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I t is, I  tliink , somewhat unusual in  the  experience of any 
society to find two papers dealing w ith the same subject upon 
the program  for the same session. I  confess, therefore, th a t  I  
fe lt considerably em barrassed when, afte r I  had given the  sub­
jec t and title  of m y paper as “ L iqu id  F u e l,”  I  learned th a t 
M r. Jam es S. G ander, a m ember of your society, had under­
taken to read a paper upon the same subject. I t  seemed to me 
th a t you were in  danger of having “  too m uch of a good th in g ."

I  reg ret th a t  an unm erciful pressure of work prevented me 
from being present when M r. Gander subm itted his paper to 
you, bu t, having had the pleasure of read ing  carefu lly  M r. 
G ander’s exceedingly in teresting  and instructive address, I  
was relieved to find th a t neither his nor m y paper can be re­
garded as superfluous b u t ra th e r th a t, quite undesignedly, each 
m ay be taken as com plem entary in  re la tion  to the other. I  
hope, therefore, th a t M r. Gander will not regard  me as too p re­
sum ptuous in seeking thus to “ tag  on”  m y am ateurish  efforts to  
his illum inating  discourse, and, perhaps, to profit by  the  in ­
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terest which he has aroused in  the subject, bu t I  should like, 
in  advance, to relieve his anxiety  and yours by explain ing th a t, 
while he has m ainly  and profitably directed your atten tion  to 
the fu tu re of the g reat problem which we have now under con­
sideration, m y contribution to the discussion is m ain ly  re tro ­
spective and concerns itself w ith the question “  W hence and 
w hat is Oil F u e l? ”

H um an beings may, I  th ink , be broadly divided into two 
classes, prophets and historians. M r. G ander evidently  be­
longs to the form er category and seeks to reveal to his 
fellows, and to promote the realisation of the great 
potentialities which he associates w ith his subject while 
I  am  content, like “ Dominie Sam pson,”  to perch on a 
ladder in  m y own little  lib ra ry  or to ransack the m usty records 
of the P a ten t Office for the inform ation which I  require. As, 
under these circum stances, i t  is evident th a t m uch of the in ­
form ation which I  shall lay before you is derived from external 
sources, I  shall take the liberty , in m any cases of quoting the 
words and, in  all cases, of giv ing the names of m y au thorities 
in  order th a t “ H onour m av be rendered to whom honour is 
due.”

H aving regard  now to the various suggestions which underlie 
the expression “ L iquid  F u e l,”  I  th ink  th a t we m ay deal w ith 
these under the following headings and in  the order in  which I  
give th e m : —

Liquid Fuel, H istorical.
O rigin and Constituents of Petroleum .
Combustion or Oxidation.
Surface Combustion.
U tilization  of L iquid Fuel.
U tiliza tion : E arly  Devices.
U tiliz a tio n : M odern Practice.
In te rn a l Combustion Engines.
N ature and Properties of L iquid  F uel.
Oils available as Fuel.
Fuel V alues: Therm al and Commercial.

L i q u i d  F u e l , H i s t o r ic a l .

Upwards of fifty years ago I  occupied the useful, if  not lucra­
tive, position of office boy in  a shipping house in  Greenock. 
There we were visited by m any Am erican ship-m asters, who, 
in  th e ir leisure, used to en terta in  us youngsters with 
s ta rtlin g  tales of the wonders of th e ir g reat C ontinent. 
Among these tales I  rem em ber two. The first was th a t
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they  obtained oil from  boreholes or wells, as we do w ater in  th is 
co u n try ; the second, th a t, in  the event of any political com pli­

cations arising  between our respective countries, they  “ guessed”  
th ey  would ju s t tow our old island across to th e ir side of tlie 
pond and settle m atters there. W e accepted both statem ents 
w ith the respectful incredu lity  to which they  seemed to be en­
titled . T hat would be about 1860, the tim e of the A m erican 
civil war, and you m ay remem ber, a lthough I  did not know it 
then, th a t petroleum  had been discovered in  Am erica in  1859.

In  1863 I  transferred  my services to a firm of petroleum  im ­
porters in  Glasgow where I  soon learned th a t the “  Yankee skip­
pers’ ” tales of oil, which we had discredited, were not en tirely  
of the order of the A rabian n ights, bu t were founded upon sub­
stan tia l facts. This little  incident, insignificant enough in 
itself, is in teresting  to me as fixing indelib ly  in  m y m ind the 
b irth , though i t  was destined to a long period of adolescence, of 
the liquid fuel industry . For, a lthough Jam es Y oung, the 
fa ther of the m ineral oil trade, had taken out his famous paten t 
in 1850, i t  m ust be remembered th a t lie only contem plated the 
production of lam p oil, lub rica ting  oil, and paraffin wax, and 
did not deal w ith other articles.

Therefore, i t  was not ti ll  Colonel Drake “ Struck ile ”  on 
28th A ugust, 1859, in Venango County, Pennsylvania, and re ­
vealed to an astonished world the possibilities of illim itab le  sub- 
plies of a new and strange m ateria l, th a t  the first suggestion was 
offered th a t the monopoly long enjoyed by coal and wood and 
peat as the only practical fuels for in d u stria l purposes, was 
about to be challenged by a new com petitor.

I t  is strange now to reflect th a t,' a lthough Petroleum , to give 
i t  its  m odern nam e, had been unknown to western civilisation till  
its discovery in Am erica by Colonel D rake in  1859, i t  had been 
known to eastern nations for upwards of th ree or four thousand 
years, and had been an article of commerce for several centuries 
before Europeans were aware of its existence.

I t  is now generally  conceded th a t, in  the frequent references 
in  the Old Testam ent, from  the days of N oah, upw ards of 3,000 
years B .C ., to bitum en, p itch  and slime, some kind of ea rth  o r  
rock oil is m eant. Thus we read t h a t : —

15.C. 3300, Noah was ordered to make an  ark of Gopher- 
wood, and to “ p itch  i t  w ith in  and w ithout w ith  p itch .”  

B.C. 2300, in  reference to the Tower of Babel, “  bricks 
had they  for stone and slime had they  for m o rta r.”
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B.C. 2000, we find the statem ent th a t  “ the vale of 
Siddim  (now supposed to be the Dead Sea) was fu ll of 
slime p its .”

B.C. 1500, “ He made Jacob to suck honey out of the 
rock and oil out of the flinty rock.”

B.C. 1500, Job says “ and the rock poured me out 
rivers of o il.”

T urn ing  to profane history  we find, according to Herodotus, 
th a t  the Zoroastrians, the “ fire w orshippers”  of P ersia , about 
450 B . C . ,  worshipped the eternal fires which they  found in  the 
neighbourhood of the B lack Sea. I t  is, however, now assumed 
th a t the flames which they  regarded w ith superstitious awe pro­
ceeded from some n a tu ra l gas escaping through  a fissure in  the 
rocks or from some little  oil spring oozing through  the ground 
and accidentally  ignited . This probably happened in  the 
neighbourhood of the peninsula of Apsheron in  the Caspian Sea, 
b lit the commercial value of the wells was not realized t i l l  the 
th irteen th  century, when they  became the subject of m uch 
fighting for th e ir possession on the p art of Persians, A rm enians, 
and Russians, the victor, for the tim e being, tak ing  the  wells 
and th e ir produce for his rew ard. A fter m any changes of 
owners, the coveted prize finally (about 1800) fell into the hands 
of the Russians, who still hold it.

Suffice it  now to say th a t, w ith the benefit of scientific develop­
m ent and abundant capital, the R ussian fields contribute about 
one-fifth to the w orld’s to ta l production of oil.

I f  i t  is strange th a t Europe should have rem ained so long in 
ignorance of the g reat oil industry  which was being carried on 
alm ost a t its eastern gate, i t  is less to be wondered a t th a t  she 
should have been equally ignoran t of a sim ilar industry  which 
had been carried on unobtrusively in  the fa rth e r east. I  refer
lo the m ineral oil w ealth of B urm a, a country  now under 
B ritish  sway. One of the first w riters to call a tten tion  to G reat 
B rita in ’s oil resources in  In d ia  was the late  Charles M arvin, a t 
one tim e a clerk in  the Foreign Office who got him self into 
trouble and disgrace by the prem ature and unauthorized pub li­
cation of a certain  trea ty  w ith a foreign power. T hereafter he 
betook him self to journalism  and seems to have given special 
a tten tion  to the R ussian and In d ian  oil fields. Subsequently, 
w ith  a prophetic vision of the p art petroleum  was likely  to p lay  
in  industria l developments and of the im portance a ttach in g  to 
B rita in ’s command of her share of the w orld’s supplies, he pub­
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lished, between 1884 and 1889, a series of lu rid  pam phlets w ith 
such s ta rtlin g  titles as “ Baku the P etro lia  of E u rope ,”  “ Mo­
loch of Paraffin ,”  “ Coming deluge of R ussian P e tro leu m ,” 
“  E ng land  a Petroleum  Pow er,”  “  The Coming Oil Age and the 
G reat C anadian Oil F ie ld s .”  The first of these pam phlets was 
published th ir ty  years ago, and th e ir au th o r’s predictions have 
been am ply verified*. B urm a having been for centuries a 
terra incognita, i t  is difficult to obtain any inform ation regard ­
ing  its early  h istory  or its  industries, bu t it  seems to be gener­
ally  accepted th a t its oil trade had its origin in  preh istoric times 
and th a t, for centuries before the country was opened up to 
Europeans, i t  had sent its  products to In d ia  and other 
neighbouring countries. M arvin says th a t  “  A n account 
published by Colonel Symes, in  1795, m entions th a t  there 
were then  500 wells in  operation, the estim ated annual 
yield being 90,000 tons. Two years la te r C aptain Cox 
estim ated the yield a t 92,781 tons. In  1835 C aptain  ITan- 
nay described the output as being still about 93,000 tons.”  In  
the U .S . Geological Survey for 1912, In d ia , m ainly  B urm a, is 
credited w ith 1 m illion tons. F o r the same year and by the same 
au thority , Canada, the other B ritish  oil field, is credited w ith
39,000 tons.

