896
;
West Virginia,

a decline to approximately half of its output in 1900,

while in each field the decline is marked by a consistent

downward gradient. On the other hand, the fields which

register an upward movement such as California, Texas,

Oklahoma, Kansas, yield crude oils from which a com-

paratively small proportion of lighter products are

obtainable. The crudes of Mexico and Persia, the two

younger and most prolific fields, fall under a similar cate-

gory ; they are essentially fuel oil petroleums. When,
therefore, we hear alarmist reports of the possible

shortage of supply, it is apparent that no discrimination

has been exercised in studying the question, for a

comprehensive survey of the position, of the unexplored
and unexploited lands, of the possible extension of

developed areas as well as of the potentialities of fields

now producing, leads one to the belief that the oil
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deposits of the world have not as yet reached anything
like their capacity of output. If these critics asserted

that the deposits of crude, from which a large per-

centage of the lighter products were obtainable, were

showing signs of exhaustion, they would have a certain

amount of evidence on their side
;
but to bulk the whole

oil resources of the world together, irrespective of

description, not only is erroneous but displays an entire

ignorance of the subject. For after all it is the deposits
of crude oil which are the essential factor, and these are

still in their infancy from the production point of view.

An illuminating fact on this aspect of the matter is

that of the oil lands of Mexico, which cover an area of

230,000 square miles, only 800 square miles having been

exploited at the present time. Similar conditions

prevail in other fields, though not in many cases to the

same degree, but it may be asserted that there exists

as good ground for a belief in the unreliability of coal

supplies as for the uncertainty of oil supplies. It may
also be contended that the wastage accompanying the

working and distribution, apart from the actual burning
under boilers, of the former is equally as great as the

latter. Furthermore, the methods of winning, raising

and transport of petroleum appear to offer greater

possibilities of economy than those associated with coal,

and many improvements have been introduced during
the last ten or fifteen years which have undoubtedly
conserved the oil resources of the world to a considerable

extent. This movement is still in progress and methods

will continue to improve, eliminating still further the

wastage attending the production, transport and

storage of oil.

A highly important experiment has been carried out

in the oil fields of Pechelbronn, which may open up great

possibilities in the direction of increasing the supplies
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of the world's oil resources. The process consists of

driving galleries into an oil bed, which has been exhausted

by borings. The originator of this, M. Paul de Cham-

brier, contends that the quantity of oil remaining in the

bed after exhaustion by boring is still so large that it

is a waste of this material not to endeavour to extract

it by more modern means. This is probably true,

and was indeed, proved at Pechelbronn, but whether

this method can be applied in other fields has been

questioned by many high authorities. If, however,
it could be applied successfully, the value of such a

process would be inestimable.



CHAPTER II

THE HOME PRODUCTION OF FUEL OILS

A STUDY of the fuel question of this country would not

be complete did it not embrace a review of the possi-
bilities of producing petroleums within its own borders.

The conditions which now govern the supply of fuel

in the United Kingdom, and the increasing use of oil

for power purposes, bring coal and oil into vital jux-

taposition. The prices of these two fuels have, indeed,

drawn so close together, that there is only one factor

which stands out in favour of coal, and that is a geo-

graphical one. The fact that the sources of our oil

supplies are thousands of miles distant, from which

we may be, by some unforeseen occurrence, cut off,

and that we have at our doors large quantities of solid

fuel, deters many fuel users from resorting to the former,

though far more efficient and economical in character.

It is here that the two aspects of the subject join issue.

The first element in the argument is that both coal

and oil possess the same ultimate composition, as will

be seen from the following figures
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that the liquid form of fuel is the more efficient and,

therefore, the more economical. The present industrial

conditions demand those auxiliaries which provide the

greatest efficiency, the indicator thus points to fuel in

its liquid form. Now this country does not possess
natural oil resources, but it does, undoubtedly, possess
vast quantities of mineral substances from which oil

can be distilled. The most extensive field in this

direction is that of coal. The valuable products which

it is capable of yielding are now being entirely wasted

by the method of burning employed.
It has long been recognized in the scientific world

that coal in its natural state is a costly and very
inefficient power producer, and combined with its

recent high price, occupied a most unsatisfactory

position compared with oil It is, therefore, impossible
to consider the fuel question of this country without

traversing the possibilities of oil production from this

and other sources.

The oil requirements of this country, gauged by
importations, stood in 1921 at the following figures :

(1
ox 1,000)

Gallons.

Crude oil . . 99,592

Lamp oil

Motor spirit

Lubricating oil

Gas oil

Fuel oil

Other descriptions

149,348
251,098
50,966
76,826

533,132
86-5

1,161,048-5

Approximately therefore we require over 1,000,000,000

gallons or, roughly, 3,500,000 tons of different oils

annually, a quantity which will certainly increase

largely every year.
It is contended in some quarters that we should
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make a considerable contribution to these requirements

by treating coal and other carbonaceous substances,

of which we possess extensive deposits in the United

Kingdom, by the low temperature distillation process,

by which heavy and light oils could be extracted in

fairly large quantities. The contention is undoubtedly
a rational one, and would go a long way towards solving
the fuel problem of the country. Important progress
has been made in perfecting the process of low tem-

perature distillation, and it is believed that the latest

type of retort now in use is one which will make
commercial success assured.

It is obvious that the coal mines of this country must
be worked and coal produced ;

it is also now clearly

recognized that the mineral contains large quantities
of valuable products, among these oil, which must be

conserved. The present methods of burning coal must
be revolutionized, in other words, coal must be made to

yield a far higher ratio of efficiency than it has done

hitherto. By present methods of use for power and
heat production, not only is its efficiency largely destroyed
but the valuable by-products are uselessly dissipated.

During the critical times of the Great War, when oil

supplies were of such extreme urgency, a petroleum
research department was formed for the purpose of

ascertaining the extent and character of the mineral

deposits of this country from which oil could be obtained

by distillation. Writing on this subject in the Petroleum

Year Book, Mr. E. H. Cunningham Craig states that
"
Research quickly proved that the most hopeful and

the most rapidly realizable method of obtaining oil

lies in the retorting of torbanites, cannels and colliery

waste."

The geological staff of the department visited prac-

tically every colliery in the country, and it was found
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that the quantity of valuable material at present

neglected, whether mined and treated as waste or left

in the mines, is enormous. In addition much valuable

information was obtained about unworked or abandoned

areas, where valuable retortable material exists. In

some cases it was necessary to descend the mines, but

in most cases a study of the belts and waste heaps, and

the cross-examination of managers, foremen and miners

was sufficient. Conservative estimates of available

supplies were collected from each district, and material

selected for detailed examination. The detailed work
consisted of microscopic examination, which resulted

in the discovery of many important points, and enabled

a classification of all retortable materials to be made.

Then came chemical analyses, and finally large-scale

retorting tests were made of several tons of each deposit

selected, to ascertain what conditions of tempera-
ture, etc., would give the best results in each case.

The results were tabulated and a complete record

kept.
" This work resulted in the discovery that torbanites

are much more common than had been previously

supposed, while the various qualities of gas, splint

and cannel coals, as well as other valuable materials

known by local names such as
'

batts,'
'

jacks/
'

gees,'
'

rattle-jacks,'
'

rums,' etc., were recognized,
classified and their potential yields of oil determined.

It was recognized from the first that great central

retorting stations would be required dealing with at

least 1,000 tons per day, but as a war emergency
measure, at the request of the production department,
small stations at the collieries, capable of dealing with

100 tons per day, were suggested. For the larger

stations, of which twelve or thirteen could be established,

approximate sites were considered, with reference to
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facilities for transport and the minimum expense in

assembling sufficient material of approximately the

same grade. It was soon made clear that each different

material would require slightly different treatment.
'

The average production of oil from the material

selected for treatment was from 33 to 35 gallons of

crude distillate per ton, and from this distillate at least

10 per cent of petrol can be obtained by refining.

The Committee of the Institution of Petroleum

Technologists took up the research where the depart-
ment left off, and concentrated chiefly upon the treat-

ment of canneloid material and colliery waste, including
"
smalls," but excluding domestic and industrial coal.

These latter were not considered, since it did not appear
that the country was prepared to give up the uneconomic

open coal fire.

The discovery of hitherto unknown supplies of

retortable material continued, and the examination

and preliminary testing proceeded. It was soon evident

that a compromise between the recovery of a maximum
quantity of oil and the utilization otherwise of the raw
material would give the best commercial results. Thus
it does not pay to attempt to obtain any one product
at the expense of all others. Complete extraction of

oil-content leaves the solid residue too low in volatile

matter to give the best results either in a gas-producer
or a briquette works. The attempt to obtain a maximum
yield of gas results in a useless residue and a poorer

quantity of oil.

Material high in ash (such as torbanite) yields the best

011 at the lowest temperature, and probably also the

largest quantity of oil a ton.

The results obtained on the distillation of various

descriptions of minerals quoted by the same authority,

may be given as indicating, not only the possibility of
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securing valuable oil products, but the great loss which

is entailed in burning coal in its natural state.

PRODUCTS FROM COAL CARBONIZED AT LOW TEMPERATURES
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is far superior to gasworks' coke, and can be readily

lighted and burned in an open grate.
It is clear, therefore, that we possess in this country

extensive mineral deposits from which can be readily
secured large supplies of fuel oil and motor spirit.

Coal does not, however, exhaust these, for there are in

different parts of the country practically unlimited

deposits of shales which could be made to yield, by a

similar process, even larger supplies of oil, provided
these were deprived of their sulphur. Many attempts
have been made to discover a means of desulphurizing
these oils, and although it has been claimed that a

satisfactory process has been found, it has not yet been
carried out satisfactorily on a commercial scale.

The principal deposits of oil shale in England occur

in the Kimmeridge clay of Dorsetshire. These measures

pass in a north-easterly direction into Norfolk, and
extend to the east into Sussex and Kent. A consider-

able amount of exploratory and experimental work has

been done in connection with this material, but so far

with no commercial success, since the oil obtained is

characterized by a high sulphur content. The nitrogen

percentage is also very high.
The outcrop of the Kimmeridge shales in Norfolk

provide an almost unlimited deposit of mineral. The

upper series of shales form a close-grained rock, dark-

brown in colour, with distinct planes of fracture. The

underlying shale is a greyish-blue rock. These shales

differ from Boghead and Torbanites, and more closely
resemble the Scotch shales. Bulk tests show a yield of

40 gallons of oil per ton of shale and 66 Ib. of sulphate
of ammonia

;
the sulphur content is 6-4.

The oil-shales of Jurassic age discovered in the Island

of Skye and Ramsay resemble the Norfolk Kimmeridge
shales very closely.
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The following percentage results obtained from large
tests of shales are of interest



CHAPTER III

DIRECT OIL FIRING

THE use of oil for the production of power was first

initiated in Russia and originated in the brain of a

mechanic employed in the first refinery in that country.
In those early days, when the market for oil was of a

very restricted character, the intermediate oils were

practically the only descriptions produced, the heavy
residues and the very light oils being discarded as

waste. On the suggestion of this man the question
of burning the heavier oils as fuel was taken up and the

first oil burner was invented by him in 1861. He

adopted various contrivances, but ultimately settled

on an apparatus consisting of a series of grates or griddles,

over which the liquid trickled and burnt. A patent
was taken out by him for this device in 1867 and many
firms used it, but gave it up when improved appliances
were available.

In 1862 attention was directed in America towards

the application of petroleum for heating and power.
Another early method of burning the oil was by means
of a pan or step over which the oil flowed and was

ignited, while almost at the same time Shaw and Linton

patented in America a furnace in which the fuel was

conveyed into the interior in a gaseous state, the oil

being previously heated and made to give off its lighter

oils, which were subsequently consumed inside the fur-

nace. Undoubtedly, this was a more advanced idea

than that of burning the oil in its natural state openly
in the bottom of the hearth. In the year following

(1863) the first spray furnace was introduced into

19
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America by a Mr. Brydges Adams for use on locomotives ;

yet, in spite of this great improvement and the most

perfect combustion of the fuel obtained, a year later

Richardson introduced into England what was known
as an oozing furnace. In this furnace, which was

experimented with by the inventor in, conjunction with

the Admiralty, the bottom was lined with ordinary
burned slack lime, spread evenly at the top, but with

a number of small vaultings at the bottom of the layer.

The oil entered these spaces from tanks, and pene-

trating the lime, which acted as a sort of wick, became

ignited and was consumed. Later experiments were

made with this method of burning the oil, with the result

that a commission appointed by the Admiralty reported

very favourably thereon, though the system was not

adopted, owing to the prohibitive price of liquid fuel.

The experiments, however, served to show that unmixed
oils had a greater evaporative power than mixed, the

latter in this case consisting of tar oil and shale oil,

and, in one instance, tar, shale, and American crude

oils.

It is unnecessary to enter into more detail in regard
to the early development of the oil fuel burner, as the

instances given lead us to the stage where the main
lines have been laid which led up to the evolution of

the present types of burner. The year 1883, however,
marked the opening of a new era, initiated by the

invention of Sir (then Mr.) James Holden, of the burner

known by his name. As Locomotive Superintendent of

the Great Eastern Railway he turned his attention to

the use of liquid fuel for steam raising for locomotives,

with the object of using the waste tar obtained from the

oil gas works at Stratford. His purpose was to devise

one which would be independent of any extra brickwork,

and also should be available for use in conjunction with
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coal, and he ultimately introduced a system by which it

became possible to fire a boiler either with coal alone,

as ordinarily used, with coal and oil combined, or with

oil alone.

In the early days of oil-firing experience, Mr. Holden

discovered that ordinary jet burners could not be relied

on to spray efficiently enough oil for the generation of

sufficient steam without the brick arrangements objected

to, and a new burner was therefore devised which

included many improvements.
The chief methods adopted in burning oil under

boilers are : mixing oil with a steam jet and heating and

atomizing it by means of a burner of small design

through which the oil is forced, under low pressure,

by the use of a pump or by gravitation from a settling

tank
; compressed air burners, which act on the same

principle but which involve the use of air compressors,
thus rendering the installation somewhat complicated
and expensive and reducing reliability ;

and the pressure

jet system, which eliminates the necessity of using
either steam or compressed air for atomizing the fuel.

Since the extensive use of oil fuel during the war, many
minor improvements have been introduced into the

various oil fuel systems, and, for the benefit of the student

of the subject, a brief description
1

is presented of each

of the chief systems now generally adopted.
The Holden Burner. This burner consists primarily

of a coned body into which oil is admitted through
a specially designed regulating valve. Inside the

body an annular steam jet is introduced. This pos-
sesses a central passage for assisting in the supply of

air and for enabling a wire to be passed through the

burner without shutting off either oil or steam. Imme-

diately behind the nozzle a hollow ring is attached,
1

Specification from the Petroleum Year Book.
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and to this steam is admitted and allowed to escape
from six very fine jet holes. Another requirement
fulfilled by this ring is that the jets induce a strong
current of atmospheric air, which is carried forward

and mixed with the spray as it emerges from the nozzle,

ensuring complete combustion. The valve used for

regulating the flow of the oil fuel is of special construc-

tion, and in this burner a small reservoir of oil is formed

by the body of the valve, a tube with a slit in it being
moved up and down inside. Very fine adjustments in

the flow of oil are possible with this valve.

The Kermode Steam-Jet Burner. The oil enters the

burner B (Fig. 2), and is given a whirling motion by the

long special stem of the valve spindle G, the quantity of

oil being governed by the hand-wheel N at the end of

spindle A. The steam enters at C round the hollow

cone H and passes through slots in the cylindrical

portion of this cone, where it fits the inside of the hollow

air-cone F. This air-cone is fitted with special guides,
and the air is drawn past these guides through the open-

ing D by the inductive action of the steam. The amount
of air may be regulated by means of the movable

perforated strap E. The part marked F can be screwed

in or out as a whole, being turned by the spider M.
When moved it carries with it the cone F, and in so

doing regulates the space between this and the oil-cone

H for the escape of the steam.

The " Kermode" Pressure-Jet Burner. The oil enters

the burner (Fig. 3) through the channel A, and passes
between the outer wall of the burner D and the inner

cylinder B, which abuts against the cap nut E. The
end of the cylinder B is a true fit for the outer body D
at the end where it abuts against the cap. A series

of grooves are cut in the plug end of B parallel to the

centre line of the burner, and similar grooves are cut
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in the face of the plug B at right angles to the axis

of the burner. These grooves are shown in sketch H,
and are tangential to the cone end of the spindle C,

which serves to contract or enlarge the opening through
the cap nut E. The movement of the spindle is indicated

on the graduated wheel F by being forced through a

restricted opening with a rotary motion, and the oil

is pulverized very completely. The fixed pointer, G,
indicates the degree to which the wheel F has been

rotated, either to increase or decrease the opening
through the cap nut.

Kermode's Air-Jet Burner. In this burner the oil is

sprayed by means of air, at from half-a-pound to

four pounds pressure. Furnaces for industrial purposes
will sometimes work satisfactorily with an air pressure
of half-a-pound, on the other hand, in extreme cases,

four pounds pressure may be required. The oil entering
the burner is met by air passing in, and both travel

on together, and there is a complete commingling of

the air and oil. All the elements of the combustion

are under complete control. The oil as it passes the

nozzle beyond the valve is swept forward by a sharp
current of air which envelops the nozzle

;
this current

can be regulated with great exactitude. A further

compressed air supply is given where combustion is about
to commence, while a third supply is caused by the

induction of the flame or by the draught.

By the use of this system 83 per cent of the calorific

value of the fuel used is recovered in actual work.

Less than 2 per cent of steam is used to drive the air

compressing plant, and if this is condensed no fresh water

is lost. For industrial operations the air compressor
is electrically driven when current is available. In some
cases it may be belt-driven from an existing power
shaft.
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The Korting Burner. This burner is of the pressure-

jet type. The oil is first heated to a temperature of

130 C., and is then forced through the burner under a

pressure of 50 Ibs. to the sq. in. The oil flows into a

chamber feeding the jet, which is fixed to a spindle

carrying a special screw. The oil is forced down this

spiral, acquiring a vortex movement which sprays it

out of the jet in a finely divided state and of sufficient

FIG. 4

THE KORTING BURNER

intensity to make it fly into spray by centrifugal force

immediately it issues from the nozzle. (Fig. 4.)

The Orde Steam-Jet Burner. In the improved pattern
of this burner the form and disposition of the nozzle

are slightly changed ;
there is also the addition of a

branch
(t) for the purpose of utilizing steam pressure

to blow through the oil service pipe after closing down,
so that any obstruction or deposit may be cleared out.

As in the earlier design, the annular steam jet in this

burner is controlled by a rotary movement of the hollow

valve (v) and that of the oil which is preferably heated

and supplied under pressure is controlled in a similar

manner by a movement of the needle valve (n). (Fig. 5.)
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The Rusden-Eeles Burner. This burner, which is of

the steam pulverizing type, is used on the shell tankers.
The oil, after having been heated by means of a steam

jacket, is sprayed out by the steam, and as the burner
is constructed to allow of separate adjustment of the
steam and oil jets, the consumption of the fuel can be

readily controlled to suit the special work it has to do.

(Fig. 6, p. 29.)

FIG. 5

THE ORDE BURNER

The Thompson Atomizer. This burner is made in

different styles to suit any requirement, but two forms

of it are illustrated here. The atomizer consists of four

parts, namely : the body piece, the nozzle, the spraying
or atomizing cylinder, and the spring for keeping the

same in place. The hot oil is passed from the burner

box or chest into the body of the burner and it then

passes down into and through the atomizing or

spraying cylinder, where it has a swirling or rotary
motion imparted to it before leaving the burner, from

which it issues in the form of a hollow cone of vaporized

liquid fuel, which can be ignited by means of the com-
mon torch inserted through the fire hole. A special
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feature in this patent is the providing of a super-heating

passage in the walls of the nozzle, to superheat the

oil just before it leaves the outlet. This arrangement
was devised to deal specially with heavy Mexican oils,

which have to be heated to a very high temperature.

FIG. 6

THE RUSDEN-EELES BURNER

By having this heating chamber the oil can be used at a

lower temperature in the steam heaters. The heaviest

Mexican oil can be used with this burner, and an entire

absence of smoke is obtained.

The "
Thompson

"
Atomizer is supplied and installed

by Messrs. Smith's Dock Company, Ltd., of N. Shields,

who also manufacture the
"
Smith-Meyer

"
system of

oil-firing, in which the fire-bars and other coal-gear
are removed entirely and circular patent furnace fronts
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substituted. The "
Smith-Zulver "convertible system,

also installed by this company, has been designed and

developed particularly with a view to converting the
boilers of steamers rapidly. The firm also supply two

FIG. 7.

THE THOMPSON ATOMIZER (FILTER TYPE)

types of oil fuel heaters the straight tube heater and

the coil type heater.

The Thornycroft Sprayer. In the Thornycroft
Oil Fuel System the oil is sprayed, under pressure, into

the furnace by means of the Thornycroft Patent

Sprayer. This has both edges of its supply grooves

tangential to the whirling chamber, the spray being

produced within a steel cone of special construction,
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which introduces and mixes the air and the oil spray
in such a manner as to produce perfect combustion.

The oil may be of any crude description, such as

Texas, Borneo, Mazout or Shale, and is pumped to the

sprayer after heating and straining. This system is

equally suitable for closed or open furnaces, or for

Howden's Forced Draught. (Fig. 8.)

The Wallsend Burner. In this burner the oil is

supplied from a steam heater and forced into the burner

at a steady pressure of from 60 to 80 Ibs. per sq. in.

The nozzle consists of a nipple, having a conical-shaped
orifice of small diameter, from which the spray of

heated oil issues in the form of a conoidal column of

large diameter, and is capable of burning, in one burner,

oil at the rate of from 400 to 500 Ibs. per hour. The

spray column is caused to acquire a rotary move-
ment by means of a helix on the valve-stem, the

resulting centrifugal effect materially assisting in the

widely conoidal diffusion obtained. (Fig. 9.)

The "White" Patent Low Pressure Burner. The
"
White

"
Patent Burner, which is of simple construction

is designed to atomize, to the finest extent, the oil

previously heated to the point of fluidity by passing
the oil through the perforated walls of the burner atom-

izer and strainer, along grooves which direct it on to a

centre cone surface, from which it issues through a

disc as a finely-divided spray or mist. The burner

atomizes at any pressure from 10 pounds upwards.
The orifice in the disc through which the oil spray issues

is drilled to thousandths of an inch, and ranges from

30 thousandths to 70 thousandths in ordinary practice.

All discs are interchangeable, and may be readily

removed for cleaning when necessary. The burner

itself is removed from the furnace front for cleaning

by disconnecting the quick detachable union, when it
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may be withdrawn and a spare clean burner inserted

in its place, the entire operation being performed in

less than thirty seconds. (Fig. 10.)

The oil atomizer and strainer of fine mesh located in

the end of the burner arrests any particles of grit which

might otherwise lodge in the orifice of the disc. There

is also a safety device, or shut-off cock, attached to the

burner head with its handle locking the screw of the

quick detachable union, making it impossible to open
the union without first shutting off the oil.

Owing to the absence of any steam or compressed
air jet to atomize the oil, the operation of the burner

is noiseless. The flame is short, under three feet in

length, and fills the front end of the furnace. It is a

clear incandescent flame, shading to red at the periphery,
with a faint trace of violet at the extreme edge.
The "J. Samuel White" Oil Fuel Burning System.

The construction of the burners is clearly indicated

in the sketches given herewith.

Referring to Fig. 1, it will be seen that the oil passes
down the centre of the burner body A to the annular

passage surrounding the slot plate C. This plate is

provided with either one, two, or three slots, arranged
to direct the oil in a tangential direction into the whirl

chamber at its centre from which it is discharged through
the fine orifice in the cap B in the form of a fine mist,

in which condition it can be efficiently burnt. The
slot plates C and caps B, having slots and orifices of

varying sizes, are supplied to suit varying rates of output.

Fig. 2 illustrates the firm's sprayer for burning either

hot or cold oil. The construction is similar to that of

the hot type burner with the addition of a centre spindle

D, and means of adjusting it. In using cold oil, this

spindle is protruded through the orifice in the cap B,
as shown in large scale view. The oil is fed into the
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whirl chamber in a similar manner to that described

above, and on discharging from the orifice in the cap B,

impinges on the small head formed on the end of the

spindle D, and is broken up into a fine mist, in which

condition it can be ignited and burnt without smoke.

When using hot oil the spindle is withdrawn into position
indicated in the sectional elevation by means of the

milled cap, when the sprayer operates precisely as the

hot type. This burner is particularly useful for lighting-

up purposes when steam is not available for use in fuel

heaters, being capable of burning fuels up to 900 seconds

viscosity (Redwood, No. 1) at normal temperatures,

cold, thereby rendering an auxiliary heater unnecessary.
In both types of sprayer provision is made for quickly

disconnecting, it being only necessary to unscrew U
when yoke J swings down, permitting the sprayer to be

withdrawn. Provision is also made for axial adjustment
of the sprayers by means of the screw spindle S, whereby
maximum efficiency can be obtained under all conditions

of output.
The Babcock and Wilcox System. The method

adopted in applying the Babcock & Wilcox mechanical

system is that of pumping the oil through the burners

at a considerable pressure, the stream of oil being so

manipulated in the burner that it is caused to rotate

rapidly, and immediately on the emission of this stream

from the orifice of the burner the centrifugal force

resulting from the construction of the burner breaks

it up into a fine mist, which, by proper means of air

mixing, can be completely burnt without smoke. This

method is adopted in all cases for marine work, where

the consumption of fresh water for spraying purposes
is not permissible ;

and the same applies to land

installations, where the feed water is of bad quality,
in order to avoid introducing an excessive quantity
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of make-up feed into the boilers. Moreover, with this

pressure system, a high efficiency of combustion is

obtainable.

A recent addition to the oil fuel systems is that known
as the

"
Unolco

"
introduced by the United Oil & Coal

Company, and fitted to a number of the Great Central

Company's locomotives. In this burner fuel is fed to

the main passage, which is preferably set at right

angles to the middle line of the burner, into the annular

chamber. Superheated steam is supplied to the nozzle

by a pipe. This steam heats and liquefies the fuel

in the chamber and, upon issuing from the nozzle

into the cone, partly atomizes and drives it against
the inner walls of the cone, carrying it forward at a

high velocity to the ends of the cone. At this point the

combined jet of steam and fuel is surrounded by an

additional superheated steam supply issuing at a still

higher velocity than that of the central jet from the

annular orifice. The superheated steam is supplied

by the pipe J. The annular superheated steam

supply completely atomizes the jet issuing from the

nozzle end and is carried forward at an increased

velocity to the flattened expanding delivery nozzle.

The burner is placed below the foundation ring at

the rear end of the fire-box, the ordinary ash-pan of

the engine being retained. Oil passes from the tank,

which has a capacity of from 800 to 1,000 gals, for a

tender engine, and 450 gals, for a tank engine, through a

connecting pipe of flexible material in the case of a

tender engine, to the footplate, beneath which is a

pre-heater. This pre-heater consists of two pipes,

one within the other, the inner pipe conveying oil and

the outer one forming a steam jacket, and it serves to

reduce the viscosity of the oil so that it will pass through
the steam jets of the burner. After passing from the
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pre-heater to the burner, the oil is delivered in a spray
about 6 in. above the floor of the fire-box, in which there

is a layer of fire-bricks, 3 in. thick, resting on a plate
at the rear end of the ash-plan.
The system provides for the atomizing and burning

of pre-heated oil by means of superheated steam.