As throw ing  fu rth e r lig h t upon the an tiq u ity  of eastern 
petroleum , I  quote a few words from  a recent book “  Petroleum , 
the Motive Power of the W o rld ,”  by W . S. Tower and J . 
Roberts, who s a y :

“ Among the nations of the F a r  E ast, the knowledge of 
b itum ens goes fa r back into the ages of the dim  past. The 
ancient records of China describe the use of n a tu ra l gas, 
for both fuel and lig h t, centuries before the C hristian  era. 
Japanese h istory  says th a t  the ‘ bu rn ing  w a te r,’ as petro­
leum  was called, was first discovered and used about 615
A . D . ”

My purpose in  occupying so m uch of your tim e in  showing you 
the an tiqu ity  and the wide d istribu tion  of petroleum  is to sug­
gest th a t, if, by spontaneous exudations and accidental dis­
coveries, so m uch has already been found, i t  seems reasonable to 
suppose th a t  the world is satu ra ted  w ith oil, and th a t, by 
system atic investigation, supplies are likely  to be discovered in  
every habitable quarte r of the globe and in greater volume th an  
those of our coal measures which appear to be rap id ly  approach­
ing  exhaustion.

* The recent British Persian “  Oil deal ”  fu rther justifies M arvin’s predictions.
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P r o d u c t io n .

By the courtesy of D r. George Otis Sm ith, D irector of the 
U .S. Geological Survey, who lias been good enough to furnish 
me w ith  a copy of th e ir annual review of the trade , I  am now 
enabled to subm it the accom panying table showing the w orld’s 
production of petroleum  for the years 1907-1912.

T A B L E  I .—W O R LD ’S PRO DUCTION OF CRUDE PE T R O L EU M , 1907-1912. BY 
COU NTRIES, IN  BA R R ELS.

Source.
1907. 1803. 1909. 1910. 1811. 1912

Barrels. Barrels. Barrels. Barrels. Barrels. Barrels. Per cent 
of total

United States 166,095,335 178,527,355 1?3,170,S74 209,557,248 220,449,391 '222,113,218 63-25
Russia 61,850,734 62,186,447 65,970,350 70,336,574 66,183,691 68,019,208 19-37
Mexico 1,000,000 3,481,410 2,488,742 3,332,807 14,051,643 16,558,215 4-71
Dutch East 

Indies 9,982,597 10,283,357 11,041,852 11,030,620 12,172,949 10,845,624 3-09
Roum ania . . 8,118,207 8,252,157 9,327,273 9.723,806 11.107,450 12,991,913 3-70
Galicia 8,455,841 12,612,295 14,932,799 12,673,688 10,519,270 8,535,174 2-43
India 4,344,162 5.047,038 6,676,517 6,137,990

1,930,651
6.451,203 7,116,672 2-03

J  apan 2,010,639 2,070,145 1,889,563 1,658,903 1,671,405 •48
Peru 756,226 1,011,180 1,316,118 1,330,105 1,368,274 1,751,143 •50
Germany .. 756,631 1,009,278 1,018,837 1,032,522 1,017,045 995,764

213,614
•28

Canada 788.872 527,987 420,755 315,895 291,096 ■07
Italy 59,875 

a 30,000
50,966 42,388 42,388 74,709 a 86,286 •02

Other a 30,000 a 30,000 a 30,000 a 200,000 250,000 •07

T otal  . . 264,249,119 285,089,615 298,326,073 327,474,304 345,512,185 351,178,236 100 00

Increase over 
previous year _ 7-88% 4-642 9-772 5-522 1-632 —

a == E stim ated. 1 metric ton =  7.19 barrels.
From  “ The Production of Petroleum in 1912,”  by David T. Day. 

Published a t the Government P rin ting  Office, "Washington.

Complete re tu rns for the W orld’s production of Petroleum  
for 1913 are not yet available, bu t the following particu lars 
from the U .S. Geological Survey Press B ulle tin  for Jan u a ry , 
19’14 are in teresting as showing the production of the U .S . in 
the various States.

The increase in  1913 as compared w ith 1912 shows 20 m illion 
barrels—about 2,781,700 tons.



I t  is to be hoped th a t the to tal W orld ’s production m ay show 
■a sim ilar increase.

LIQ U ID  FU E L . 95

T A B LE I a . — PRO DUCTION OF PE T R O L EU M  IN  U .S .A ., 1913.

State. 1913. 1912.

California 98,000,000 86,450,767
Oklahoma 62,500,000 51,427,071
Illinois .. 22,000,000 28,601,308
Texas 14,000,000 11,735,057
Louisana 12,000,000 9,263,439
W est Virginia 11,000,000 12,128,962
O h i o ................................................................. 8,000.000 8,969,007
Pennsylvania 7,000,000 7,837,948
Wyoming 3,000,000 1,572,306
Kansas 2,000,000 1,592,796
Indiana 900,000 970,009
New York 800,000 874,128
Kentucky 500,000 484,36S
Colorado 200,000 206,052
Other States .. 100,000 —

Total 242,000,000 222,113,218

O r i g i n  a n d  C o n s t i t u e n t s  o f  P e t r o l e u m .

H aving  given you a hasty sketch of the early history  of pet­
roleum , we may now devote a few m inutes to consideration of 
its orig in  and its composition.

O rigin .— I  remem ber th a t, in  the early days of the m ineral 
•oil trade, much in terest and speculation were aroused, among 
those who were engaged in the trade themselves, and m any who 
were outside it, regard ing  the origin and natu re  of the mys­
terious liquid . Three theories had th e ir respective advocates.

1st. The first, and probably most popular, was th a t the oil, 
like coal, was of vegetable origin, and was due to subterranean 
distillation , the gases rising  ti ll  they encountered some cooler 
s tra ta  in which they  were condensed and in which they lodged 
u n til they were released by some enterprising borer.

2nd. The second theory was th a t the oil was produced from 
beds of m yriads of anim alculae (either land or m arine) from 
which oil was produced by n a tu ra l d istillation  and condensa­
tion  as in the case of No. 1.

3rd. The th ird  theory was th a t the oil was produced by the 
action of heat and water upon the elements of which the world
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is composed, the carbon of the earth  com bining w ith  the hy­
drogen of the w ater to produce the liquid  hydro-carbons whicb, 
afte r untold thousands of years, we are now tu rn in g  to profit­
able account.

S im ilar discussions raffed about the origin of coal and shale 
oils. B ut, as in  th is  case the coal and shale rem ained to te ll 
th e ir own tale, i t  was more easy to arrive a t reasonable conclu­
sions regard ing  the circum stances and conditions under which 
they  were produced. And as, on careful exam ination, i t  was 
found th a t  some shales contained evidences of anim al life, in  
the shape of m yriads of microscopic shells, while others afforded 
equally indisputable evidence of th e ir vegetable derivation, it 
is probable th a t we owe our supply of coal and of shale in  p art 
to both sources, and it  is not unreasonable to suppose th a t pet­
roleum  m ay also have a sim ilar dual origin.

B ut, while there m ay be room for discussion regard ing  the 
p articu la r channels th rough  which these elem ents of hea t and 
lig h t have been handed down to it s  there can be no question th a t 
they  are all derived from one common source, the sun’s rays.

In  regard  to th is  I  should like to quote to you an eloquent and 
illum inative passage from a strange and unexpected au th o rity  
upon m echanical m atters. My au thor is D r. F . W .  I ’avy, a 
distinguished professor of G uy’s H ospital. H is woi'k to w hich 
I  now refer “ A Treatise on Food,”  in  which he traces an im al 
life and force backwards to the prim e source, the solar rays.

He has ju s t said th a t, while no addition can be made to the  
m ateria l of the world :

“ except from the inconsiderable accessions derived from 
the occasional descent of a m eteoric body, i t  is otherwise 
w ith regard  to force, which, as heat and lig h t, is constantly  
being transm itted  to us from  the sun ; and, i t  is from  the 
force thus derived, th a t  life on earth  originated and is 
m aintained. Our coalfields, our forests and vegetable pro­
ducts generally  m ay be regarded as contain ing a store of 
force accum ulated from the vast supply continuously tran s­
m itted  w ith the sun’s rays; and, upon the principle of ‘ in ­
destructib ility  ’ which has been enunciated, the force which 
has been employed in  unlocking the elem ents in  the com­
binations from which vegetable products are b u ilt up, and 
in  form ing new compounds, is contained in such compounds 
in  a la ten t s ta te .”
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Then the Doctor goes on to say th a t the energy transm itted  
by the sun’s rays thousands of years ago m a y :

“ By oxidation, be set free in  an active state under some 
form of m anifestation or other. I t  m atters not in  w hat 
way— w hether rap id ly  or slowly, or under w hat circum ­
stances—w hether inside or outside the liv ing  system, the 
oxidation occurs; the resu lt is the same, as fa r as the 
am ount of the force liberated  is concerned.”

C o m b u s t io n  o h  O x i d a t i o n .

D r. P av y ’s rem ark th a t  la ten t force is to be rendered active 
by oxidation, calls for a brief consideration of the action of 
combustion which oxidation connotes. In  doing th is  i t  is neces­
sary to d istinguish  between two words which are often confused, 
viz., “  combustion ”  and “  conflagration.”  Both are due to the 
same chem ical action, b u t m ay exh ib it themselves in  different 
ways. D r. P avy  refers to them  as “ slow ” and “ r a p id ”  re­
spectively. The popular idea of combustion is th a t  of some 
action which m anifests itself in  heat and lig h t, b u t if  we tu rn  
to the derivation of these words we find th a t “ com bustion”  is 
derived from the la tin  words “ c o n ”  together, and “  buro ”  to 
burn , which m ay be effected so slowly as to be im percep tib le ; 
while “  conflagration ”  comes from the L a tin  word “ confiagro”  
which is rendered in  E nglish  as “  to be in  a b laze .”

In  support of th is  argum ent I  subm it the following quotation 
from a well-known au thority , M r. V ivian B. Lewes, Professor 
■of C hem istry in  the Royal Naval College, Greenwich.