Each of the three jets in the burner is a double nozzle,

the inner nozzle conveying superheated steam which

atomizes the oil as it issues in an ignition chamber
common to the three jets, and also receiving superheated
steam through a vertical port. The three nozzles are

so arranged that they can be used separately or all

together, thus ensuring the highest efficiency of com-

bustion. In practice, it has been found that one nozzle

is sufficient for locomotive work.

The ease with which an oil-burning installation can

be manipulated is not one of its least advantages.
There is no need of skilled labour in the adjustment
of the valves, once the admixture of air and oil has been

properly arranged and it is a simple matter to ascertain

that this has been secured. It must, however, be stated

that the proportion of air let into the furnace is of the

greatest importance, as on this depends the approach
to perfect combustion. Any excess of air beyond that

actually required for complete combustion naturally
reduces the temperature and thus retards the process.
From a general point of view, that is in the employment
of oil fuel for any purpose, on land or sea, the main

advantages of oil over coal may be summarized. These

features are classified so concisely by Engr. Lieutenant

Commander F. T. Addyman in the Petroleum Year Book,
that I cannot do better than reproduce from that

work.

1. Ordinary oil fuel has a higher calorific value, viz.,

19,500 B.T.U., as against 12,500 B.T.U. for coal, and
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the average engineer would often be glad to obtain

8,000 to 9,000 B.T.U. Heat value of coal is, and always
must be, a fluctuating quantity ;

it varies even on

one seam. Not so with oil
;

it is of known gravity
and quality, and therefore can be accepted as a constant ;

hence, the bed-rock truth is that you are bound to obtain

at a minimum 80 per cent greater heat value from oil.

2. An increase in boiler efficiency, due to the clean

condition in which the heating surfaces can be main-

tained, is another advantage ;
also the completeness

of combustion obtainable with a good system of oil-

firing (1 Ib. of fuel averages 19,500 B.T.U., as compared
with 12,500 B.T.U. for best Welsh coal) due to the high
calorific value of hydrocarbon constituents and to the

high purity of oils, the non-combustible matters, usually,

being almost negligible.

3. A constant and equal distribution of heat in the

furnaces, and, as there are no fire doors to be opened,
the cooling effect of large volumes of air passing over

the furnaces when firing up or cleaning fires is avoided,

and its consequent losses. Complete control of air

supply is maintained.

4. Superior evaporative power for weight of fuel

carried, giving increased radius of action.

5. Ease of control and regulation and maintenance

of proper combustion.



CHAPTER IV

OIL FUEL ON SHIPS

THE branch of industry in which the benefits of oil

fuel are most conspicuously observable is that of

shipping. In the first place, the space occupied by
oil is less than that of coal, one ton of oil occupying

only 37 cu. ft. compared with 44 cu. ft. for one ton of

coal. Moreover, oil can be stored in a ship where coal

cannot be carried, thus the fuel capacity is increased.

It has been proved that by substituting oil for coal

an increase in radius of action is attained of 50 per cent

on equal bunker weight and 80 per cent on equal bunker

space. The effect of this on the per ton mileage of a

vessel is, therefore, obvious, and equally so is the

economy of space resulting from the substitution. A
statement made by a high authority on the subject
some time back showed that over a series of years a

7,700 ton vessel consumed about 22| tons of oil a day,

compared with from 32 to 33 tons of Welsh coal. This

implies a saving in weight of fuel consumption of 33

per cent. With coal of inferior grade the economy
would naturally be considerably greater. Furthermore,
the vessel referred to was enabled to carry from 150

to 200 tons more cargo. Another way of expressing this

fact is by comparing the i.h.p. consumption under oil

and under coal, the generally accepted figures being,
in regard to the former, 1-02 Ib. to -95 lb., and for the

latter from l-51b. to l-61b. i.h.p. One of the most

valuable aspects of oil fuel running from a commercial

point of view is the shortening of the duration of

the journey. This is an economic factor of far reaching

42
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influence and is not sufficiently considered by shipping

companies, though one would imagine it would appeal

very weightily to them. Such an advantage, with its

many concomitant items of economy, could readily
convert a loss into a profit in the earning capacity
of a vessel. For instance, in one well-known case a

round voyage, which, under coal occupied 186 days,
was reduced under oil to 161 days, which, taking into

consideration all the ecomonies effected, resulted in an

additional revenue of over 4,000.

The next important claim is the increase in thermal

efficiency. In the case of oil, working experience
has shown that this may be as high as 83 per cent,

compared with 60 per cent when coal is employed as

fuel. In tests carried out in America recently the ther-

mal efficiency of boilers using coal varied between 66-6

to 68 per cent, whilst in burning oil the thermal efficiency

stood at from 80-6 per cent to 81 -5 per cent. Efficiencies

as high as 84-5 per cent had been secured, under marine

type boilers, using Mexican fuel oil with the pressure

system of oil burning. In order to arrive at a fair

conclusion, the quality of coal used should be taken

into account, and should, of course, be stated where

comparisons are made, for, while there is always a sub-

stantial balance in favour of oil, a low-grade coal will

cause the comparison to appear much more favourable

than as against a high-grade coal. The following
instance may be quoted as illustrating this point :

In the conversion of certain boilers from coal to fuel-oil

firing, the water evaporation per Ib. of coal, with a

calorific value of 11,451 B.T.U., was 7-22 Ibs.
; whereas,

when working with the pressure system of oil burning,

using an oil having a calorific value of 18,750, the

evaporation per Ib. of oil reached 14-44 Ibs. The

quantity of water evaporated to the square foot of
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heating surface on coal was 3-3 Ibs., whereas oil showed
over 7 Ibs., thereby increasing the boiler rating by over

100 per cent. With a higher grade coal, this disparity
would not, of course, be so marked.

The progress which has been made in oil-fuel practice

during the last thirty years is well indicated by figures

relative to the evaporation per Ib. of petroleum. On
a gunboat belonging to the French Navy the water

evaporated per Ib. of oil is stated to have been from

11-56 to 11-58 Ibs. ;
on a French torpedo boat in 1890

the quantity of water evaporated was 11-36 Ibs., while

it was regarded as quite an achievement when this

factor attained the figure of 13-25 Ibs. Twenty-three

years later in the results obtained on a Chilian battleship
fitted with a Kermode oil-fuel installation the quantity
of water evaporated varied between the average of

12-12 Ibs and 15-72 Ibs in tests of two hours duration
;

while in later tests under marine boilers, with which

the Kermode pressure jet system was used, the evapor-
ative efficiency rose as high as 16-16-74 Ibs. per Ib. of

petroleum. Similarly, in regard to the consumption
of oil i.h.p. The figures given for this item on an

Italian battleship some twenty years ago were 1-25 Ibs.

of oil compared with 2-13 Ibs. of coal, while at the present

time, as already stated, the consumption of oil ranges
from -95 to 1-02 Ibs. of oil i.h.p., and for coal from

1-5 to 1-6 Ibs., showing that in both liquid and solid

fuel practice great advances have been made. These

figures are an excellent indication of what has been

achieved in bringing oil fuel appliances to a high standard

and of the progress made by both engineer and chemist

in the science of oil fuel burning.
The practice is sometimes adopted of burning oil and

coal combined, though this is not generally done. In

several evaporative trials carried out on a vessel attached
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to the French Navy with the boilers heated by the mixed

fuel, and the burning mixture consisting of 45 per cent

of petroleum, the water evaporated amounted to 11-34

Ibs. a ton of fuel. This showed an evaporative increase

of 25 per cent over that of coal. With the proportion
of oil increased to 64 per cent, 14-12 Ibs. of water were

evaporated, showing an increase of 56 per cent over

that of coal when used alone.

The records we have already given are sufficient to

justify all the claims which have been made in regard
to the superiority of oil as a fuel over coal . At the same
time they have proved that great advances have been

made in the design of appliances. There is, however,
still room for improvement, and in many directions

efforts are constantly being made to perfect already

existing appliances. The United States is the greatest

consumer of fuel oil in the world, and a report, issued

some little time ago by the Bureau of Mines, states that

during the year 1917 about 160 million barrels of oil

were used for fuel purposes. The writer of this report
asserts that, of this quantity, a conservative estimate

shows that no fewer than 40 million barrels might have

been saved by a more intelligent operation of appliances
and by proper firings. He then proceeded to state that

water tube boilers meet the requisite conditions more

fully than other types. The points of importance in

connection with boiler design which should be kept

prominently in view are : The heating surface must be

arranged in such a way that the gas passages are long
and of small cross section

;
the heating surface should

"
see

"
as much of the furnace as possible, in order to

increase the amount of heat imparted to it
;
the com-

bustion space of the furnace must be so constructed

that the burning particles of fuel shall be completely

consumed before they can touch the comparatively
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coJd boiler surface
; also, this space should enlarge in

the direction of the flow of the heated and expanded
gases, as the capacity of the furnace for burning oil is

limited almost entirely by the furnace volume
;
there

should be dampers for controlling the air and the flow

of the fuel gases ; uptakes and flue passages should be

as free from turns as possible ; the flow of gases counter-

current to the circulation of the water in the boiler is

desirable, as it permits the gas to leave the boiler at a

temperature approaching that of the feed water as a

limit
; the possibility of unequal diameter stresses

should be avoided in design ; the boiler should permit
uniform and positive circulation of the water, and the

steam and water spaces should be large enough to

maintain uniform pressures and heating conditions.

There are, in addition, other very obvious advantages
in the use of oil for power production on ships. Ex-

pressed briefly they are : Ease of shipping into bunkers

or tanks, and with which furnaces can be supplied,
the latter being mechanically controlled to a very fine

point, thus enabling steam to be maintained at a constant

pressure for an indefinite period. Reduction of stoke-

hold staff. One man can with ease, regulate the pumps
and burners for from eight to ten boilers. Less stoke-

hold space required, thus allowing more room for cargo.
Absence of coal dust and ashes, which adds considerably
to comfort of passengers and crew. Capacity of forcing,

when necessary ;
the physical endurance of a man is

the limit with coal burning. Cost of maintenance and

upkeep of department is reduced by at least 100 per cent

when the various items are taken into account, e.g.

the saving in fire bars, cleaning materials, ash guards,

buckets, fire irons, flooring or shovelling plates, and

other items too numerous to mention in this article.

The absence of small coal and dust lodging in inaccessible
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parts of the boiler room. In cases of extreme emergency
how often has a rush of water dislodged these items,

choking the pumps at a critical moment, with the

possible loss of many lives, ship and cargo. This is

impossible with oil fuel.

There is almost an absence of smoke arising from

properly controlled burners, which, from a navigation

point of view, is a distinct advantage there is no chance

of the bridge becoming enveloped in a dense cloud of

thick black smoke, with a beam wind, thus obscuring
the view of the officer responsible for the navigation
of the vessel.

If it is necessary to examine bunkers, effect repairs,

etc., the fuel oil can be pumped out in a very short time ;

either into the other fuel tanks or into a tank alongside,

instead of the very slow and tedious business of dis-

charging coal to various tortuous passages into lighters

alongside. The oil can be discharged in a less number
of hours than the coal would take in days, and probably

by two men
;

whereas with coals it would entail the

whole staff.

In regard to bunkering, 7,000 tons of fuel oil can be

stowed in a ship's tanks in six hours the same quantity
of coal would take forty-six hours, most of the staff

being employed, at the rate of, roughly, 150 tons an

hour. In short, oil-fired boilers spell greater efficiency,

comfort, cleanliness, and economy.

Experience has shown that it entails less labour to

attend to twelve or more oil fires than when attending
to three coal-burning furnaces. The time necessary
for the changing of a burner is less than 60 seconds,

while the cleaning of the cones involves nothing more
than rubbing over the edge of the cone with a small

scraper, and is done at regular periods to ensure a

regularity of attention to each furnace, A well-known
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authority informed me that in the average- oil-fired

job, having only one stokehold, one man only is necessary
to attend* to the burners and fires, and a number of

vessels are operating with one man attending fifteen

fires. Another well-known expert stated that he had
run a five days' hard trial on a naval boiler without

cleaning a burner or without dismounting one, and the

air cones and furnaces were as free from carbon or

blemish of any kind as at the start.

With a proper arrangement, every furnace and every
burner should be able to range from the condition of

banked fires to full power without altering a burner

or making a change of any kind save a regulation of

the burner and a regulation of the supply of air. It is

obvious to anyone who has been in the stokehold of

an oil-fired ship during running, that the work is by
no means of an arduous description. It is also a well-

known fact that, once a man has served as a fireman

in a vessel run by oil, he greatly dislikes returning to

work in a coal-firea ship.

With coal-fired boilers there is always a considerable

loss of steam every watch, through burning down and

cleaning of fires. Take, for instance, the serious loss

to a vessel of the Aquitania class, which has no fewer

than 168 furnaces. Assuming that twenty-eight fires

are cleaned every watch, approximately 8,000 h.p.

is lost every four hours. With oil-fired boilers no such

loss is incurred, as the oil can be supplied continuously
to the burners, and the heating maintained so that a

constant steam pressure can be kept up. The result

of equipping her with oil fuel installations has had the

effect of improving the speed of the vessel. The original

contract speed under coal was 23-50 knots. In making
a recent return journey from America to this country,
an average speed of 23-45 knots was maintained, while
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over a run of 129 miles she attained the maximum

speed of 27-40 knots.

The bunkering with oil of this huge ship was effected

at the rate of 480 tons an hour, while the Olympic can

readily take in sufficient oil in six hours to carry her

over the round trip. Only three men are required to

carry out the entire operation. Before being fitted

for oil burning, the time taken to bunker these vessels

with coal was about 108 hours at each end, and for this

work between fifty and sixty men were employed.



CHAPTER V

OIL FUEL FOR RAILWAYS

OIL as a driving power for locomotives, although
before the war more generally adopted than for ocean

transport, has been far outstripped by the latter since

that revolutionary occurrence. The reasons for this

are not difficult to discover. In the first place, the facts

that practically the whole of the Fleet was converted

to oil and shipowners profited by realizing the efficiency

of oil fuel burning, and, as one important factor in this,

that oil supplies were more ample than they had hitherto

believed ; that the advantages gained from its adoption
for running locomotives are not so numerous nor so

obvious as in the case of traffic which is capable of moving
over long distances, and of touching those parts of the

world where supplies are available in large quantities ;

and that supplies of solid fuel, in unlimited quantities,
are either traversed by the railways or are in close

proximity to them. The benefits to be derived from

the substitution of oil for coal as fuel in the locomotive

are, nevertheless, conspicuous. Both time and labour

are considerably reduced ;
the consumption of fuel is

less, not only from the point of view of oil possessing
a higher calorific value, but from the ability of the oil-

fired engine to take the steepest gradient by merely a

temporary increase of oil supply to the burner, which

can be returned to the normal when the gradient is

passed. With a coal-driven locomotive this special

condition of the track involves a considerable and

unnecessary wastage of fuel, which there is no means of

obviating. In addition to this advantage of a lower

53
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fuel bill and a greater amount of work obtainable from

a ton of fuel, there is the saving of time in not having
to cut out the engines for cleaning, etc., the greater

capacity for steam raising, the saving of fuel when the

locomotive is at the terminals, and the saving of time

in the loading up with oil over that for coal. On the

other hand, nothing is gained in the way of increased

accommodation for merchandise, or in the direction

of reduction of firemen. The cost of fuel, therefore,

has to be borne irrespective of any other advantages,

except in regard to those already referred to, and,

although these are obvious advantages, they do not

affect the earning capacity of a company so strikingly

as in the case of a shipping company. They are

sufficient, however, to induce many railway companies
of this country to turn to oil fuel, at the present time,

though the price of oil and reliability of supply at home
must always be more deciding factors than in ocean

transport. The most vital consideration, however,
is that the railway company must always be assured

of ample home supply, as it cannot go further afield

for this, as can a ship. Even such a national dislocation

of the coal industry as occurred in 1921 induced few

of the railway companies to resort largely to oil, though
a number of main line routes were traversed by
locomotives driven by the liquid fuel.

The position is far different, however, in foreign

countries, especially in the United States, where oil

fuel practice has been increasingly extended on the

railways during the last ten years. This is, of course,

not surprising when one remembers the extensive

petroleum reserves of that country.
The adoption of oil fuel in America, and chiefly in

California, was due in the first place to the fire risks

which were run in employing either wood or coal.
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Many large forest fires were started by sparks from coal-

fired engines, and oil fuel was introduced to obviate

this danger. With the vast stores of fuel oil, however,
at hand, the economic advantages accruing from the

change over were soon recognized, and the use of oil

fuel on locomotives more than doubled between 1910
and 1920. The figures showing the length of mileage,
the total mileage run on oil, and the total consumption
are us under
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countries petroleum is produced in large quantities,

and the crude oil yields a good percentage of fuel oil.

They are thus able to rely on continuous supplies. It

may be interesting to state that, during the war, Egypt
was saved from a fuel famine by the possession of an

indigenous oil supply, which had been developed so

successfully during the few previous years.

Another country where railways are practically

wholly run on fuel oil is Mexico. As will have been

observed from the record of production on page 7,

Mexico possesses enormous supplies of fuel oil
;

the

crude yielding a very high percentage of residue oil,

suitable for power purposes. The quantities of oil

consumed on these railways for each year from 1916

to 1918 were as under (1-1,000 barrels)
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The line in question is characterized by many steep

gradients, in one instance, at least, the rise being 1 in 25.

It is in work of this trying description that oil fuel reveals

its superiority, the requisite amount of additional power
being secured in the most economical manner. On
the National Railways of Mexico the cost of oil fuel a

train mile worked out at 5d. as compared with a cost

of 7d. a train mile for coal.

The Southern Pacific Railroad, a South American

line, converted many of its locomotives to oil a few years

ago, and records are available concerning the portion
of the track which crosses the Sierras Nevadas. The

engine employed was a 10-wheel engine, and the train

in this instance consisted of seven cars.

Actual time of running . . . . 14 hours
Miles run ..... ''-> 315

Average strain pressure . . . . 196
Total gallons of water evaporated . 44,147
Water evaporated, Ibs. . . . 367,642
Oil burned, gallons . . . . 3,951-6

Ibs 31,613

Equivalent evaporation of water per Ib.

of oil, Ibs 14-14
Water evaporated a sq. foot of heating

surface an hour, Ibs. . . . 8,698
Oil burned for sq. foot of heating surface

per hour, Ibs. ..... -748

Weight of train, tons .... 342
Boiler efficiency, per cent . . . 73-84

The oil used during this run was Kern River (California)

oil of heavy quality, having a specific gravity of 15-8

Baume (-96) and a flash point of 230 F.

Among the British Railway Co.'s which have initiated

the movement towards the employment of oil for

running their engines are the London and North Western,
the Great Central, the Highland of Scotland, the

Lancashire and Yorkshire, and in other parts of the

Empire India leads the way, the North Western (State)
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Railway having recently converted several of its

locomotives to oil burning. These engines were origin-

ally fired with coal, and have been adapted to oil fuel

by arranging a brick arch in the fire box to distribute

the flame. The consumption of fuel oil over a period
of six months showed that one ton of oil equals 1-85

tons of coal by weight. The descriptions of fuel used

are given by the Government Test House at Alipore
as follows

Coal.

Free Carbon 63-29
Volatiles 26-21
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given to merely shovelling coals on a fire, then his

contention is correct.

This report also states that projections in the fire box,
such as nuts or rough edges, the fire hole ring, etc.,

where friction is likely to occur, soon get burnt away
by the intense heat of the oil flame. It is, of course,

essential, as the locomotive superintendent remarks,
that as equable a distribution of the intense heat

generated is secured as possible, which is, of course,

a matter the constructional engineer would certainly
have in mind, in equipping the engine with oil burning

appliances and arranging the interior of the furnace.

The Scarab oil burning system which was used

extensively in Egypt during the war has also been fitted

to locomotives on the railways in Portugal, Mesopotamia,
Sudan, and South America. With this system adopted

by the London and North Western Railway for its

first main line express locomotive over a distance of

113 miles, and hauling a weight of 294 tons, the con-

sumption of oil was 10-88 Ibs. for 100 ton miles, and
32 Ibs. or 165 galls, a mile an hour. The Scarab

Company claim that with their system 42 Ibs. of fuel

oil will haul a train a distance which, with coal, would

necessitate a consumption of 100 Ibs. of coal. The

Ceylon Government is also following the growing practice
and is converting several of its locomotives to oil

burners

The table on page 60 will be of interest as showing the

great fuel economy obtainable in oil over coal for

locomotives.

Although these figures are not the most recent, they
are sufficiently approximate to illustrate the point
desired.

In concluding this section, it may not be inappropriate
to reproduce a statement made by Sir James Holden



60 OIL POWER

on the question of fitting a locomotive with oil fuel

burners.

The most desirable position of the burners, he remarks,

could only be arrived at by long continued experiments,
and so far the best results have been obtained with the

burner eccentric to the holes in the fire-box. This

setting of the burneis conduces to economy of steam

I Coed.
|

Oil.

Mexican Railway



CHAPTER VI

THE INTERNAL COMBUSTION ENGINE

INTERNAL combustion engine is a generic term which

comprises all descriptions of engines in which air and
oil are brought together in specific quantities, and by
their mixture are exploded. There are thus internal

combustion engines in which light oils are used, as in

the motor car and aeroplane engine, and those in which

heavy oils are used, as in the Diesel and Hot-bulb

types of engine. The principle of combustion is the

same in both types of engine. The term has, how-

ever, become almost wholly associated with the Diesel

type.
It was not until Dr. Diesel designed an engine in which

it was possible to bring about the combustion of heavy
oils that the application of the internal combustion

engine became applicable to industrial and transport
work. The original design was for its use in stationary

work, and it was not until the engine was taken by the

various marine engineers in different countries that its

applicability to propelling ships was recognized. The
latter direction now appears to offer the widest field

for the use of this type of engine.
These engines now fall into two distinct categories,

namely, the two stroke and the four stroke, but, before

referring in detail to the differences between these,

it may be advisable to describe briefly the actual opera-
tion which takes place in the Diesel engine of any type.
This operation consists of four well-defined actions ;

first, the suction stroke, by which the piston sucks air

and oil through a valve into what is termed the vaporizer;
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second, the compression stroke, which merely com-

presses the mixture
; third, the explosion stroke, during

which the gas is exploded or burnt, and fourth, the

exhaust stroke, which ejects the burnt gas through
the exhaust valve. This, very simply, embraces the

whole process by which the Diesel engine works.

Reference may now be made to the two distinct types
of this engine, namely, the two cycle and four cycle,

in each of which, however, precisely the same operations
take place. The difference between the two types is

that in the former an explosion occurs with every
revolution, while in the latter an explosion occurs on

each alternate revolution.

There is, however, another description of the internal

combustion engine, known as the hot-bulb or semi-

Diesel engine. In this the explosion of the gas is pro-
duced artificially, and not, as in the Diesel, as a part of

the actual operation, and further reference will be made
to this type later. For the moment we will restrict our

attention to the variations which have been introduced

by the different firms into the original design. It is

unnecessary in this little work to describe the character-

istics of each Diesel engine now available. I will,

therefore, restrict this review to those types which are

in greatest use at the moment, and to those which embody
some distinct feature, differentiating them from previous

types. At the present time, the majority of engines
constructed are on the four cycle principle, though in

Great Britain the two cycle type is more largely

favoured.

The principle exponents of the four cycle type are

Messrs. Burmeister & Wain, of Copenhagen, and the

largest motor ship now running is equipped with engines
constructed by Messrs. Harland & Wolff, who are

licensees of this engine in this country. In order to give
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a clear and concise description of this engine I cannot

do better than reproduce that which appears in the

Petroleum Year Book. It states that this engine is

built according to the four-stroke cycle system, whereby
during each second stroke cold air is sucked into the

cylinder, which during the stroke cools the internal

surfaces. As this suction of cold air takes place in the

cylinder itself, it is not necessary to use scavenging

pumps, which form a necessary part of the Diesel engines

working according to the two-stroke cycle system. The
result is that the four-cycle engines are not so compli-

cated, and, as they are not fitted with scavenging pumps,
the cylinder dimensions can be increased to such an

extent that within the same length, height and engine

weight, the b.h.p. will be, at least, the same, or in most

cases larger, than for a corresponding engine of the

two cycle system. The ordinary opinion that a two-

cycle engine gives double as much horse power as a

corresponding four-cycle engine is therefore not quite
correct.

On account of the cylinders of the four-cycle engine

being filled by pure air, the combustion is very fine,

and the consumption of fuel oil in b.h.p. is 15 to 20

per cent smaller than for a corresponding two-cycle

engine, and as that quantity of oil which is burned

without being transposed into useful work will be lost

as heat in the exhaust gas, and will heat up the different

parts of the engine, the four-cycle engine will work
at a lower temperature, which will increase the durability
of the engine, reduce the costs of upkeep, and allow

uninterrupted non-stop runs for very long periods ;

and many voyages have been made with Burmeister &
Wain motor ships of a duration of fifty to sixty days
without any stoppage.
The engine is built as an enclosed, forced lubricated
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engine. This design has been adopted from the very
first of the motor ships, the M.S. Selandia, and the result

of this was an absolute working reliability of the engines,

with no wear and tear of the rotating parts, and therefore

attendance to the machinery is independent of the

number of cylinders and appurtenances.
The Burmeister & Wain Diesel engine installations

are constructed in such a way that not only the main

propulsion power is delivered by Diesel engines, but

also all the auxiliary machinery which is necessary
in a modern, first-class ship is driven by Diesel engines,

the power being transferred through electricity. All

the necessary auxiliary pumps, such as cooling water

pump, forced lubricating oil pump, bilge and sanitary

pumps, auxiliary compressor, etc., are coupled to electro-

motors, driven from auxiliary Diesel dynamos, which

also give the necessary power for working the deck

machinery, as electric steering gear, electric windlass,

cargo winches, lighting and wireless telegraphy. This

arrangement has effected considerable saving compared
with the old manner of steam working auxiliaries, both

during daily working at sea and during loading and

unloading at port.

The best example I can select of the two-cycle type
is that constructed by Messrs. Sulzer Bros.

The Sulzer engine is of the two-cycle type, with four

or six cylinders working on one propeller shaft.

The cylinder head is of simple symmetrical construc-

tion, containing only a fuel valve and a starting valve

in a common casing. Ample cooling spaces, ensuring

efficient water circulation, are provided. The exhaust

pipes are also efficiently cooled, as well as the partitions

in the cylinder liner between the exhaust ports.

The pistons are cooled with sea water or with oil.

The cooling medium is conveyed to and from the piston
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by means of a patent device, which, while avoiding the

use of all stuffing boxes or swivel points, nevertheless

keeps perfectly watertight. The whole cooling system
works under atmospheric pressure.

All the principal parts are fitted with forced lubrication,

which experience has shown affords the best guarantee
for reliability, and reduces wear to a minimum. The

lubricating oil is cooled and filtered in its circulation

in an easily accessible double filter.

Starting is effected by means of compressed air

supplied from an amply dimensioned air injection

compressor, and stored in a number of starting vessels

for repeated manoeuvres. The air injection and starting

vessels can be controlled from the engine platform.
A fuel pump is fitted for each working cylinder, the

individual parts being contained in a common casing.