H aving  defined combustion as the com bination of “  O xygen,”  
w hich is commonly regarded as the  supporter of combustion, 
w ith  a combustible such as carbon, M r. Lewes sa y s :

“  O rdinary  combustion is the evolution of heat and lig h t 
during  rap id  and energetic chem ical action ; bu t, in  natu re  
there are m any cases of chemical changes which are so 
gradual th a t  the heat evolved, being spread over a long 
period of tim e, becomes inappreciable to our senses, and 
sucli processes we call ‘ slow com bustion.’ ”

“  A tree left to ro t upon the ground g radually  disappears 
in the course of years, being oxidised up into carbon diox­
ide and w ater vapour and scarcely any evolution of beat 
is observed, yet the same am ount of heat is generated as if 
the tree had been cu t into logs and bu rn ed .”
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“ W hen a steel watch spring is kindled in  oxygen gas by 
means of Germ an tinder attached to the end of it, the iron 
burns away with g reat rap id ity , form ing an oxide of iron 
and giving out g reat heat and ligh t. The same w eight of 
m etal would, in  the course of tim e, if exposed to moist air, 
be converted into an oxide, which, combined with water, 
is ordinary ru s t;  yet no evolution of heat is perceptible, 
because the tim e over which the action is spread is so great, 
th a t a t no moment of tim e is enough heat evolved to be 
perceived by our senses; yet in  each the to ta l qu an tity  of 
heat evolved is the same. A nother example of slow com­
bustion is found in  the action of resp ira tion .”

I t  would therefore seem th a t all anim als, hum an beings- 
included, are a sort of anim ated in terna l combustion engine.

W e may thus, perhaps, .recognise three kinds of Combustion, 
viz. :—

(1) Slow and im perceptible, as in  the action of ro ttin g  
of wood or rusting  of iron.

(2) Rapid, as in  the combustion of fuel in a furnace 
— conflagration.

(3) Instantaneous, as in the case of powder in a gun or 
of gas or petroleum  spirit in  the cylinder of an in ­
ternal combustion engine— explosion.

I t  would appear, however, th a t we are m ainly concerned 
w ith combustion in  the second and th ird  form, conflagration 
and explosion, and it  behoves us now to consider the  methods 
for giving effect to this chemical action.

S u r f a c e  C o m b u s t io n .

A nother illustra tion  of the tru th  of the statem ents, in  the 
preceding paragraphs, th a t the action of combustion m ay occur 
w ithout visible m anifestations, is to be found in  the new method 
of surface combustion w ithout flame, w hich, invented by P ro ­
fessor W . A. Bone and developed by th a t gentlem an in  conjunc­
tion w ith M r. C. D. McCourt, has now been p u t upon the m arket 
under th e ir  jo in t names as the “  Bonecourt Surface Combustion 
B oiler.”

The principle upon which Professor Bone’s new process is 
founded has been long known to chemists as “  C atalysis ”  which-
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is applied to the power, la ten t in  certain  substances, of prom ot­
ing- a change in  the constitution and condition of other m aterials 
w ithout being them selves affected.

The firm, “  Bonecourt Surface Combustion L im ited ,”  who 
control the system, have very k indly  favoured me w ith various 
pam phlets in which it is fu lly  described, and, from  these, 1 
take the following p a rticu la rs : —

Professor Bone says :

“  The d istingu ish ing  and essential feature of the  new 
process is th a t  a homogeneous m ix tu re of gas and air, in  tlie 
proper proportions for complete combustion (or w ith a ir  in 
sligh t excess thereof) is caused to burn  w ithout flame in 
contact w ith  a g ran u la r incandescent solid, whereby a large 
proportion of the potential energy of the gas is im m ediately 
converted into rad ian t fo rm .”  The advantages claimed 
for the new system are : —

(1) The combustion is greatly  accelerated by the incande­
scent surface, and m ay be concentrated ju s t where the  
heat is required.

(2) The combustion is perfect w ith a m inim um  excess of 
air.

(3) The atta inm en t of very high  tem perature is possible 
w ithout the aid of elaborate “ regenerative devices.”

(4) Owing to the large am ount of rad ian t energy deve­
loped, transm ission of heat from  the seat of combus­
tion to the object to be heated is very ra p id .”

Professor Bone enum erates the following as am ong the 
m aterials described as “  C atalytics ”  which possess the property 
of prom oting flameless com bustion, “  porous porcelain, fireclay, 
m agnesia, p latinum , gold, silver, copper, nickel, ferric  oxide, 
nickel oxide, copper oxide, asbestos.

By wav of illu s tra tin g  the action of his process, Professor 
Bone exhibited the following experim ent: —

“  A m ix tu re of hydrogen and oxygen in  th e ir com bining 
proportions (electrolytic gas) is m ain tained  in  an enclosed 
glass cham ber a t a tem perature of (say) 450 C, (842 F .)  a 
tendency is observed to form steam, b u t the ra te  of change 
is neg lig ibly  small. W hen there is b rought into the 
system some solid porous m ateria l a t the same tem perature,
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so th a t a large surface is exposed to the gases, the ra te  of 
change is a t once rap id ly  accelerated in  the layer of gas 
im m ediately in  contact w ith the hot surface. Steam  d if­
fuses outwards from the surface and the supplies of hydro­
gen and oxygen a t the surface diffuse inw ards to replace the 
gases consumed. Thus combustion proceeds heterogene­
ously a t the surface u n til the transform ation of the original 
electrolytic gas into steam  is com plete.”

Professor Bone describes several forms in  which his process 
m ay be utilized for heating  generally, for chemical and m etal­
lurgical operations, for m anufacturing  purposes and for steam  
raising .

The following description will explain the process in  opera­
tion : —

A diaphragm  is composed of granules of fire-brick bound 
together in  a suitable w a y ; the d iaphragm  forms the  fron t 
of a shallow m etallic cham ber of the same area as the d ia­
phragm  ; gas and a ir in  suitable proportions are adm itted  
to the cham ber by a pipe a t the back, and, passing th rough  
the diaphragm , are ignited in front. More a ir is adm itted 
till  a fu lly  aerated m ix ture is obtained. The flame soon 
becomes non-lum inous and dim inishes in  size; a mom ent 
la te r it  re treats on to the surface of the d iaphragm  which a t 
once assumes a bluish  appearance; soon, however, the 
granules a t the surface a tta in  an  incipient red h ea t; finally, 
the whole surface layer of granules become red hot and an 
accelerated “ surface com bustion”  comes into p lay .”

W hen it  is desired to apply the principle to a steam  boiler, 
the ordinary  tubes are replaced by special tubes of 3in. d ia­
m eter which are filled w ith fire-clay, fire-bricks or sim ilar 
m ateria l, the space of the firebox is taken by a gas cham ber 
th rough  which the m ixture of gas, and a ir is driven or 
slicked into the tubes in  which it  is ign ited  and burns w ith 
non-lum inous heat.

The inventors claim  th a t by th is  process steam  m ay be 
raised from the cold in  about tw enty m inutes.

Despite, however, the fact th a t  the potential value of liquid 
fuel was speedily recognized, in  regard  to which I  shall have 
som ething to say to you shortly, I  th ink  th a t it  will be generally  
conceded th a t the practical u tiliza tion  of liquid  fuel, for the 
generation of heat and power, e ither in  furnaces or in  in terna l
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combustion engines, bas been reserved for the tw entieth  century  
even, perhaps, for the half dozen years im m ediately preceding 
th a t w hich is now curren t.

U t i l i s a t i o n .

Of the two methods of u tiliz ing  liquid  fuel, in  furnaces or 
in  in terna l combustion engines, i t  is probable th a t the efforts of 
inventors would be, in  the first place directed to the form er 
as we know th a t, although the  idea of an  in te rn a l 
combustion engine or explosion engine operated by gunpowder 
or by tu rpen tine or some other volatile liquid , had been sim m er­
ing in  m en’s m inds for upw ards of a century, i t  did not assume 
a practical shape till  Otto placed his engine upon the m arket in  
1876 or 1877, and we know th a t i t  was not ti l l  the success of the 
Otto engine had dem onstrated the feasib ility  of his principle 
tfcat the idea of substitu ting  lig h t hydro-carbon sp irit or oil for 
gas was introduced.

B ut w hether the fuel is to be used in  a furnace or in some 
form of in tern a l combustion engine, a g reat “ D iese l”  or the 
sm allest petrol motor, the same governing principle obtains, 
viz., th a t the combustible shall be in tim ate ly  and rap id ly  com­
bined w ith  the oxygen which is necessary to effect combustion. 
Two actions are thus called for, viz., in troduction or injection 
and com bination, before the th ird , or chemical action or com­
bustion is effected and it  w ill now be convenient to consider some 
of the arrangem ents required  for th is  purpose.

E a r l y  D e v i c e s .

Two m echanical actions are involved in  the in troduction of 
fuel w hether to a furnace or to an in terna l combustion engine, 
“ in je c t io n ”  and “ C om bination.”

In jec tio n .— There are three m ethods in  use for effecting 
th is :

B y a curren t of air, gas or steam.
B y force pum p.
B y suction, as in  automobile engines.

In  furnaces the first-named is more common, and we, there­
fore, deal w ith  i t  first.

The principle, w ith  which you are all well acquainted, is 
th a t  a fluid (air, gas, or- steam) flowing a t a high velocity, is 
able to im part m otion to, and to carry  w ith it  some q u an tity  of
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another liquid . The principle is seen in  operation in  th a t, to  
me, most wonderful apparatus, the steam -w ater in jector of 
which I  believe th a t G iffard’s is one of the earliest and Koert- 
in g ’s of one of the most efficient specimens. The principle, 
common to all forms of in jector w ith which I  am acquainted, 
seems to be the production, a t a given point, of a vacuum  which 
the liquid , or other m ateria l to be operated on, rushes in  to 
fill.

Seeing th a t the “  In jec to r ”  plays such an im portan t p art in  
connection w ith the use of liquid fuel, I  desired to learn  some­
th in g  about its  inception and, for inform ation, I  had recourse 
to the P a ten t L ib rary , going back in  my search as fa r as the 
year 1855.

In  the prosecution of m y enquiry I  was struck by  the fact 
th a t, in  spite of the endless and almost indistinguishable varie ty  
in  details, only two principles were recognizable in  all.

1s t ,  the use of two concentric cylindrical or conical tubes w ith 
reduced nozzles, the inner tube containing the liquid to be in ­
jected while the outer conveyed the operating fluid; th is  p rin ­
ciple is found, w ith some modifications, in  most of the liqu id  
fuel burners of the present day.

2n d . —In  the second form of in jector two tubes are placed a t 
a r ig h t angle, th e ir ends m eeting. The horizontal m em ber 
supplies steam or compressed a ir a t a h igh  velocity across the  
open end of the vertical tube. In  some cases the vertical tube 
connects upwards w ith an overhead tank  of oil which flows 
downwards by grav ita tion , in  others, bu t less frequently , th e  
fuel supply pipe rises vertically  from a lower level and the oil 
is sucked upwards, by the curren t of steam or a ir  a fte r the  
m anner of the spray perfum e apparatus w ith which we are all 
fam iliar. A form somewhat akin to th is  is still to be found in  
operation in m any automobile carburettors.

I  have referred to G iffard’s in jector as being, to m y m ind, 
the p aren t of the whole fam ily  of liqu id  fuel burners and car­
burettors. I t  m ay, therefore, in terest you if  I  m ention th a t

G i f f a r d ’ s  first paten t was taken out on 23rd Ju ly , 1858 
(which was before the discovery of petroleum ) and is described 
as “ applied to feeding a steam  boiler and for ra ising  and forc­
ing  fluids.”
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H a n c o c k , whose name is fam iliar to all users of steam, ap­
peals to us w ith  peculiar in terest, as his first paten t, 17th 
December, 1864, is for “ a b last apparatus for fu rn ace s” and 
for “ prom oting the evaporation of liq u id s .”  Combine the two 
purposes and you have som ething very like an oil burner.

K o e r t in g  makes his first appearance on the p a ten t reg ister 
w ith  a “  provisional ”  on 18tli November, 1869, and claims, like 
Giffard, “ feeding boilers and ra ising  w ate r.”

In  the course of m y “  P a ten t Search ”  I  found a large num ber 
from  1860 to the present date, dealing directly  w ith  liquid fuel.

I  enum erate a few of the more im portan t—

A. E. P e r  a t !  iK B era rd ’s is the first paten t, of which I  find any 
4th A pril, 1862. record, for liquid  fuel. He describes his ap­
paratus as an “ In jec to r for a ir and gas for gas-fired furnaces 
used in  m aking steel.”

A a l e n t  [ n e  & L e v i  civ. These gentlem en describe th e ir  appara- 
6th A u g u st, 1862 -j-u s  a s  o n e  f o r  b urn ing  “ Poor G a s ”  
produced by passing a b last of steam or hot a ir through incan­
descent coal or carbonaceous m ateria l. Surely, to all in ten ts  
and purposes, the prototype of all carburettors if not also of 
the m odern “  Gas P roducer,”  Dowson’s included.

W i s e , I  ie l d  & A y d o n . The first d irect reference to liquid  
16th October, I 860 . flle} 0CCU1-s in the paten t g ran ted  to  
W  ise, F ie ld  & Aydon. Their specification and draw ings show 
a horizontal pipe w ith restric ted  opening through which steam 
is forced, m eeting a stream  of oil and a ir  from a vertical pipe 
delivering im m ediately above the nozzle of the steam  pipe.

<V' ^  /  \EQr~ I'hese gentlem en, whose names were men- 
29th M arch, 18b 1. tioned in  connection w ith the paten t ju s t 
referred to, make their appearance again  w ith  another inven­
tion for the use of “  liquid , gaseous and pulverulent fuel fittings 
for furnaces.”  The drawings show a horizontal pipe conducting 
steam  and a vertical pipe from an overhead tank  which delivers 
the fuel in front of the steam  je t by which i t  is sprayed into the 
furnace. The curious th in g  about th is  paten t is the reference
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to “ p u lv e ru len t”  fuel by -which, coal or coke in  the form of 
powder is understood. E v iden tly  D r. Diesel was not the first 
to appreciate the value of coal in  a pulverized condition as a 
fuel.

B. F . S t e v e n s . Steam is supplied through a pipe term inat- 
29th Ju ly , 1867. in g. in a nozzle, w ithin and concentric with 
which is a tube through which petroleum  or other liquid hydro­
carbon is supplied. This paten t is in teresting as being the first 
in  which special reference is made to the use of petroleum  as 
fuel for furnaces, ju s t eigh t years afte r the discovery of th a t 
artic le . In  subsequent patents frequent references are made to 
petroleum , paraffin, naph tha, ta r, creosote, and other residual 
products.

N o r t o n  & H a w k s l e y . rp]ie patentees describe th e ir invention 
22nd A ugust, 1867. as for “ liquid fuel fittings and blast 
ap p a ra tu s”  specially adapted for the use of petroleum . The 
intere,sting th ing  about th is paten t is th a t the patentees recom­
mend the use of “ helical in terna l ribs to d irect the a ir c u rren t.”  
T he arrangem ent is, I  understand, common in m odern practice.

In  1868 half-a-dozen patents were taken out for apparatus for 
b u rn in g  liquid fuel, and in  subsequent years the num ber of 
paten ts steadily increased as the production of oil in the world 
■extended in  respect to both quan tity  and area.

H aving  thus shown you th a t, witlxin ten years afte r the dis­
covery of petroleum , its  value as a fuel had been recognized and 
apparatus for its  use designed, I  shall not continue my ac­
count of these earlier burners.

Before leaving th is  subject I  should, however, like to refer to 
another invention which, not of im m ediate in terest to m arine 
engineers, is of general in terest in these days of m otor cars and 
motor cycles, which we are ap t to claim  as wholly m odern pro­
ducts. I t  is, therefore, curious to find th a t  letters paten t were 
granted to Mr. E . B utler on 15tli November, 1887, for w hat he 
describes as “  E jectors for carbure tting  a ir for use in petroleum  
engines for driv ing tricycles and other vehicles,”  so th a t  motor 
cars and motor cycles are not quite such novelties as we are 
fondly disposed to regard  them .

B u t while, from the hasty  account which I  have given you of 
these early devices for using liquid  fuel, i t  will be apparent to
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you th a t  its  value had been realized and various m ethods for its 
u tiliza tion  had been suggested, its general adoption was for 
m any years barred  by the h igh  price of oil which rendered it 
m uch more expensive th an  coal.

M o d e r n  P r a c t i c e .

I  propose now to devote a little  atten tion  to the modern 
methods of u tiliz ing  liquid  fuels and to the fuels available for 
th a t purpose.

The first instance w ith which I  am acquainted of the p racti­
cal use of liquid fuel occurred a t the B roxburn Oil W orks, 
near E d inburgh . One of the difficulties which the Scottish
Oil Refiners had to face was th a t of disposing of the acid ta r 
from their refining operations for which no m arket could be 
found. One common practice was to discharge it on the Spent 
Shale heaps, w’hile these were still glowing hot, and allow the 
ta r to bu rn  away. A nother practice was to construct sm all 
brick  furnaces in  which the stuff was burned to waste. In  
both cases huge volumes of black smoke were liberated  which 
destroyed the farm ers’ crops and involved heavy claims for 
damage.

I  shall now let M r. N orm an H enderson, the inventor of the 
apparatus and, I  believe, one of, if not absolutely the first m an 
in  th is country  to u tilize liquid fuel, speak for him self in  the 
extract from  his le tter which I  shall read to you. H e say s :—

“ W hen I  entered the service of the Oakbank Oil Co. in 
1869, to erect and m anage th e ir works, I  took the oppor­
tu n ity  of constructing the S till furnaces in such a wav as 
to burn  the ta r  and get w hat hea t we could out of it. This 
was sim ply done by form ing a 4^in. b rick  arch in the 
front end over the furnace, about two-thirds the length 
of the bars, and the arch levelled up to form a bed on 
the top for the ta r. The ta r  was allowed to ru n  in a con­
tinuous stream  on the hot bed, sufficient to feed it. The 
ta r  burned readily  on the hot brick  bed and gave off a 
good deal of heat which assisted m ateria lly  the coal fu r­
nace in heating the S till. A ny coke th a t was formed on 
the bottom of the bed was pushed over, from  tim e to tim e, 
at the back into the open space of the furnace, where it 
burned along w ith the other fuel.

By working the ta rs  in  th is  m anner I  found th a t  wTe got 
considerable heat, one ton of ta r  being equal to one ton
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o f  c o a l ,  b u t  a  g o o d  d e a l  o f  l a b o u r  w a 3  i n v o lv e d  in  w o r k i n g  
t h i s  p r o c e s s  a n d  i t  a ls o  b a d  t b e  o b j e c t io n  t h a t  i t  p r o d u c e d  
m u c h  s m o k e .

On jo in ing  the B roxburn Oil Go. in  1878, I  took the 
opportunity , in  erecting the new works, of m aking an 
improvement for tbe bu rn ing  of the tars, by fitting  the 
Stills w ith injectors, instead of the old system as abova 
described. The new arrangem ent proved a g reat success, 
and I  found th a t one ton of ta r was about equal to two 
tons of coal when atomised by the injector w ith steam. 
By this system the waste tars became an im portant saving, 
doing away w ith most of the coal used at the S tills. I t  
was also a saving of labour, and produced very little  
smoke, a very im portan t m atter. I  enclose a sketch show- 

. ing, on a small scale, the S till furnace, fitted w ith in ­
jecto r; and a full-sized sketch of the furnace ta r  in jecto r 
itself, as used at present by us*. The ashpit front openings 
are closed by a sliding door, and in th a t door is a small 
aperture for regu la ting  the a ir  supply. I  have tried both 
a ir and steam for the in jector, and find th a t steam gives 
the best results, especially with a little  superheat.”

I t  is in teresting , incidentally , to find th a t, although M r. 
Henderson has every reason to congratulate him self on the 
success of his arrangem ents for bu rn ing  oil in furnaces, he 
does not expect to see it generally adopted in this country. In  
his le tter, from which I  have ju s t quoted, he goes on to s a y :—

“ My personal opinion is th a t tlie cost of oil fuel for the 
raising  of steam is out of the question in  the U nited  
K ingdom  where coal is, relatively, so m uch cheaper. No 
doubt large quantities of oil fuel are used to g reat advan­
tage, as against coal, in m any of the processes of our. 
m anufacturers as well as in  the N avv, where cost is a 
secondary m atter, while the M arine Engineers are now 
giving more attention to the use of oil in  in terna l com­
bustion engines.”