The air injection compressor is of the three stage type,
with efficient cooling, separators, and safety valves

between the stages. The valves of this air compressor
are of the plate type of special construction, and can

be easily and quickly adjusted, cleaned, or changed.
In the Sulzer Patent system of scavenging, in which

two rows of ports are provided in the cylinder liner,

the direction of the air currents causes a more thorough

scavenging of all parts of the cylinder, and the exhaust

gases are effectively expelled. With the system of

scavenging through valves in the cylinder head, the

scavenge air tends to take the shortest way to the

exhaust ports, without properly displacing the products
of combustion in the upper part of the cylinder.

This system of scavenging obviates the possibility

of pre-ignition in the cylinder and explosions in the

receiver on account of the valve which controls the

admission of air to the ports being protected from the

hot gases by the piston, and not coming in contact with



THE INTERNAL COMBUSTION ENGINE 67

them whilst at their highest temperature. The scavenge
valve works always in the coolest part of the cylinder,
and any entrance of unburnt fuel vapour into the

scavenge air receiver is practically impossible.

Three other types which possess points of special

interest are the Camellaird-Fullagar, the Doxford, and
the Vickers. It is essential that the student of this

branch of engineering should be acquainted with these

and I therefore deem it advisable to introduce brief

descriptions of them. The two former are of the opposed

piston type, and the latter is known as the solid-injection

type.

Camellaird-Fullagar Diesel engines are of the two-

cylinder opposed piston type and of a very novel design

which, whilst permitting the use of opposed pistons,

calls for the addition of few extra reciprocating

parts.

The unit consists of pairs of vertical side-by-side

cylinders carrying a straight liner, and affording

straight-through scavenging by means of ports in the

walls.

Two pistons are provided for each cylinder, the lower

one in each case being coupled with a connecting rod

to a two-throw crank-shaft. Each of the upper pistons

is connected by means of a diagonal rod to the lower

piston in the adjoining cylinder. When combustion

takes place between the two pistons the upper one

misses and thus exerts an upward pull on the adjoining
lower piston, whilst at the same time the lower piston

in the cylinder in which combustion occurs is forced

down, bringing with it the upper adjoining piston.

Instead of the fly-wheel being called upon to overcome

compression in a cylinder, the direct combustion force

is used, and thus, instead of the crank-shaft's having a

downward load on one throw and an upward one on the
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other, it is constantly subjected to a positive rotating
force. Each cylinder, therefore, directly utilizes a

part of its potential driving power to overcome the

period of inactivity in its neighbour. The driving couple

present in all other types of internal combustion engine
is thus eliminated, and a rocking force on the crank-shaft

is eliminated in favour of a constant load.

The disadvantages naturally associated with diagonal
rods are overcome by the provision of suitable guides
to overcome the heavy side thrust which is inseparable
from the design. It must be remembered that from the

nature of the lay-out the diagonal members are always
in tension, and, therefore, a complexity of forces is

not in evidence.

Fuel valves are, of course, in the centre of the cylinder
and between the pistons. They are cam operated from

a horizontal skew-driven cam-shaft.

Reverse is direct and is easily effected by altering

the valve timing by means of a slight rotation of the

cam-shaft. Air starting being employed, the reverse is

very readily brought into action.

The novelty of the design of Camellaird-Fullagar

engines is justified by many advantages. The hull space
which is occupied by one of these engines and a more

conventional type is h.p. for h.p. considerably less ;

the engine can be run at a very low speed, greatly

facilitating manoeuvring in harbour, etc., the weight
of the unit is extremely low, and both first cost and

running expense are, owing to the absence of complexity,

extremely low.

Doxford oil engines for marine and stationary work
are a combination of the Diesel and the Hot Bulb type,

embodying the advantages of the former in regard to

mean pressure and consumption, and, in regard to the

latter, for simplicity. They are of the two-cycle type,
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working on a low compression pressure, and burn Mexican

fuel oils.

The cylinders consist of a plain tube close-grained

casting one inch thick for the largest diameter, with

scavenging ports at the lower end, and exhaust ports
at the upper end controlled by the respective pistons,

permitting the most efficient scavenging.
The piston heads exposed to the flame of combustion

are of ingot steel forgings, retaining a high temperature
to assist combustion of the heavy fuel oils. They
are easily removable without breaking high pressure

joints.

No stresses are passing through the frame structure

and main bearings excepting those on the crosshead

guides, the loads on the pistons being transmitted

direct to the crank-shaft through steel rods.

Fuel valves are of special design, conspicuous for the

absence of glands and springs, and are so arranged that

the oil sprays do not come in contact with the pistons
or cylinder walls.

Fuel pumps, one to each cylinder driven direct off

the crank-shaft, and have no glands.

Reversing is effected by ahead and astern cams,
the cam-shaft being moved longitudinally by hand and

lever. Compressed air is used to start rotation of the

engine, then changing over to oil, which is ignited at

the lowest revolution.

Marine engines are of exceptionally long stroke, and

therefore suitable for single screw drive of the highest

power. The normal speed for 3,000 horse-power is

77 revolutions, manoeuvring down to 16 revolutions.

No air compressor is used for injection, as they operate
on

"
Solid Injection."

The Vickers Diesel engine is of the four-stroke cycle,

this type having been adopted as being the most
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economical and practical for the purpose of

propelling merchant ships.

The columns are of cast iron, and span the main

bearings. Vickers have made oil engines varying in

design from the enclosed type, where the cylinders are

supported on cast crank cases, to the open class sup-

ported on cast columns, turned pillars, or built-up boiler-

plate transverse frames. Of these the transverse frame

has been found to give such accessibility to the engine
that this type has been adopted for the commercial

design, castings being used in this case in order to secure

the exceptional rigidity so necessary for durability.

The guide is a single one, spanning the columns on

the ahead side (generally inboard), the slipper and cross-

head details being in accordance with the best steam

engine practice.

The cylinders consist of massive conical iron castings,

spread at the lower extremity to form a continuous

entablature to which the columns and stays are attached.

The liner is dropped into the cylinder and held in place

by the cylinder cover, being free to expand at the

lower end.

The cover is an iron casting of the usual pattern,

providing special allowance for difference of expansion.
A novel arrangement is followed for thoroughly cooling
the lower face and the top of the liner, and preventing

deposits on parts subject to the higher temperature.

Cleaning doors of ample dimensions are fitted to the

water spaces.
Both inlet and exhaust valves are of special steel,

the latter being water-cooled. The motion is developed
from the designs followed by Vickers in their high duty

reversing engines, and comprises, very few parts.

The power reversing is applied as directly as possible,

thus saving air and making the engine manageable at
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low air pressures. Hand gear is fitted for use in

emergencies.
Forced lubrication is fitted throughout the principal

bearings of the engine. The crank-case is totally enclosed,

except for ventilation pipes, by readily portable casings,
thus ensuring a clean engine room and preventing
contamination of the lubricating oil by dirty oil from
the pistons or by water from the glands of the piston

cooling pipes.

The fuel injection pumps are in front of the engines,
in view of the engineer, and deliver into a main from
which the individual cylinders are supplied through their

spray or measuring valves. These valves can be con-

trolled collectively by a hand lever, while in case of

necessity an individual cylinder can be immediately
cut out of action.

The air starting compressors will, in the larger installa-

tions, be separately driven, though in the smaller ships
it may be preferred to drive pumps by means of a clutch

from the engine shaft, thus following the lines of many
shore installations of gas or large semi-Diesel engines.
A point of departure from other Diesels is in the adop-

tion of a fuel injection system in which the air com-

pressor is entirely eliminated. With this system

consumptions by the hour down to 0-378 Ibs. b.h.p.

have been obtained.

In addition to these another variation has been

invented, namely, that known as the Still engine, the

chief feature of which is that it embodies the Diesel

and the steam cycles, each reacting upon the other.

This is effected by utilizing a considerable portion of

the heat in the cooling water and exhaust gases, whereby
the efficiency is increased by 20 per cent. The cylinder

jacket forms part of a high-pressure steam circuit, a

temperature of about 350 F. being maintained by the
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heat from the exhaust gases. In addition to maintaining
the temperature from these sources of heat, steam is

also produced and utilized on the under side of the piston
in a similar manner to that adopted in a reciprocating

engine. The upper end of the cylinder is operated as

a two-stroke Diesel engine. Connected with the steam

circuit is a boiler in which steam is generated for starting

the engine, and the circuit is effected by steam on the

under side of the piston.

Owing to the high temperature of the cylinder walls,

the outsides of which are jacketed with water at a tem-

perature of 350, a compression pressure of about 280

Ibs. the square inch is sufficient to cause ignition,

instead of the usual compression pressure in Diesel

engines of 450 Ibs. the square inch. Moreover, greater

horse-power can be obtained from a given size of cylinder

and, if an increase of horse-power is demanded, it can

be met by maintaining the boiler, fired with liquid fuel,

in commission. The low consumption of 53 Ibs. per b.h.p.

per hour has been obtained with one of these engines.

Before passing on to other aspects of this subject it

may be helpful to introduce a table giving particulars

and measurements of the chief types of Diesel engines.

Make.
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I have already stated that the two-cycle engine finds

greater favour in this country and engineers have
devoted considerable attention to its construction.

The improvements which have been made in this type

may be shown in the statement that when the two-cycle
was first constructed the engine had a fuel consumption
of about -54 Ibs. in b.h.p. the hour, whereas it now
stands at 41 Ib. in b.h.p. the hour. The pressure of

scavenging air has also been reduced from 5-6 Ibs. the

square inch to about 1| Ibs. the square inch, resulting,

of course, in a correspondingly smaller scavenging pump,
without sacrificing, but rather increasing, the maximum
efficiency.

The fact that the two-cycle engine requires only
four cylinders, while the four-cycle requires at least

six for manoeuvring purposes, thus adding considerably
to its cost and weight, and necessitating 50 per cent more

working parts, has no doubt largely influenced British

engineers in their preference for this type. Its greater
mechanical efficiency, in spite of other disadvantages,
has also no doubt been an attractive feature, while at

the same time greater cargo space is permitted. The

four-cycle type is, however, rigidly adhered to in

Continental practice, and is mostly in favour among
American engineers. It is probable that this preference
is due to the fact that the engine is stressed to its maxi-

mum for only 12J per cent of its running time, compared
with 25 per cent in the case of the two-cycle engine,

and that long experience has confirmed its reliability.

Another favourable feature of this type is that its parts
are readily accessible, and lend themselves to easy repair.

If, for instance, any trouble arises with the exhaust

or fuel valves, the engine can be stopped, and the defec-

tive valves replaced in about half-an-hour. Experience
has shown that during a voyage of six months it is
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necessary in this type of engine to overhaul and regrind
the exhaust valves twice. The fuel valves should, to

keep them in condition, be overhauled twice, while the

starting air valves can endure a year's service without

attention, though it is preferable to overhaul these

once in every six months. The inlet valves can carry
on for a year, at the end of which period Lloyd's
demand a survey. In regard to compressors on

the main engine compressors it has been found

in practice unnecessary to touch the valves between

cleaning and regrinding, that is about once in six

months.

.The four-cycle engine is more economical in fuel

consumption, and in tests which have been carried out

it has been proved that the two-cycle engine consumes,

approximately, 100 per cent more oil the square inch

of cylinder than the former type. On the other hand,
the mechanical efficiency of the four-cycle engine ranges
between -75 and -85, while the two-cycle type varies

between -68 and -78. Moreover, the weight of the

former type is less than that of the latter, as, for instance,

1200 b.h.p. four-cycle engine weighs 200 tons, compared
with 220 tons for a two-cycle engine of the same size.

Another point against which objections are raised to

the four-cycle type is that scavenging involves two lost

strokes out of the four, and the piston and running gear,

which is designed for maximum working-pressure,
must be operated through one complete revolution for

the purpose of scavenging the cylinder. This, of course,

means a loss of power. In the two-cycle engine the

charging and scavenging are carried out through pumps
and gear provided for the purpose, though this does not

increase its comparative efficiency either mechanically
or from the point of view of fuel consumption. An

improvement in scavenging arrangements has been
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introduced into the opposed-piston type of engine.
These are of a simple character, the air ports surrounding
the cylinder at one end and the exhaust at the other,

enabling the scavenging air to sweep through the whole

of the cylinder. This form of scavenging induces low

fuel consumption, ability for slow running, and a high

output by unit of cylinder volume.

The employment of air compressors for the injection
of the oil is also a matter on which considerable difference

of opinion exists, some authorities contending that

greater efficiency is secured thereby as contrasted with

mechanical injection. It has been asserted that the

compressors employed with marine Diesel engines are

larger than is necessary for the work they are called

upon to do, with the engine even at full speed. It is

essential, of course, that the compressor shall be of such

power as to be equal to this stage of working, and there

must be a certain amount of waste energy when the

engine is running at less speed. The compressor must

naturally be capable of meeting all demands. The air

injection system is claimed to provide a better fuel

consumption than any other method. It undoubtedly

possesses an elasticity which no other system has so far

provided and enables practically any grade of oil to be

used apart from its other improvements. The Camellaird-

Fullagar engine is able to start from cold oil, with a

specific gravity of -96, and containing even 4 per cent

of ash. The mechanical injection system has certain

advantages to recommend it, though it is not generally

adopted, and the energy available for pulverizing the

oil is not as great as in the case of the air compressor.
It is clear from the statements made that the design
of the marine Diesel engine has not yet reached perfection
and that there exists a difference of opinion among
engineers on many important points ;

the progress made
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in its improvement has, however, been greater than has

been the case of the steam engine
This is shown in a table compiled by Sir Dugald

Clerk some short time ago, which is as given below.

The figures bring this aspect of the subject down to

1914, and practically represent the position at the

present time.

Steam engines. Internal combustion engines.
Thermal efficiency to heat of steam Thermal efficiency to heat of gas

supplied to engines. supplied to engines.

Indicated. M.E. 90% Indicated. M.E. 90%.
1882 12-7% 11-4% 16-0% 14-0%
1914 23-0% 19-5% 37-0% 33-4%

Expressing the improvement indicated in percentage

figures the table shows that with the steam engine the

progress made represented by increased indicated

horse-power was 81-10 per cent, and in brake horse-power
71-05 per cent for the internal combustion engine, the

percentage progress during the period was in indicated

horse-power obtainable 131-25 per cent and in brake

horse-power 121-25 per cent.