Of course, you are aware, he adds th a t
“ the latest practice in the N avy in b u rn ing  liquid  fuel, 
is by heating  the oil and then forcing it into the furnace 
under pressure by a pum p, which gives better results than  
the in jector and is more easily controlled.”

*See page 107
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Mr. Henderson’s success with liquid fuel induced a friend 
of his and mine, Mr. W illiam  M cLaren, m anager of the Ardan

H E N D ER SO N ’S L IQ U ID  F U E L  B U R N ER .

S.S. Co., to fit up one of the steamers of his fleet to U3e ta r  
fuel. The results were en tirely  successful, bu t as, when
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greater supplies were required, tlie price advanced from about 
30s. to between 40s. and 50s. per ton, the cost was found to be 
too great, and Mr. M cLaren reverted to coal.

I t  is in teresting  also to notice th a t the next practical and 
successful attem pt to utilize liquid  fuel was due to difficulties 
sim ilar to those which confronted M r. H enderson, viz., the 
necessity for disposing of residual by-products for which no 
m arket was available. I  refer now to the system, introduced 
by M r. J .  Holden, for burn ing , in  locomotive furnaces, the 
ta rry  residues produced in  the m anufacture of P inch gas for 
ligh ting  railw ay carriages.

Mr. Holden’s first patent was taken out in Ju n e , 1886, and 
shows two conical concentric tubes, the inner containing oil, 
the outer, steam. These tubes are surrounded by an ann u lar 
pipe conveying steam  which, through inw ardly inclined 
orifices, delivers steam at the point at which the m ix ture of 
steam  and oil emerges from the in jector proper, this supple­
m entary supply of steam also induces a current of a ir through 
the sm all annu lar space which occurs between the in jector and 
the annu lar steam pipe. Mr. Holden took out subsequent 
patents for modification of his burner in 1891 and in  1899.

The records of the P a ten t Office during  the last tw enty years 
are fu ll of specifications of oil burners. To deal w ith even a 
selection of these would require more tim e than  we have now 
a t our disposal, and as, moreover, the task  is one ra ther for 
an engineer than  for an oilman, and, having fu rth e r regard  
to the fact th a t I  have undertaken to speak of oil fuel itself, 
ra th e r than  w ith the means of using it, I  shall not fu rth e r 
pursue the la tte r  aspect of the subject.

In  order, however, to afford you some inform ation regard ing  
modern “ L iquid fuel bu rners,”  I  have pleasure in  hand ing  
you each a copy of two pam phlets, published respectively by 
the Anglo-Am erican Oil Co., L td ., and the B ritish  Petroleum  
Co., L td ., in  which you will find a good account of the principal 
burners now on the m arket.

I n t e r n a l  C o m b u s t io n  E n g i n e s .

I  have h itherto  been discussing the history, properties and 
uses of liquid  fuels, which properly fall w ith in  the sphere of 
my own observation, bu t, as a mere laym an, the guest of a 
h ighly  technical society, addressing an  audience of practical
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engineers, I  confess th a t I  feel considerable hesitation  in  ap­
proaching the subject which I  have next set down for considera­
tion. B ut, as my business and interests are closely re la ted  to 
yours, and as, moreover, m echanical questions have always had 
a peculiar fascination for me, I  hope th a t you w ill forgive me 
for ven tu ring  to express m y views upon m atters regard ing  which 
you are all better qualified to form  an opinion th an  I  can be, 
viz., the relative efficiency of coal and oil as fuel.

The point which I  wish to make is th a t  the fu ll benefit to be 
derived from the substitu tion of oil for coal as fuel is not to be 
atta ined  from the substitu tion of the form er for the la tte r  for 
steam raising , bu t from the general adoption of the “  In te rn a l 
combustion ”  instead of the steam engine. The present ten ­
dency seems to be in  favour of the use of oil instead of coal for 
raising  steam, b u t while by th is  change m uch space m ay be re ­
leased for cargo and economy effected in  “ b u n k e r in g ”  and in 
the wages b ill for stokers, i t  is evident th a t  the g reat space re ­
quired for boilers is still unprofitably occupied while all the 
troubles and dangers incidental to these rem ain .

W e can read ily  recognize th a t there are serious difficulties in  
the way of the drastic change which is involved in  the la tte r  
proposition. In  the first place it  is not to be wondered a t th a t 
steam ship owners should hesitate to “ sc ra p ”  the engines and 
boilers upon which they  have h itherto  depended for power, a l­
though th ey  m ay be prepared to adopt the m iddle course of 
converting th e ir boilers from coal to oil firing. In  the second 
place there exists the still g reater difficulty regard ing  an ade­
quate supply of the new fuel. G ran ting , however, th a t  th is  
la tte r difficulty has been removed, and th a t adequate supplies 
of liquid fuel have been assured, there still rem ain  other im ­
portan t questions to be settled.

For, g reat as have been the advances which have been effected 
w ith the last few years, and excellent as m odern types m ay be, 
there is no assurance th a t  an y th in g  like finality  has been a t­
tained while there are constant rum ours of other forms, the gas 
tu rb ine has long been adum brated, which m ay re lagate  all 
m odern engines to the scrap heap. Cost, too, is an  im portan t 
consideration, for I  understand th a t, power for power, the in ­
terna l combustion engine is m uch more expensive th an  its pre­
cursor, the steam  engine, so much so th a t I  have been told th a t 
a m odern oil engine costs as m uch as a steam engine and boiler
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of tlie same efficiency. Nor is th is  to be wondered a t when we 
contrast the com parative sim plicity  of the steam engine with 
the complications of the oil engine. Compare, if you please, 
the three or four cylinders and the few moving parts of the 
form er w ith the more num erous cylinders of the la tte r w ith its 
a rray  of in let and outlet valves and all th e ir countless spindles, 
cams and tappets, and elaborate reversing gear. S till, no one 
who has had, as I  have had, the good fortune to see the m agnifi­
cent productions of Sulser Brothers, Burm eister & W ain , 
Bolinders or M irlees, B ickerton & Day, can fail to realise th a t, 
even in  th e ir present stage, these engines m ark the advent of a 
new motive power in  the history of the world.

N a t i. h e  a n d  P r o p e r t i e s  o f  L i q u i d  F u e l .

E arlie r in my present paper I  endeavoured to give you some 
account of the geological origin of liquid fuel and I  have several 
times referred to “  Combustibles ”  and to “  Supporters of Com­
b ustion .” Let us now consider, for a few m inutes the various 
articles which m ay be included under the comprehensive title  
“ L iquid F u e l” with regard  to the natu re , properties and 
potential value of each.

The efficiency of fuel, of any kind, depends upon its  elem en­
ta ry  composition, and, as the calorific value of each elem ent 
as well as the volume of air with its oxygen content required for 
complete combustion has been determined by many investigators, 
the value of the fuel m ay be calculated from these data.

I  therefore subm it two tables showing the elem entary com­
position of various m aterials commonly recognized as “ com­
bustib les.”

The first table is taken from an excellent little  work en titled  : 
“ A  P rac tica l T reatise on H e a t,”  by M r. Thomas Box. The 
second was prepared specially for me by the chemists in  the 
Belm ont L aboratory.

Should you find any apparen t discrepancies between my 
authorities, I  ask you to remember th a t doctors claim  the rig h t 
to differ.
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T A B L E  I I . —(BOX) T H E  CH EM ICA L COM POSITION OE COM BUSTIBLES, 

ACCORDING TO PE C L E T , E tc .

Elements. Carbon. Hydro­
gen. Oxygen.

JNitro- 
gen and 
Sulphur

Water. Ashes. Total.

Coal, mean 97 kinds ■804 •0519 •0787 •0216 •0408 1-000
Coke •850 — — — •150 j»
W ood, perfectly dry •510 •053 •417 — — •020 »*

,, ordinary state •408 •042 •334 — •200 ■016 ? *
,, charcoal 

Peat, perfectly dry . .  . .
•930 — — — — •070 1 1
•5S0 ■060 •310 — — •050 J »

,, ordinary state 
Oil of Turpentine

•464 •048 •248 — •200 •040 > »
•884 •116 — — — ----- ) >

Alcohol •5198 ■1370 •3432 — — ----- J »
Olive O i l ........................................ •7721 •1336 •0943 — — ------ ? 1

Sperm Oil •789 •1097 •1013 — — ----- ; y
Beeswax •816 •139 •045 — — ----- » »

Spermaceti •816 •128 •056 — — ----- j  »

Tallow •790 •117 •093 — — ----- » i

Paraffin Oil ■8522 •1478 — — — ------ j »

Resin •7927 •1015 •1058 — — ----- ) »

Sulphuric E lher •6531 ■1333 •2136 — — — • i

Still quoting from Box, we learn  tlia t, according to D ulong, 
the heat evolved by com bination w ith oxygen is 12,906 un its per 
pound of carbon, and 62,535 u n its  per pound of hydrogen.

Tlie presence of oxygen in  a com bustible contain ing hydrogen 
has the effect of reducing its hea ting  power, as the oxygen to the 
■extent th a t  i t  is present, combines w ith  the hydrogen to form 
water, b u t w ithout evolution of useful heat, whereas, if hydro­
gen alone be present it  yields the fu ll am ount of heat due to it.

L et us apply these rules, tak ing  (1st) paraffin oil, whicli lias 
special in terest for us, as a m ateria l en tire ly  free from oxygen, 
and (2nd) alcohol, as contain ing tlie h ighest percentage of 
hydrogen.