It is evident from a study of the whole question that

an important aspect of the Diesel engine construction

in order that it may attain a greater amount of relia-

bility is that concerned with metallurgy and methods
of manufacturing the different parts. Great importance,
for instance, attaches to the manufacture of the castings,
and it is a point which is being realized in this country.
In some instances firms are setting up their own plant
for the production of these, on which the reliability and

efficiency of the engine so much depends. This will

enable them to test every casting thoroughly before use.

Among Continental manufacturers the greatest care is

taken in the production of castings and in the selection

of the metal, and for such vital parts as liners, cylinder
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covers, valves, and pressure parts, the cast iron is

melted in the electric furnace or reverbatory furnace,

a slightly more costly method, but ensuring a high grade

product. With an engine on which such great strains

are placed it is essential that the raw material and the

ultimate product should pass the most rigid tests.

Another variation of recent invention is that known
as the Sproule engine, the object of which is to provide
an internal combustion engine having a steam engine
"

characteristic," that is to give high efficiency at light

as well as full load, and to give an overload capacity
with slightly falling efficiency and to be easily reversible.

The latest types of engines show distinct progress in

design, and, where constructional and metallurgical
difficulties have arisen, they are being removed by con-

stant study and experiment on the part of those engin-

eering firms who have placed and kept British crafts-

manship in the forefront. The main lines along which

development should be made are those leading to simpli-

fication of design and economy of production. Up to

certain powers reliability and efficiency have been

attained, and such excellent progress has been made in

the designing and construction of larger units, that

powers of 6,000 and over are anticipated by recognized
authorities in the near future. The economic aspect
of Ihe application of the Diesel engine to marine work
is an important part of the subject, and I have thought
it preferable to retain this for treatment in a separale

chapter.
Reference must also be made to what has been termed

the Semi-Diesel engine, but more correctly known as

the Hot-bulb type. The differences between these

two classes of engine may be briefly stated. In the first

place, in the true Diesel engine the heat required for

combustion is induced within the engine by compression
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and as a part of the operation, whereas in the hot-bulb

type the heat is produced artificially. The compression
in the former may be stated at 450 Ibs. compared with

between 150 to 200 Ibs. for the latter. Fuel injection and

pulverization in the Diesel engine is produced by an air

blast of from 800 to 1,000 Ibs. the square inch, but in

the other type this fuel injection is effected by a small

plunge pump to each cylinder driving the oil into a

heated chamber or hot-bulb
;

the oil is ignited by the

compression stroke. For starting up the engine a

blow-lamp is used to heat the bulb, which, once the engine
is running, remains heated by the explosion of the gas.

In a few instances compressed air is employed for the

injection of the fuel, but the method is not at all generally

adopted.
The hot-bulb engine, being of the heavy, slow-running

type is chiefly used by small commercial ships, such as

coasting vessels, fishing boats, barges, and similar craft.

The fuel best adapted to this engine are gas oils, solar

oil, which is of higher specific gravity than fuel oil,

and heavy paraffins. The sizes of this type of engine

vary between 3 b.h.p. and 500 b.h.p. There are a

considerable number of firms constructing these engines,
for which there is an increasing demand, and, although
the fundamental principles of design are the same in

each engine, over forty varieties exist embodying some

improvement in detail.
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THE MOTOR SHIP

THE adaptation of the Diesel engine to marine purposes
has made remarkable progress since the first motor ship
was put into service. The economic advantages of

this type of ship compared with the steam-driven vessel

are numerous, and are more conspicuous than in a ship
driven by direct oil-fired boilers, which, in its turn, is

a considerable advance over the coal-fired ship.
It is true that the internal combustion engine for

marine use is still in its early infancy, and the various

engineering and chemical problems involved in its

design have not yet been thoroughly mastered. At the

same time, the advanced state of general knowledge
in these two branches of science is an advantage which
the early years of the steam engine did not possess, so

that it may be expected that the weaknesses of the

later type of power production will be quickly eliminated

and the engine brought to such a state of perfection
that it will be safely adaptable to vessels of much larger

tonnage than it is at present associated with. There

are many, indeed, who assert that the internal com-

bustion engine will rapidly displace the older form of

fuel firing, which is a point worth a moment's
consideration.

The conversion of a coal-fired vessel to an oil-fired

vessel is simple, and requires but a short time to effect
;

moreover, the steam engines, which are of a very costly

character, are retained. In the case of an existing

vessel, to substitute internal combustion engines for

the whole of the steam engine equipment would entail

81
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an enormous capital expenditure, apart from the fact

of the much higher cost of the former. The cost of a

direct installation is considerably higher than that of

a steam plant of similar horse-power. Generally speak-

ing, the former may be roughly taken at between 25

and 33 per cent higher than the latter, but it must be

remembered that there are many counter-balancing

advantages in the use of a Diesel driven ship over a

coal-fired steamer. There is, for instance, a larger

amount of space conserved for cargo, etc., by the

elimination of the boilers, and, therefore, the earning

capacity of the vessel would be proportionately increased.

The cost of fuel is also another important item in

favour of the motor-driven ship. It is clear that the

saving in oil as compared with its consumption when
burnt under boilers is great ;

in fact, it has been proved
in practice that a motor ship can be operated on about

half as much oil as that required for running an oil-

fired steamer, and that a ton of oil in a Diesel engine
will do the work of between 4 and 5 tons of coal. It

stands to reason and chemical knowledge that when
oil is consumed under a furnace in the manner it is at

present the thermal efficiency obtainable from it cannot

be secured in so high a proportion as when employed
in an internal combustion engine.

Comparing oil with coal, it has been estimated that

a ton of oil, when used in a Diesel driven ship, will do
as much work as from 4 to 5 tons of coal. The advan-

tages of such a means of propulsion are obvious, while

at the same time there is the further benefit of not being

dependent on coal. Expressing this fact in a simple

manner, the consumption of oil an hour i.h.p. on a

Diesel vessel amounts to 1-02 Ibs., compared with 1-5

to 1-6 Ibs. of coal. This means a saving of fuel of

approximately half a pound of fuel i.h.p. an hour,



THE MOTOR SHIP 83

which, if calculated out for a long voyage, will show an

enormous saving in the fuel bill alone, while at the same
time a very great reduction of time occupied in transit

is effected on account of the higher speed at which the

vessel will travel and the elimination of the lengthy
business of coaling.

In the early days of motor ships 8 and 9 knots was

the speed attained, but this was very soon increased

by improvements in the design of engine, resulting in

obtaining higher thermal efficiency.

The motor ship Vulcanus, one of the first vessels

equipped with internal combustion engines, consumed

134 tons of petroleum in 65-7 steaming days, or an

average ol 2-03 tons a day. This boat was of 1,235

tons deadweight capacity, and was fitted with six-

cylinder four-cycle Werkspoor-Diesel engines, and had
a speed of 8 knots. Its cargo-carrying capacity was
between 12 and 15 per cent greater than that of a steamer

of equal dimensions. In the Juno, a vessel with a

displacement of 2,345 gross tons, and a mean speed of

9 knots, the total consumption of fuel, for all purposes,
worked out at 86-21 tons of 4-75 tons a day for a

certain mileage. The Selandia, a motor ship of 4,950

gross tons, over a mileage of 268, consumed an average
of 8-6 tons of petroleum a day.
The total number of crew employed on the Vulcanus

was sixteen, and the cost of running a day amounted

to 6 6s. 5d., compared with a staff and crew of thirty

for the coal-burning vessel, and a cost of 9 Os. 7d. a

day.
At the present time, a vessel of 10,000 tons deadweight

capacity, and fitted with Diesel engines equalling 6,600

horse-power, makes a speed of 14 knots a remarkable

achievement, considering the comparatively short period

this type of internal combustion engine has been adopted
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for marine purposes. Concurrently with this, of course,

a considerable economy has been effected in fuel con-

sumption, which naturally varies, according to the

B.T.U. obtainable from the oil used, and the size of

the engine employed. A 13-knot ship attained an

average speed, loaded, over a long voyage, of 11-7 knots,

on a fuel consumption of 12-2 tons of fuel oil. The
maximum cargo carried, including 1,300 tons of oil,

amounted to 9,400 tons ; her cruising radius was 120

days at a speed of 13 knots. The fuel consumption
in i.h.p. worked out at 133 grammes.
The following table sets out concisely the speed and

fuel consumption of early and recent motor ships
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COMPARISON OF RUNNING COSTS OF DIESEL SHIPS AND STEAM
SHIPS OF 1,000 BRAKE HORSE-POWER
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vessels of large size, but it will be noticed that a rapid
increase is taking place in the tonnage of the motor ship,

and that a higher speed is now attainable on a lower

fuel consumption. One of the largest ships yet con-

structed, the Gleniffer, has a deadweight capacity of

10,000 tons, and is equipped with two sets of Diesel

engines, having a combined power of 6,600 h.p. It

has been estimated that this vessel can make 14 knots,

and will be capable of running from London to Australia,

and make more than half her return voyage without

replenishing her oil supplies. The advantages of such

a feat are obvious, both from the shipping company's

point of view and from that of the trader. The motor

ship, indeed, fulfils one of the vital conditions so essen-

tial to successful trade, namely, rapidity of transit,

due not only to its speed, but to the fact that bunkering
is eliminated during the voyage, which enables the vessel

to arrive at its destination ahead of a steam-driven

ship of even higher speed, and starting from port at

the same time.

In order to express the various economic advantages

attaching to the use of the motor ship I cannot do

better than reproduce a table (shown on the opposite

page) which was included in a paper read by Mr. James
Richardson, of Messrs. William Beardmore & Co., Ltd.,

before the Institution of Engineers and Shipbuilders of

Scotland, comparing the running costs of a Diesel

ship with those of steam ships of 1,000 b.h.p. in each

instance.

7 (1458F)



CHAPTER VIII

OILS FOR POWER PURPOSES

THE preparation and classification of oils for power

purposes and chiefly for use in the internal combustion

engine have not received the consideration and study

they deserve, and which is essential if the supply of oils

for this work is to be extended. Indeed, we have, at the

present time, a spirit of almost resentment on the part
of engineers that our chemists do not adapt the large

variety of oils obtainable to the Diesel engine, and a

similar attitude on the part of the latter, that the engine
is not adapted to the use of any and every description
of heavy oil. The responsibility rests, of course, on

neither, but there can be no doubt that each side of

the argument can contribute something towards the

solution of the problem. The results would certainly

be profitable to both and the respective industries.

At the present time, the range of oils suitable for burning
in the internal combustion is not large, and there are

oils of certain grades and characteristics which are

excluded by reason of some deficiency or of possessing
some ingredient which the existing types of engines
refuse to work on. This widening of the scope of suit-

able Diesel oils not only would relieve the drain on

certain classes of oils, but would, at the same time,

reduce their cost on account of eliminating the necessity
of special distillation, storage and transport, which has

now to be carried out.

The characteristics of an oil suitable for the Diesel

type of engine have been classified by the majority of
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manufacturers of these engines, though these do not

altogether indicate very clearly the precise description
of oil, or assist in their selection. The specific gravity
of an oil is not by itself any criterion of its suitability
in this connection, and, though the calorific value is an

important point, there does not appear to be any relation

between this factor and engine consumption. The
one point on which there appears to be general agreement
is flash point, for in all specifications it is fixed as having
to exceed 150 F. Viscosity is a vital point where

fineness of atomization is essential, and very viscous

fuels require heating before introduction into the engine,
a point which must be taken into account in selecting

an oil, as some descriptions become sufficiently mobile

once they are introduced into the piping system on the

engine, but under normal atmospheric conditions they
are of too high a viscosity to be handled in their cold

state. An important consideration also is that of ash

content which is regarded by some authorities as the

most important factor in the selection of a Diesel engine

oil, that is if freedom of trouble with the exhaust value

and unconsumed residue in the combustion chamber
is to be secured. The ash content should not exceed

06 per cent. The petroleums of the world may be

roughly divided into two distinct categories, namely,
those having an asphalt base, and those having a paraffin

base. The most suitable for the purpose under con-

sideration are obviously those having a paraffin base,

the largest supply of which is found in America, chiefly

in Pennsylvania. The fields producing these are slowly

becoming exhausted, and that is one reason why the

Diesel engine should be so constructed as to employ
any description of oil.

Petroleums possessing an asphalt base are generally
disliked for use in this type of engine, as this constituent
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will not distil, and, when heated, forms coke. On a

long sea run this disposition has been the cause of serious

trouble, while it detracts from the economic running of

the engine. The undecided position of this aspect of

the subject is indicated by the fact that in some quarters
a proportion ot 5 per cent asphalt was regarded as

the maximum an oil should contain, while in other

directions 15 per cent or even higher was stated as

allowable.

Gas and tar oils are also in use on some engines, though
the sources from which these are obtainable are not

sufficiently extensive to enable a large supply to be

relied on. The opinion of a high German authority on

the latter of these descriptions was that, even if they
were obtainable in sufficiently large quantities, they were

not sufficiently consistent in quantity, and were the

cause of too frequent break-downs during running.
Tar oils and gas oils mixed in various proportions

may be used, but this should not contain more than

25 per cent of the former.

This lack of standardization is also exhibited in the

figures quoted in certain fuel oil specifications for Diesel

engines.

The Anglo-American Oil Company gives the follow-

ing for an oil suitable for use in engines where

ignition is produced by the temperature due to

compression

Specific gravity at 60.F .... -890-910
Flash point 175 F.

Cold test below F.

Calorific value about 19,300
B.T.U.'s

No reference is made here to ash content or to

viscosity, both of which are important points.
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Another oil stated as being suitable for Diesel engines
has the following characteristics

Specific gravity at 20 C. (70 F.) . . -910
Closed flash point 230 F.