Taking round figures for paraffin oil we h a v e : —

Carbon ... -852x 12906 =  10,996 units 
H ydrogen 148x 62535= 9,255 ,,

1-000 20,251 „

T urn ing  next to alcohol, we find th a t it contains -5198 parts 
of carbon, -3432 of oxygen, and -1370 of H ydrogen, bu t, as
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oxygen requires one-eighth p art of its  w eight to form water, the 
oxygen in  alcohol will require -3432 -4- 8 =  -0429 h ydrogen ; 
whereas alcohol contains -137 of hydrogen : there rem ains there­
fore, -137— -0429 =  -0941 hydrogen in  excess to develop its heat, 
and we have : —

Carbon ............  -5198x 12906= 6,708 units
H ydrogen in excess -0941 x 62535= 5,885 ,,

L et us nex t deal with olive oil which consists of Carbon, 
0-7721 x H ydrogen, 0-1336 x Oxygen, 0-0943, in  a s im ilar 
m anner, and we find —•

B ut while it is apparent from these figures, th a t  the presence 
of oxygen reduces the calorific value of oils as fuels, i t  m ust be 
equally recognised th a t its presence promotes combustion and 
reduces the tendency to smoke w ith production of soot or carbon. 
W e all know th a t m any vegetable and some anim al oils m ay be 
burned in  open lam ps w ithout smoke, e.g. colza or rape, olive, 
coco-nut, even castor and sperm and seal oils, while it is im ­
possible to burn  paraffin or petroleum  under such conditions of 
account of the dense volumes of smoke which they  give off. In  
evidence of th is statem ent I  now draw you attention io t i e  
lam ps on the table which are trim m ed w ith the oils which I 
have mentioned*.

From  these facts which I  have quoted and from th is  little  de­
m onstration which I  have given you, I  th in k  th a t I  am justified 
in saying th a t those engineers are in error who object to the 
use of vegetable oils, pure or m ixed w ith m ineral oil, as lu b ri­
cants for in terna l combustion engines for fear of the carbon­

* Mr. Wilson exhibited three open Miller's Lamps which burn w ithout chimneys. 
Two of the lamps, filled respectively with Olive and Rape Oil, burned during  th e  
whole evening against a white background w ithout showing any trace of smoke. 
The third lamp, containing Mineral L ubricating Oil, was lighted during the even­

ing, bu t had to be extinguished after a few minutes burning on account of the dense 
volumes of black smoke which it emitted.

Carbon •7721 X 12906 =  9,965 units 

•1218 x  62535 =  7,517 „

17,482
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aceous deposits which, they  say, these oils are liable to produce. 
Such is not, I  am  in a position to assure you, the  opinion of some 
of the  lead ing  makers of oil engines in  th is  country, among 
whom I  m ay mention Crossleys, Tangyes, Hornsbys, P etters , 
th e  “ T rusty  ” E ngine Co., and others, who use either rich com­
pound or pure vegetable oils.

TA B LE I I I .—(BELM ONT) E LE M E N T A R Y  COM POSITION OF 

VARIOUS OILS.

Material. Carbon. Hydrogen. Oxygen.

Motor Spirit 82*99 16-08 0-93
Royal D aylight 85-00 14-45 0-55
Alcohol, E thy l 52-17 1304 34-79

Refined Distillate, .905 .. 87-05 12-56 0-39
„ .9 1 0 ...........................

Cylinder Oil, N atural
84-55 12-87 2-58
84 02 13-05 2-93

,, ,, Charcoal Refined 85-43 13-17 1-40

Huile D ., French Motor Oil 86 02 13-33 0-65

■Gas Engine Oil, L ig h t—Price’s 
,, ,, ,, Heavy—Price’s 

Motorine A.—Price’s

85-66 12-53 1-81
83-79 12-86 3-35
84-45 13-04 2-51

Tallow Oil 77-4 11-8 10-8
Cocoanut Oil 75-4 11-7 12-9
Rape Oil 78-0 12-0 100
Castor Oil . .  . .  . .  . . 74-0 11-4 14-6
Olive Oil 77-2 13-3 9-5

F in a lly , I  show in  a simple m anner, the volume of oxygen 
required  for complete combustion and the qu an tity  of a ir 
necessary to provide the oxygen required.
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For th is table I  am also indebted to the chemists of the Bel­
mont L ab o ra to ry : —

T A B LE IV .—(BELMONT) A PPR O X IM A TE OXYGEN AND A IR  

R E Q U IR E D  FO R COMBUSTION.

1-lb. Carbon requires 2.66 lbs. Oxygen ) -n n  , t t  j  Q nn c -tor Combustion.1-lb. Hydrogen ,, 8.00 ,, ,, )

A ir by weight =  23 Oxygen +  77 Nitrogen.

,, volume =  21 „  + 7 9  ,,

13 Cubic feet of Air =  1 lb. by weight.

1 lb. of Oxygen in 4 J  lbs. of air.

1 lb. Requires.
Material. Oxygen.

lbs.
Air.
lbs.

Air. 
Cubic ft.

M otok S p ir i t . 
Carbon 
Hydrogen =

•8-1 X 2-66 
•16 X 8-00

2-21
1-28

R o yal  D a y l ig h t .
Carbon =  
Hydrogen

•85 X 2-66 
•15 X 8-00

3-52X1J-

2-26
1-20

=  1584 206

L u b r ic a t in g  O i l . 
Carbon =  
Hydrogen =

•85 X 2-66 
•13 X 8 00

3-46X-1J

2-20 
1 *04

=  15-57 202

Oxygen = ■02 (deduct)
3-30

•02

F a t t y  O i l s .
Carbon =  
Hydrogen =

•76 X 2-66 
•12 X 8-00

3-28X-H

2-02
•96

=  14-76 192

Oxygen = ■12 (deduct)
2-98

•12

A lco h ol .
Carbon _ 
Hydrogen _=

•52 X 2-66 
•13 X 8-00

2-86X44

1-38
1-04

=  12-87 167

Oxygen = *35 (deduct)
2-42

•35

2 07X 4i =  931 121
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O i l s  A v a il a b l e  a s  F u e l .

P etro leum .—H ad I  w ritten  th is paper a few years earlier 
I  should probably have endeavoured to present you w ith a list 
of the  countries in  which petroleum  had been found, b u t as it 
is now known to all readers of the newspapers th a t oil has been 
found in  every p a rt of the civilized globe, and in  some p arts  
which have not yet come w ith in  the pale of civilization, such a 
geographical enum eration is unnecessary.

F rom  petroleum  we obtain the greatest varie ty  of products 
suitable for as m any different types of engine.

(1) S pirit, or “  petro l,”  ran g in g  in regard  to specific 
gravity , from 670 to 760. This is adapted for use in  motor 
and some launch engines.

(2) Kerosene, paraffin or lam p oil, hav ing  specific 
g rav ity  from 800 to 825. This is used in commercial, sta­
tionary  and portable engines of the P rem ier, H ornsby, 
Tangye, N ational, G ardner, K elvin, and sim ilar types.

(3) Solar oil of about 840 to 850 specific g rav ity  is 
also used in  engines of the preceding types, and is likely to 
give more power per gallon th an  the lig h te r oil a lthough i t  
m ay be more difficult to volatilize.

The preceding are refined oils, those which follow are un re­
fined, o r “ semi” refined.

(4) H eavy oil, semi-refined, of red colour, vary ing  
from 850 to 950 in specific g rav ity  according to country  of 
origin.

(5) Crude Oil. Ju d g in g  from various conversations 
which I  have had w ith in terna l combustion engineers, a t 
home and abroad, I  am  led to th ink  th a t these gentlem en 
generally  have a very vague and indefinite idea of w hat is  
im plied by the words “ crude o il.”  In  the oil trade 
“ crude o i l ”  is understood to m ean and is applied only to 
the oil as it  leaves the re torts in  which it  has been produced 
from coal or shale, or to petroleum  in its n a tu ra l condition 
in  which it  issues from the wells. B ut, as the oil, a t th is  
stage, contains all its more valuable constituents, e.g ., 
sp irit, lam p oil, lubrica ting  oil, and, perhaps, paraffin wax, 
it  is more profitable, if m eans are available, to ex tract these 
products and to sell the residue as fuel. In  m y own experi­
ence I  have found in  use under th is  nam e, dark  coloured 
distillates, such as we should describe as “  gas o i l ;”  heavy
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dark oils, probably crude oil witb tbe lig h te r fractions re ­
m oved; genuine crude oil, as one m ay say “ e n tire ”  and 
residues from petroleum , coal or sbale oils and gas tars.

(6) Tbe residues to which I  referred in  the last para­
graph ought to form a group by themselves. M r. W m . H . 
Booth, in  his excellent work on “ L iquid  F u e l ”  describes 
them  as fo llow s:—-
(A) N atu ral oils which have parted w ith th e ir volatile 

portions under the influence of sun and a ir and be­
come natu ra l “ M azut.”

Borneo oil which flashes a t 100°C (212°F) is d irectly  em­
ployed as fuel, and Texas oil, which appears to possess 
little  o ther value than  as fuel.

(B) D istillation  residues, or M azut, which resu lt from 
boiling off all the more volatile portions.
(7) Animal and Vegetable Oils. Finally, the late 

D r. Diesel, in  his last lecture in  th is  country, th a t 
delivered before the In stitu tio n  of M echanical E n g i­
neers, in  M arch, 1912, enum erates, as oils suitable as 
fuels for his engine, “ fa t oils from vegetable or 
anim al sources, such as ea rth n u t oil, castor oil, fish oils, 
e tc .”  H e adds in a footnote, “  This class of oil has been 
added by the au thor from his own investigation of ea rth n u t 
o il.”  Elsewhere, in the same paper and speaking of earth- 
n u t oil, he says, “ This oil is alm ost as effective as tbe 
natu ra l m ineral oils, and, as i t  can also be used for lu b ri­
cating oil, the whole work can be carried on w ith a single 
kind of oil produced directly  on the spot. Thus th is  engine 
becomes a really  independent engine for the tropics.”  The 
curious th ing  is th a t, when, in  my rem arks upon his paper, 
I  recommended compound lubricants, i.e ., oils containing 
a small percentage of vegetable oil, as lubricants for Diesel 
engines, the good Doctor scouted m y suggestion, saying 
th a t “ unfortunate ly  vegetable oils seemed so liable to 
form acids when they become warm, th a t  g reat precaution 
was required  in  th e ir application for lu b rica tin g  purposes. 
This form ation of acid did not orig inate, as Mr. W ilson 
though t, from the oxygen of the surrounding  air, b u t from 
the strong contents of chem ically bound oxygen in  the 
vegetable oil itself, so th a t acid was also formed when the 
oil was warm ed in  close Aressels.” * B ut, if th is is the case,

* Tlie oxygen contents in  oils are shown on table of page 113 and the effects of 
its presence is discussed on page 112.
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why should it happen when only a small percentage of 
vegetable oil is \ised as a lub rican t and not when vegetable 
oil is used, pure and simple, as fuel?