Asphalt . . .

'

. . . .8%
Water . . . . . ... -25%
Coke . . . . . . . 5-0%
Ash . . . . . . -02%
Sulphur 2-5%
Temp, of spontaneous ignition in oxygen . 260 C.

Gross calorific value ..... 19,200
B.T.U.

No mention is made, however, of the viscosity of the

oil.

For the solid injection type of engine the following

specification is recommended-

Specific gravity at 60 F. not above . . -9

Viscosity at 70 F. seconds (Redwoods No. 1) 300
Flash point (close test) not below . .150 F.

Sulphur, not exceeding . . . . 1%
Oil to be free from asphalt and ash.

The specifications preceding this are for engines in

which an injection is employed, and it is there-

fore apparent that the solid injection type restricts

the descriptions of oils suitable for this special

system.
In regard to tar oils, the following is stated to have

been used with success. This is the specification laid

down by the National Fuel Oil Company.

Sp. gr. 20 C. (50 F.) .... below 1-10

Flashpoint (open) . . . . . above 150 F.

Coke below 3%
Ash -05%
Matter insoluble in benzine . . .25%
Total water by vol. . . . .1-5%
Separated water ..... Nil
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Another example typical of a fuel oil of paraffin
base may be quoted

Sp. gr. at 20 C. .
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at a temperature of 32 F. The American specification
calls for a fuel oil having a flash point of not below

140 F., of a specific gravity of from -85 to -96 at 150 C. ;

it should flow readily at ordinary atmospheric tempera-
tures and under a heat of 1 ft. of oil through a 4 in.

pipe 10 ft. in length ; it should have a calorific value of

not less than 18,000 B.T.U.'s per Ib. In regard to

sulphur the British specification allows up to 3 per cent,

while the American places the limit at 1 per cent.

The data I have given and the general trend of the

evidence produced reveal what an extraordinary

diversity of practice exists throughout the world, and
there appears to be little agreement among experts
on this aspect of the subject. Yet, as has been indicated,

its importance is great, for in it undoubtedly lies the

future progress of the oil engine for marine purposes,
and every effort should be made to introduce a far

greater uniformity of practice in this respect. The
statements made even by experts are frequently of a

very vague character and do not assist in attaining
that precision which one has a right to expect, and which

alone can advance oil engine practice.

It is necessary also in concluding this brief review

to utter a protest in regard to incorrect nomenclature

of oils for use in Diesel engines. The term
"
crude

"

oil is frequently employed in referring to heavy oils.

Crude oil is the liquid obtained direct from the well,

and contains the lighter fractions as well as the heavier

oils which have to be removed before the ordinary fuel

oil is available. There are few crude oils which could be

used in an oil engine in their natural state, and, even

if this were possible, their use would involve the loss

of highly valuable products. There appears, indeed,

to be no definite practice in this terminology of oils for

fuel purposes. In some instances, one finds the vague
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terms fuel oil and Diesel engine oil employed, which

are altogether too vague and convey nothing to the

engineer. Valuable service would be rendered by one

or other of our associations if this question of nomen-
clature were seriously taken up, and a well-defined

classification formulated.

A table giving the ultimate analysis of various fuel

oils is included in the appendix.



CHAPTER IX

OIL FOR POWER AND HEATING IN INDUSTRY

MORE extensive use has been made of oil for steam

raising purposes and for heating in industrial processes
than is generally recognized, for the reason that little

publicity is given to installations of this description.
Since the fuel conditions in this country, however,
became aggravated by the prolonged coal strike, quite
extensive resort has been had to oil for power stations

and for steam raising purposes in manufacturing
concerns. The equipment for such work is, however,
of the simplest character, more so, of course, than that

connected with its marine applications, and it is un-

necessary here to enter into any detailed description of

this aspect of the subject. One or other of the oil fuel

systems in vogue is selected, and this, with the necessary

tankage and piping is adapted to the boiler employed.
This conversion is a work quite rapidly carried out, and
in the majority of cases so arranged that a return to

coal can be readily effected.

A more effective application of fuel oil is that in which

it is used for the smelting of metals and the heating of

semi-finished articles, such as nuts, bolts, rivets, etc.

By reason of its cleanliness and its great and equal

heat-giving properties oil should form an unequalled
medium for these purposes, and where it has been

adopted the results have shown how superior oil is to

coal, and what a great improvement is made in the

quality of the finished product. In order that this

advantage may be realized the following figures are

quoted, although since these results were obtained oil

has decreased in value relatively to coal. The figures

95
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refer to the cost of the fusion of 40 Ibs. of brass in a

Bickford Crucible Furnace.

With Coke

J cwt. of oven coke at Is. 3d. . . . 3-75

3% waste of brass 8-4
Crucibles (20 charges at 5s. a crucible) . 3

With Oil

| Gal. of oil at 2d., say .... 2-0

H% waste of brass 3-6

Crucibles (30 charges at 5s. a crucible) . . 2-0

7-6

Conditions in every direction have, of course, changed
since the date of this comparison, and, if anything,
more in favour of oil. The chief points noticeable are

the saving in waste metal, the increased number of

charges put through, the reduction in the quantity
of fuel used, and the consequent reduction in the cost

of production.
For smithy work, and for the manufacture of sheet

iron, the use of oil fuel has been found to afford great

advantages, economic as well as metallurgical. Attempts
have also been made to substitute oil for coke in the

blast furnace, though there are apparent difficulties in

this work which suggest obstacles to the practical

possibility of its success. At any rate I have seen no

record of its adoption as a commercial venture, and

presumably the experiments did not justify its con-

tinuance. It may be interesting to quote the remarks

made by a works manager when asked why he did not

employ oil in the blast furnace. Some inventive genius

may be able to solve the problem, and thus secure another

wide application to the liquid fuel.
"
Solid carbon,"

he remarked,
"
plays a very important role, especially
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in the upper level of the blast furnace shaft. Its func-

tion, especially with the fine ores, is largely to limber up
the charge and allow the flow of gas to penetrate the

charge evenly ; besides, incandescent carbon has certain

functions to perform in the blast furnace, which are of

a chemical nature, and which need not be discussed.

If coke or charcoal should be entirely replaced by oil

in the blast furnace, the charge would very likely become
too dense to allow the combustion gases to escape freely."

This is the problem confronting those who turn their

thoughts towards the substitution of oil for the solid

fuel in the blast furnace. At the same time, a system

may be found which would overcome the difficulties,

and if this were possible by the use of a pure fuel, such

as oil is or can be rendered, there can be little doubt

that the resultant product would be of a higher grade.



CHAPTER X

OIL STORAGE

THE capacities of the ocean storages of a country
controls the quantity of oil consumed within it, though
it does not indicate consumption, reserve supplies

having to be kept in hand to avoid a shortage and to

regulate prices.

The storage capacity available at the various centres

in this country is given in the following table. Necessar-

ily these figures must be approximate, but they represent

fairly accurately the enormous storage existing, and

indicate, indirectly, the vast requirements of the country
of an imported product

District.
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Oil Wharves, Limited. The system of unloading and

distributing the oil to the various tanks adopted by
this company is interesting, because of its simplicity
and efficiency. The system has been termed the
"
telephone method," and consists of a series of

"
ex-

changes
"

equipped with pumps which direct the oil

to the tank or group of tanks required. Briefly, this

is effected by the installation of a main "
exchange

"

ashore, which draws the oil from the tanker and transmits

it to the pumping exchange connected by means of a

pipe-line with the group of tanks which it is desired

to fill. Each tank in the group has its own separate

pipe which can be connected up with the pump inde-

pendently of the others. When this tank has received

its quantum of oil, the pipe is disconnected and linked

up with another, and so on. All exchanges are connected

consecutively, so that to load up the tanks in a distant

part of the storage installation, the oil is passed through
the necessary pumping

"
exchanges

"
until it reaches

the
"
exchange

"
controlling the group of tanks which

it is desired to fill.

Before and during the war the south coast, apart
from London, had to rely on oil storage capacity of

under 6,000,000 gallons, compared with Manchester

having storage for 40,000,000 gallons, and Hull for

20,000,000 gallons. The Port of Bristol had a storage

capacity of 29,000,000 gallons, or of 100,000 tons, which

was unequal to the great and increasing demands
made upon it. This port increased its tank storages
from 21,190 tons in 1882 to close on 207,000 tons in

1919. The new scheme which is, however, being

developed at this port not only will ease matters at

the present time, but will allow for expansion for several

years to come. The total area covered and definitely

let for the purpose of new installations at the Royal



100 OIL POWER

Edward, Avonmouth and Portishead docks, is over

50 acres, distributed among five important petroleum

distributing companies. The Shell Marketing Company
installation is situated at the Portishead dock, the Anglo-
American and the British Petroleum Companies occupy
sites in the Avonmouth dock, and the Anglo-Mexican

Petroleum Company at the Royal Edward dock. In

addition to these, the British Mexican Petroleum

Company has engaged a site at the same dock. The
Avonmouth dock is 2,180 ft. long, and 500 ft. in width,

and has a depth of water on its sill of 38 ft. on mean

spring tides, and 28 ft. on mean neap tides. The dock

covers an area of 19 acres, and has a wharfage of over

1,600 yards. The Royal Edward dock has a length of

1,120 ft. and a width of 1,000 ft., covering an area of

30 acres, and having a wharfage of 3,730 ft. It has

a depth of water of 46 ft. on mean spring tides, and 36 ft.

on mean neap tides. This dock is connected with the

Avonmouth by a cutting of 525 ft. long and 85 ft. wide.

Portishead dock is 1,800 ft. long and 300 ft. wide, and

has a length of wharfage of 943 yards. It is possible
for vessels to enter this dock in any weather from the

deep fairway of the Channel without the assistance of

tugs. The Royal Edward dock has a length of 875 ft.

and an entrance width of 100 ft., and the facilities of

this dock are shown by the fact that one of the largest

oil tankers was brought in for repairs and overhauled.

Important developments are also taking place at

Southampton, which is becoming more and more a port
of call for large Atlantic liners and other vessels. The
British Mexican Petroleum Company, the Anglo-
American Oil Company, and the Agwi Petroleum Cor-

poration are all establishing storage facilities at this

port. The British Mexican Company have a wharf at

Itchen, and have bunkered many large vessels by means
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of their barges, which go alongside vessels wherever

they may be. The company owns seven acres of land

which is being converted into an oil fuel depot and

bunkering station. The total capacity of the tanks

will be 24,000 tons, and these are connected to the

jetty at the mouth of the Itchen by means of pipe-lines.

The channel when completed will have a depth of 30 ft.,

allowing oil tankers to reach the jetty. From here the

oil is pumped into the tanks or in the case of bunkering a

vessel in Southampton water the oil is transferred from

the tanks to lighters which carry the oil out to the

vessel.

The Agwi Petroleum Company's facilities included

several berths, each of which will consist of a wharf

of from 80 to 100 ft. long, and, when completed, it will

be possible to berth tankers of 15,000 tons.

An extensive oil fuel depot and bunkering arrange-
ments have been installed by the British Mexican Com-

pany on the Clyde. The site of the depot occupies a

considerable area, extending from the North British

Railway Company's line to low-water mark of the river

frontage. The disadvantage of being unable to turn

a ship in the navigable channel of the river after receiving

her bunkers has been overcome by the construction

of a basin. This basin is 600 ft. in length and 200 ft.

in breadth. Four 10 in. pipe-lines heated by internal

steam pipes run out from the tanks to the heads of four

specially-constructed jetties, which project from the

east side of the basin, and are so designed as to accom-

modate vessels at the most convenient angles, having

regard to prevailing winds and tides. The storage

capacity of the tanks at the station is 20,000 tons,

and oil is pumped down the pipe-line by two of the

largest pumps which Messrs. G. & J. Weir have yet

constructed, enabling a ship with sufficiently large pipe
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connections to receive oil at the rate of 400 or 500 tons

per hour. The unique arrangement of valves in the

power-house makes it possible for two or three ships to

be bunkered simultaneously in the basin, and at the same
time for a tanker to pump oil up to replenish the stock

in the storage tank. The company have made arrange-
ments for a satisfactory means of bunkering boats at

the tail of the bank, or at any point in the Clyde.
For this purpose a number of steel barges with

capacities varying from 300 to 1,200 tons have been

provided.
In the storage of the large quantities of fuel oil during

the war extensive concrete reservoirs were built at

Rosyth, designed for a total capacity of 60,000,000

gallons. Although this type of reservoir had been

employed in oil-producing countries abroad, this was the

first occasion of their use in this country, and they were

built partly in mass concrete and partly in reinforced

concrete. The utmost care was taken to lay the

concrete so that there might be a minimum of cracks,

but despite all this it was found necessary to cover the

floor with 6 in. of concrete having two layers of expanded
metal in it. The mix of this further layer was 2 : 1|- : 1,

other mixes being 7:3:1, the stone being broken to

pass through a 2 in. ring for mass work, and the fine

concrete for facing was composed of a mix of 3 : 1| : 1,

the stone being broken to pass through a ^ in. ring.

The usual form of holder is a cylindrical steel tank,

which may be obtained in various standard sizes. A
typical example of the 2,000,000 gallon tank is 114 ft.

6 in. diameter by 32 ft. high, with a bottom plate of

j in., the first or lowest course of all plates being f in. ;

a somewhat heavier type, having the same capacity,
is 112 ft. diameter by 32 ft. 9 in. high, and having | in.

bottom plates and $ in. plates for the first course.

8 (1458F) 20 pp.
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In both cases the roof, which is of the lightest construc-

tion, is supported from a central tower. An obvious

advantage of steel tanks is that they occupy very little

space compared with their capacity, and in the case of

a fire it is seldom that a whole tank collapses. On the

other hand, an advantage of concrete tanks is that the

oil contained will not be affected to a very great extent

by atmospheric temperature fluctuations, so that the

amount of steam heating required will remain fairly

constant during any one season of the year.