Before I  leave this subject, let me call a ttention to a serious 
d anger inherent in  the equivocal or am biguous use of tlie ex­
pression, “ Crude O il,” w hich, as I  have shown above, may 
denote either oil containing all its dangerous fractions, or oil 
from  which these have been removed by distillation. I f  an 
engineer who has been using the la tte r, which we m ay call 
“ reduced crude,”  w ith comfort and satisfaction, is, w ithout 
notice, supplied w ith n a tu ra l crude oil re ta in ing  all its volatile 
contents and proceeds to use i t  w ithout the precautions which 
its use involves, it is inevitable th a t danger, possibly culm i­
nating  in  disaster, m ay ensue.

This aspect of the question was referred to by Mr. R . J .  N. 
W illcox in his rem arks in the discussion upon D r. D iesel’s 
paper.

Mr. W illcox specified these dangers as

(1) “ The risk of explosion or fire on board the ship 
carry ing  the crude oil.

(2) The risk of dam age by fire to other ships and to 
the warehouses and goods stored therein .

(3) The risk of a conflagration arising  from the pre­
sence of oil floating over the surface of the w ater in a 
crowded dock. The presence of th is  oil m igh t be due to 
leakage from the oil ship, from defect in construction, or 
from accident, such as collision, or from the oil being 
pumped overboard w ith b ilge-w ater.”

The chief danger would arise from the liberation  from the oil 
of inflammable gases which, accum ulating, in im perfectly  ven­
tila ted  apartm ents, m ay be ign ited  bv the furnace fire or by an 
open lam p.

Dr. Diesel replied th a t the danger was non-existent, and re­
ferred  to the num ber of tan k  ships carry ing  crude oil and 
sp ir it in  bu lk  w ithout accident. I t  m ay, however, be pointed 
out th a t in  such cases, the crew are aware of the dangerous 
nature of the cargo and take such precautions as m ay be 
necessary.
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The subject was also referred to by Sir Boverton Redwood, 
in  his presidential address to the Ju n io r In stitu tion  of E ngi­
neers, on 5tli December last, when he said

“ Crude Petroleum  of a low flash-point is largely used as a 
fuel in  steam raising in the oil fields, bu t the oil fuel of com­
merce is usually required to be of a com paratively high flash­
point, and is either a d istillate or more commonly the residue 
of crude petroleum  from which the more volatile fractions have 
been removed by d istillation . The present and form er B ritish  
A dm iralty  Specifications for N avy oil fuel have recently been 
published, and it has thus been made known th a t the flasa- 
point has been reduced from  200°F to 175°F, close tes t.”

F u e l  Y a l u e s .— T h e r m a l .

I  have taken up so m uch of your time in discussing <he 
m atters already referred to th a t  I  have left myself little  for 
consideration of “ Fuel Yalues,” which should form a fitting  
conclusion to this paper. F ortunate ly , the subject has been, 
of late, so fu lly  debated, alike in  technical and in non­
technical papers, th a t i t  will be sufficient now to put before you 
a few particulars gleaned from various recognised au thorities, 
regard ing  the leading fuels under consideration.

The fu ll titles of the books and authors referred to will be 
found in  the B ibliography which is appended to th is  paper.

Table Y. (Booth) shows how Specific G ravity  affects the ex­
pression of therm al values.

Specification, Red need 
Fuel Oil.

Distilled 
Fuel Oil.

Spec. Grrav. a t 60 F. 0*914 0-853
Gravity, B aum e.. 23 34
W eight per Im p. Gall. 9*14 lbs. 8-53 lbs.
Carbon . .  .. ................... 87 72 86*19
Hydrogen 11-45 12*51
Calories per Kilo 11-000 11-250
B t Th. U. per lb. 19-800 20*250
B. Th. U . „  Im p. Gall. .. 181*340 172-870

The in teresting th in g  about th is table is the dem onstration 
which it affords, th a t although the oil of lower S.G. has the 
h igher therm al value per lb ., 20.250 B .T .U ., as against 19.800 
B .T .U . for the heavier oil, yet the values are reversed when
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I  re tu rn  now to M r. Booth, from whom I  quote the following 
paragraph

“ The B .T h .U . in  petroleum  vary from 17.000 to 
20.000, one experim ent g iving 20.110. The value taken in 
Texas is 18.500 B .T .U . or 10.277 calories. The scientific 
investigation of the coals, etc. used there, w ith respect to 
th e ir heat units, has not progressed very f a r ; b u t it  is not 
thought th a t, on the average, the B .T h .U . in  the coals will 
he ahove 12.600, if indeed above 10.800, and are taken, for 
the present, a t 11.700. For the lignites a lower value m ust 
be taken, and for the present th is will be 9.900.”

F u e l  V a l u e s .— C o m m e r c ia l .

H aving now considered the therm al value of various fuels, 
solid and liquid, i t  m ay be in teresting to devote atten tion  for 
a few m inutes to the final and most im portant question of th e ir 
relative commercial value. I  subm it this inform ation in  the 
shape of three tables culled from various sources. F o r the 
first I  am again indebted to M r. Booth who quotes the follow­
ing  particulars from  Professor Denton, one of the most em inent 
A m erican A uthorities upon this subject.

Table V I I I .  (Denton) showing equivalent values for oil a t 
various prices for co a l: —

Price of Coal per Ton of 
2,240 lbs.

Equivalent price for Oil per Am. 
brl. of 42 gals.

$ 1-00 4/- $ 0-29 1/2*
1-50 6/- 0-43 l /9 i
2-00 8/- 056 2/4
2-50 10/- 0-71 2/11J
3-00 12/- 0'85 3/6*
3-50 14/- 0-99 4/1J
400 16/- 1-13 4/8*
4-50 18/- 1-28 5/4

As the Im perial gallon is one-fifth la rger than  the A m erican 
gallon, one-fiftli m ust be added to each of these prices to arrive 
a t the value in  B ritish  measure and price.

I  am glad to be able to subm it two tables by a  B ritish  
au thority  upon the cost of fuel. F o r these I  am indebted to 
M r. C. E. Strom eyer, Chief E ngineer to the M anchester Steam 
Users’ Association, who has k ind ly  furnished me w ith  a copy 
of his report for 1911, w ith permission to quote from it.
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Table IX . (Stromeyer) showing relative prices of oil and 
coal if  equal economic results are to be obtained : —

Crude Oil, per ton Shillings 35 40 45 50 55 60
Crude Oil, per g a llo n .. Pence 1-75 2-0 2-25 2-5 2-75 3-0
Good Coal, per ton Shillings 26 30 34 38 41 45

Table X . (Stromeyer) showing relative prices of oil and coal 
used in  various engines : —

F u e l, P e r  to n .

Crude Oil for Diesel engine . . 35/- 40/- 45/- 50/- 55/- 60/-
Petrol ,, ,, .,
Coal for producer gas eng ine..

44/- 50/- 56/- 62/- 69/- 75/-
11/6 13/6 15/- 16/- 18/6 20/-

Coal for gas-fired boiler 8/6 9/6 10/6 12/- 13/- 14/-
Coal for steam engine . 10/- 12/- 13/6 15/- 16/6 18/-

The following particu lars of a tw enty-four hours’ tria l and 
of the first voyage from H am burg  to H avana of the Diesel 
Engine ship, Christian X . ,  are taken from “ E ngineering” of 
3rd Jan u a ry , 1913.

Table X I. F u el Consumption of Diesel E ngine ship,
Christian X .  :—

Details. T ria l, 24 hou rs.
V oyage of 4,6*27 n a u tic a l 

m iles occupy ing  17& 
days.

Power of main engines 2,383 I .H .P . 2,390 I .H .P .
Fuel used in 24 hours . . 8*545 ton8 9-732 tons

,, per I .H .P . per hour 0*149 Kilos 0*16(S Kilos
>1 i* >)

Power of Auxiliary Compressors
0*338 lbs. 0*370 lbs.

216 I .H .P .
Fuel per 24 hours 840 Kilos

„ „  I H . P ......................................... 0*162 Kilos
0*365 lbs.

The Christian X .  was b u ilt and engined by Messrs. B ur- 
m eister and W ain , of Copenhagen, and is a sister ship to the 
Selandia , bu ilt and engined by the same firm, which m any of 
us in this room had an opportunity  of v isiting  when she was 
in the London Docks.

The m ain dimensions of both ships a re :—L ength , 386ft.; 
beam, 53 ft.; depth, 30 ft.; d raugh t, 2 3 |f t .  a t 7,400 tons dis­
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placem ent; gross tonnage, 4,900 tons. Two Diesel M ain 
Engines, 1250 H .P . eacli = 2500 total, and two propellers give 
a speed of 11|- knots.

Tlie m ain engines are four cycle motors having eight cylinders, 
each 2 0 | inches in  diam eter and 2 8 | inches in  stroke; they 
ru n  norm ally at 140 revo lu tions; the m ain engines also drive 
the compressed-air service high pressure pumps.

Tlie auxiliary  engine equipm ent comprises a pair of 200 
Horse Power Diesel engines, driv ing dynamos and compressors, 
san itary  cooling and lubrica ting  pumps, winches, steering en­
gines, etc.

In  my earlier rem arks I  called atten tion  to the fact th a t the 
best results in com paring oil w ith coal were not to be obtained 
by using oil instead of coal in  furnaces for ra ising  steam , b u t by 
u tilizing oil in in terna l combustion engines, and while, from 
the data scattered th roughout my paper, it appears th a t  the 
effective value of oil for steam ra ising  m ay still be taken as from 
fifty to one hundred per cent, g reater th an  coal, its value in  an 
in terna l combustion engine m ay be from  three to four tim es 
th a t  of coal.

G entlem en,— M any years ago a good old friend of m ine, a 
genial Irishm an, sent me a New Y ear card w ishing me— “ a 
long life, an easy death, and a m erciful judgm ent.” I  have 
enjoyed the first, I  hope for the second, and I  now throw m y­
self on your charity  for the last.

-------------o---- --------
D ISC U SSIO N .