With the great increase in the adoption of oil vessels,

extensive arrangements have had to be made for bunker-

ing vessels with oil at various ports along the main

trade routes. This chain of storage depots has now
become so world-wide, and is so well organized, that

wherever an oil-driven vessel may be she can replenish
her fuel supplies as readily as coal burning ships can

bunker.

The following are the chief ports where oil depots
are now established Adelaide, Alexandria, Amoy,
Amsterdam, Antwerp, Augusta (Sicily), Avonmouth,
Birkenhead, Barrow-in-Furness, Belfast, Bremerhaven,

Batavia, Bangkok, Buenos Aires, Bilbao, Balik Pappan,

Bombay, Brixham, Bizerta, Bergen, Baltimore, Bayonne
(New Jersey), Barbados, Boston, Cardiff, Constanza,

Colombo, Calcutta, Canton, Capetown, Campana, Callao,

Curacao, Copenhagen, Christiania, Dublin, Enna, Foynes

(near Limerick), Foochow, Grangemouth, Glasgow,

Genoa, Gothenburg, Galveston, Hull, Hamburg, Hong
Kong, Hangkow, Halifax (Canada), Havana, Honolulu,

Iquique, Jacksonville, Kobe, Karachi, London, Las

Palmas, Lisbon, Manchester, Mombassa, Madras, Mel-

bourne, Monte Video, Macassar, Manila, Montreal,

Noworowik (Batun), Nagasaki, New York, New Orleans,

Newcastle, Norfolk, Va Oregon, Port Edgar (Firth of
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Forth), Portsmouth, Purfleet, Plymouth, Penang,
Portland, Port Said, Prince Rupert, Philadelphia, Port

Arthur, Providence, Pernambuco, Rouen, Rangoon,
Rio de- Janeiro, Rotterdam, Sunderland, St. Louis

(France), Suez, Sorenbar, Surabaya, Singapore, Saigon,

Swatow, Shanghai, Santos, St. Thomas, St. Vincent,
San Francisco, Stockholm, Southampton, Savona, San

Juan, San Pedro, Thames Haven, Tampico, Tuxpam,
Trinidad, Tampa, Vancouver, Vera Cruz, Valparaiso,

Venice, Yokohama.



CHAPTER XI

THE DISTRIBUTION OF OIL

THE distribution of oil may be said to commence at the

well. When the crude oil is raised, either by means of

a boiler, which is a cylindrical iron receptacle from
12 to 14 ft. in length, and of less diameter than the

bore-hole, and is lowered into the oil, filled and raised

again, or by pumping, or if the well is a gusher, it is

directed into pipes leading to tanks in which it is stored.

From these tanks the crude oil is conveyed to the refinery
also by pipe-line. The crude is there split up into its

various products, which are stored awaiting distribution.

When the producing fields are long distances from

the shipping port, as in the case of Baku and the Persian

fields, overland pipe-lines are laid, usually of larger

diameter than those employed on the field. The Russian

oil-producing centre possesses a pipe-line about 650

miles in length, which is equipped at intermediate points
with powerful Worthington pumps which drive the oil

to Batum, the European shipping port of the Black Sea.

The Persian oil-fields are tapped by a 600-mile pipe-line

by which the petroleum is conveyed to storage tanks

on the Persian Gulf. In the case of the Mexican fields

the oil products are drawn from the storage tanks, and

by means of a pipe-line are carried to the tank steamer

lying some distance at sea, the formation of the coast

not allowing the vessels to come close into shore. In

the United States, the length of pipe-line running from

the fields to the collecting centres runs into several

thousand miles, and is the most perfect system of

pipe-line in the world. This method of transport by
106
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pipe-line is the most effective, the simplest, and, in the

long run, by far the cheapest. There is, oi course, a

certain amount of waste through leakage, but this

defect is inherent in practically every form of transport.
From the tanks containing the distilled products

the various oils for foreign distribution are loaded into

tank steamers and conveyed to tank storages at the ports
of destination. For distribution in the country of

production railway tank wagons are employed, and lor

local distribution from local centres the road tank wagon
and the water wagon for carrying oils in small quantities
are used.

The tank steamer by means of which the petroleum

products are conveyed from oil-field ports to foreign
markets is one of those modern methods which have
contributed very largely to the extended use of oil for

various purposes. It has been the means of saving
millions of gallons of oil by reducing wastage, and by
carrying such large quantities in bulk has reduced the

cost of transport and enabled prices to be kept at a

reasonable figure. Previous to the adoption of the bulk

method of conveying oil from the fields to the importing

country, the traffic was carried on by means of barrels

and cases, and at the present time a considerable quantity
of oil is dispatched to the Far Eastern markets in the

latter form of receptacles. An enormous amount of

wastage occurred in the use of wooden barrels, and in

order to obviate this a steel barrel was introduced, and

is now very extensively used. Barrel transport is now,

however, almost entirely restricted to the distribution

of lubricating oils. It is estimated that approximately
1,500,000 million barrels are in service in this direction.

Since the inception of the tanker its size has been

greatly increased. When the Eagle Oil Transport

Company laid down its programme it included vessels
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capable of carrying 10,000 tons of oil as a single cargo,
as well as a number of vessels having a dead-weight

capacity of 15,000 tons. At that time these were the

largest afloat, but this company subsequently launched

a tanker having a carrying capacity of over 18,000 tons.

Great credit must be given to Sir Marcus Samuel, who
initiated this system of oil transport from the Borneo

fields to this country, and, in order to obviate the neces-

sity of sending the
"
Shell

"
tankers back empty, a

special means of cleansing the oil tanks was devised,

which enabled even the most susceptible cargo to be

loaded into the tanks.

In addition to the ocean storages referred to, there

are a very large number of subsidiary storages arranged
at convenient places inland for local distribution, the

oil being conveyed from the main storage by means of

railway tank wagons and motor vehicles. In addition

to these, however, there are a large number ot subsidiary

storages on the coast, which are fed by means of coastal

boats, also from the ocean storage. In order to meet

the enormous ind widespread demand for the large

variety of oils consumed in this country for purposes
of transport and industry, thousands of small storages
and agencies exist throughout the kingdom. It is

estimated that the number of tank wagons engaged in

carrying oil in this country is about 3,000, and in dis-

tributing the various oils to agencies an extensive fleet

of motor wagons and horse-drawn vehicles is provided,

delivery in these cases being in the form of barrels and

tins. It is estimated that there are about 300 motor

wagons on the road for oil distributing purposes in

this country.
The greater portion of the oil imported to Manchester

and other parts is carried in bulk by tank steamers,

although considerable quantities of barrelled oil are





110 OIL POWER

brought to the port of Manchester by the regular liners

from North America. The facilities at some of the

installations include special conveyors for the quick
and economical handling of barrelled oil from ship into

storage depot alongside. The oil is distributed from

these storages by rail and by road vehicles, while there

exists water transit by means of tank barges over the

inland canal systems of Lancashire, Yorkshire, and the

Midlands. Hitherto the polity of the directors of the

Manchester Ship Canal Company has been to prohibit
the passage over the waterway of petroleum spirit or

other oils flashing at less than 73 Fahr., but, in order

to meet the request of the principal firms who desired

to establish depots on the waterway for low flashing oils,

the Canal Authorities decided to permit petroleum

spirit, etc., to be imported into the lower section of the

Canal near Eastham. The facilities to be granted for

dealing with the traffic include the construction of a

dock at Stanlow Quarry, with an entrance and turning

basin, in which tank steamers laden with such com-

modities could be accommodated. The dock would be

closed by means of a floating caisson to prevent, in case

of accident, the escape of spirit into the Ship Canal.

The last ten years have shown remarkable growth
in the number of oil-tankers in use, no fewer than over

500 vessels having been put into service during this

period. The number of tankers now in use throughout
the world is approximately 750, representing close on

4,000,000 tons. It is somewhat difficult to ascertain

the annual carrying capacity of this fleet, but, if we allowed

a round trip every two months, this would enable

24,000,000 tons of oil to be transported. There are,

however, a large number of vessels, which could accom-

plish more journeys than this each year, and, allowing
for these, it is probable that the total quantity of oil



DISTRIBUTION OF OIL 111

transported from the various sources of production

approximates more nearly to 30,000,000 tons.

The bulk of these oil-carrying vessels are constructed

on the Isherwood longitudinal system, the proportion

amounting to about 86 per cent. Another system of

oil tanker construction was introduced about a year

ago, which deserves reference. In this method of

construction the main transverse frames and beams
include ordinary rolled sections spaced in the ordinary

way, but they are simple units not supplemented by
floors, web frames, or any such additional material and

obstruction in common use. Uniformity of stresses

and sufficient strength are obtained in the frame

members by the introduction of built longitudinal

members running from and connected to the transverse

boundary bulkheads at the ends of each compartment
or hold. The longitudinal members consist of the

vertical keelsons along the bottom, which are connected

to the transverse frame bars and the shell plating of

the ship, and of the horizontal side stringers or shelves,

which are disposed along the sides of the vessel, and

are similarly connected.

By virtue of this design ordinary transverse frames

and beams are used, but floors are entirely dispensed with,

and the usual deep vertical webs may be either dispensed

with or reduced in number, the necessary strength being

secured by the introduction of deep keelsons extending
and connected to the bottom plating and by horizontal

stringers or shelves suitably spaced and arranged and

extending, like the keelsons, the full length of each hold

to the boundary transverse bulkheads to which they
are securely connected. The frames may be in one

length from the deck to the centre keelson of the ship,

and suitably connected thereto, or cut at one or more

of the other keelsons, and their ends suitably connected

8A (1458F)
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thereto, uniform stress on the frames being obtained by
a suitable disposition and arrangement of the keelsons

and the stringers. Advantage is taken of the close

spacing of the transverse bulkheads in these vessels,

and of the great strength provided by the continuous

longitudinal centre line bulkhead to spring fore and aft

girders along the bottom and under the deck, and

connecting these to the transverse bulkheads
;
and by

fitting strong stringers or horizontal girders round the

sides and bulkheads, forming the whole into a series

of box-like structures, adequately strengthened by
these horizontal and vertical belts of deep girders.

The distinguishing characteristics of the system of

construction are its extreme simplicity and the reduction

of the different sizes of sections involved, the general

uniformity in length and dimensions of these, the speed
and facility with which the whole ship's structure can

be put together, and the consequent reduction of the

amount of labour and time involved. There are further

advantages of openness and accessibility of all the holds

and spaces, and the minimum amount of work and time

involved in the event of damage repairs being required
in any part of the structure.

Another aspect of tanker construction is that the

piping essential to efficient work is of a most complicated

character, and the difficulties of attending properly
to this installation are obvious. With the object of

simplifying this work, as well as of improving generally
the construction of merchant vessels, a device known as

the Duct Keel was introduced. This form of keel is

said to provide a solution of the problems which have to

be faced in arranging for the necessary suction and filling

systems, and also for the heating pipes. On the vessels

now under construction, in which this system is adopted,

practically the whole of the oil fuel and bilge systems
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are accommodated in the box keel, and the saving in

the cost of the installation is very marked, while the

accessibility of the piping under all conditions of loading
should prove of great convenience. The difficulty of

attending on piping systems which run either through
oil fuel tanks or through the bilges into oil fuel tanks

is very considerable, and this is stated to be entirely

eliminated when the piping systems are run through
a duct keel.



APPENDIX
SPECIFIC GRAVITY AND WEIGHT PER CUBIC FOOT OF
PETROLEUM REFUSE AT VARIOUS TEMPERATURES

Water = 1-0000 specific gravity, at 17 Cent. = 63 Fahr.

Temperature
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CONVERSION TABLE FOR DEGREES BAUME

Degrees
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EXPANSION OF PETROLEUM
The co-efficient of expansion varies with the specific gravity

of the oil, and for burning oils between s. g. -795 and -825 is

about
For 1 Fahrenheit -0004 or ^%

,, 1 Centigrade -00072 or -^%
,, 1 Reaumur -0009 or J%

For benzines it is higher, being about -00045 for each degree F.
;

whilst for solar and lubricating oils it is lower, being about -00038
for solar, and from that figure to -00035 for the heavier lubricating
oils.

EXAMPLES
If the specific gravity of oil is -800 at 60 F., what would it be

at 85 and 32 ?

60 = -800 60 = -800

85 32

Difference 25 28
X -0004 = -010 x -0004 =-0112

790 -8112

What would be the increase of bulk in 50,000 cub. ft. of oil

if the temperature rose from 60 to 85 F. ?

Difference of temperature = 25 X ^ =
f or f%'

Therefore the total volume of the oil at the increased tem-

perature (85) would be 50,000 + 625 = 50,625 cub. ft.

CONVERSION OF CENTIGRADE TO FAHRENHEIT
The three thermometric scales are : Celsius or Centigrade ;

Reamur, still used in Russia
;
and Fahrenheit. The formulae

for converting one to another are

To convert C to R . . . C X = R
R to C . . . R x = C
C to F . . . (C x ) + 32
F to C . . . (F

-
32)

F to R . . . (F-32)
R to F . . . (R x )

THERMAL UNITS

The British thermal unit is the amount of heat required to

raise 1 Ib. of pure water 1 F., or from 39-1 F. to 40-1 F.

The large calorie (French unit) is the amount of heat required
to raise 1 kilogram of water through 1 C.

The small calorie (scientific unit) is the amount of heat required
to raise 1 gramme of water from C, to 1 C.
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The pound centigrade unit is the amount of heat required to
raise 1 Ib. of water from C. to 1 C.

Britbh
Thermal
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SPONTANEOUS IGNITION OF LIQUID FUELS
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90 et seq.
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ships, 50

Steamship and motor ship,

running costs of, 86
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Suitable oils for Diesel engines,

widening scope of, 88
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UNITED States, consumption
of fuel oil in, 46 ; produc-
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WATER-TUBE boilers for oil-
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