C h a i r m a n  : I  th in k  we have enjoyed listening to M r. 
W il son’s paper on L iquid  Fuel as m uch as we did to th a t  which 
he read on the former occasion when he appeared before us. 
The subject is now open for discussion. Em phasis is laid  upon 
the question as to the lubricating  oil which is suitable for an 
in terna l combustion engine, a point which should provoke a 
good deal of discussion.

M r. F . M. T im p s o n  : W e m ust all agree w ith M r. Adam ­
son’s rem ark th a t Mr. Y eitch W ilson has g'iven another very 
useful and valuable paper to the In s titu te . As the Chairm an 
rem arked, there is a good deal of discussion on th is question 
of lubrica ting  oils for in terna l combustion engines, and I  
th in k  I  am correct in  saying th a t more m ineral th an  vegetable 
oil is used for th a t purpose. I t  is therefore peculiar th a t this
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should he the ease if, as M r. Yeitcli W ilson states, the con­
ditions are sim ilar inside a cylinder as in  the open air. I  
raised the question w ith a large firm of in terna l combustion en­
gineers, who are m akers of lig h t engines, and they  said their 
general practice was to use m ineral oils which they  had found 
to be extrem ely satisfactory. These good results have been 
obtained, not only in  lig h t, b u t also in  heavy engines. In  
connection w ith the use of liquid  fuel, I  th in k  it  is beyond 
doubt th a t to burn  liquid  fuel in the open furnace is out of the 
question at the present prices, and the only m ethod of using 
it with greater economy than  coal is by means of the in ternal 
combustion engine. M r. W ilson’s rem arks on the use of the 
word “  crude ”  are very necessary, as the term  is used by m any 
w ithout knowledge of facts. Crude oil as such is too 
valuable a product to the oil producer to come on the m arket 
for fuel. A more correct term  is the “ residue,” and as 
chem istry advances the supply of residue decreases m ateria lly . 
In  fact when one sees the large tan k  vessels d ischarging crude oil 
and filling up the bunkers from the various coal tips there does 
not seem to be m uch prospect of ever getting  sufficient supplies 
of liquid fuel. I t  is largely  the question of supply of fuel oil 
which has prevented the greater adoption of the in terna l com­
bustion engine in  large sizes, and no doubt all pioneers have 
to pay heavily  for tbeir experience. C ertain ly  progress is being 
made, and in  this country  alone there is a fa ir proportion of 
large size engines under construction, and, generally  sneaking, 
in terna l combustion engines for tbe heavier oils, such as solar, 
are being m anufactured in  greater num bers year by year. I  
should like to express m y appreciation of the facts given by 
M r. V eitch W ilson and of the valuable item s, both historical 
and commercial, brought to our notice.

M r. -I. H .  W i l l i a m s : I  agree th a t we have had a very in ­
teresting paper. The point I  am  chiefly interested in  is the 
m atter of the in troduction of the lub rica ting  oils. I  do not 
quite see the point the au thor makes regard ing  the u n ­
su itab ility  of the m ineral oils or the vegetable oils. I  th in k  
tbe trouble found w ith lubrica ting  oils inside the in terna l com­
bustion engine is largely  due to the m anner in  which tbey  are 
introduced. The fuel is introduced into the cylinders under 
the conditions almost in  which they are going to burn . The 
lub rica ting  oil is p u t in neither heated nor under pressure. I t  
is pu t in as a lubrican t, therefore it rem ains as a lubrican t and 
does not bu rn  as quickly  as fuel, w ith the result th a t it car­
bonises and is not consumed. A ny oil introduced under those
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conditions -would give the same results— there would he a de­
posit. Mr. Timpson rem arked upon tan k  steamers bringing 
in  oil and then  tak ing  coal for the bunkers. Most of those 
vessels come from countries where they cannot get oil for fuel 
in  any quantity . The northern  states of Am erica, for instance, 
do not produce m uch fuel oil.

Mr. J .  C l a r k : The author gives a table, prepared by the 
B elm ont chemists, showing the am ount of air required  for 
combustion of the various fuels. This is an adm irable ta b le ; 
I  have never seen one prepared in  such a way before, and it 
gives at a glance all th a t is wanted. There is another ex­
trem ely im portant statem ent m ade: “ The presence of oxygen 
in  a combustible containing hydrogen has the effect of reducing 
its heating power, as the oxygen, to the extent th a t it is 
present, combines w ith the hydrogen to form water, bu t w ith ­
out evolution of useful h ea t.” I t  is astonishing how g rea t a 
num ber of furnace improvers— I  was going to call them  fu r­
nace engineers, bu t I  am not siire if th a t is the proper title— 
get round the theory of this question of hydrogen. They do 
not b ring  it  forward th a t there is not useful heat except there 
is no moisture present. The experim ents M r. Yeitch W ilson 
carried out did not allow for the factor of the am ount of air 
b rought in contact w ith the fuel. W ithou t a doubt you can 
m ake smoke at any time if the a ir supply is not properly mixed. 
In  the pam phlet which has been handed to us an illustra tion  
is given of H .M .S . Indomitable going at full speed with coal 
fuel, showing clouds of smoke coming from the funnels, and 
on the next page is shown II.M .S . Vanguard  steam ing on liquid 
fuel, w ith complete absence of smoke. I  suppose it is claimed 
th a t liquid fuel does not make sm oke; bu t m any fuels do m ake 
smoke, and make it badly unless they are carefu lly  watched. 
W ith  regard to lubrication, M r. W ilson confined his rem arks 
en tire ly  to the lubrication of in terna l combustion engines; bu t 
there is also the lubrication of steam engines to be considered, 
and I  gather from Mr. W ilson’s rem arks th a t he considers the 
compound oils to be more suitable than  the hydro-carbons. 
T hat m ay be, so fa r as lubrication is concerned; bu t w ith the 
use of superheated steam, w hat is the effect of the separation 
in  the w ater of condensation? Superheated steam . I  believe I  
am rig h t in saying, splits up the constituents of anim al or 
vegetable oils, whereas in pure hydro-carbons it has no effect. 
Perhaps M r. W ilson would refer to th a t in  his reply.

M r. F . 0 .  B e c k e t t : M ention has been made about the 
petroleum  o r gas turb ine. I  am inclined to th in k  th a t the
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m etallurg ists w ill have to make a m etal th a t w ill w ithstand the 
g reat heat of the in terna l combustion engine on the tu rb ine 
principle before it will be a commercial success. The author 
also referred to the Bonecourt boiler, w orking under blue 
flame conditions. I  had the pleasure of exam ining one of these 
some time ago a t an exhibition, and it appeared to give very 
good re su lts ; far be tte r results th an  are obtained w ith the gas 
or coal fired boilers. This surface combustion is certainly to 
be commended to anyone who desires to prevent sm oking. I t  
produced sufficient steam  to keep two engines going on a m uch 
reduced heating  surface area as compared w ith the ordinary 
m arine boiler. The only drawback was the increased use of 
the a ir pump or gas pum p necessary to pass the a ir th rough the 
tubes containing the refractory  m ateria l.

Mr. D u n c a n  B a r r : W e are a ll m uch indebted to M r. 
Yeitch W ilson for his paper to -n igh t; there was one point 
th a t interested me particu la rly , and th a t was the ex tract from  
Mr. N orm an H enderson’s le tter, as I  am experiencing the same 
trouble in getting  rid  of the ta rry  residue of a gas producing 
p lan t ru n n in g  on waste wood. I  th in k  M r. W ilson promised 
us a sketch of a burner which was used in  th a t instance. I t  is 
a subject of g reat im portance to m yself, and perhaps there are 
some others who would like to see it.

M r. Y e i t c h  W i l s o n : Is there m uch ta r?

M r. B a r r  : N ot very m uch.

M r. Y e i t c i i  W i l s o n : W e have a 100 h .p . engine ru n n in g  
on sawdust.

M r. B a r r : This is  one of 400 h .p . M r. H enderson had to 
get rid of the waste ta r  by runn ing  it on to the shale heaps, 
bu t, unfortunate ly , in  the centre of London one cannot do th a t.

M r. T im p s o n  : There is a good deal in M r. C lark’s rem ark 
on the proper m ix ture en tering  the cylinders for complete com­
bustion of the oil, and a g reat deal depends on the m anner in 
which the oil is injected.

M r. Gr. A d a m s  : I  should like to ask M r. Y eitch W ilson how 
he arrives a t the results of his investigations w ith regard  to 
ascertaining the calorific value of these oils. W e carry  out 
some experim ents here in  the  In s titu te  w ith  coal samples, b u t we 
have not got the length  of testing  oil, and in  view of fu tu re
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possibilities a liin t from Mr. Yeitcli W ilson m igbt be of value 
to us.

Mr. J .  W i l l i a m s  : W ith  regard  to the question I  raised of 
the introduction of lubricating  oils, I  th in k  it is a fact tha t 
m any m akers of in terna l combustion engines—those not of a 
h igh pressure type— recommend th a t the lubrica ting  oil should 
be introduced w ith the fuel. Is not th a t so?

M r. T i m p s o n  : I  know of several motors where they  m ix the 
oil and petrol, and th a t perform s the lubrication of the whole 
m otor.

M r. J .  S h a n k s  : I  am not an expert on either the b u rn ing  
o f oil fuel or the in terna l combustion engine. A t the same 
tim e all m arine engineers are interested in them , and th is  ques­
tion of lubricating  oils is of special interest to me. I  would 
like to know from Mr. Yeitch W ilson w ith regard to the 
vegetable oils and m ineral oils shown burn ing , if the one 
smoking most, which he calls a lubricating  oil, is a pure hydro­
carbon.

Mr. Y e i t c h  W i l s o n : I t  is a pure hydrocarbon; of the other 
two, one is olive and the other is rape.

M r. S h a n k s  : I  consider th a t to be an im portant dem on­
stration. In  the Diesel engine, so fa r as I  understand, it  is 
not possible to introduce a lubricating  oil w ith the com bustible. 
I t  m ust be introduced separately and it  m ust be a special oil, 
and the m anner in  which it is introduced m ust have a great 
deal to do w ith whether it  carbonises or not. I  was very 
pleased to hear M r. C lark re fer to the lubrication of the steam 
engine. At the present day we are m aking rapid advances in 
the steam engine. W ith  geared turbines and superheaters we 
are ar>r>i’oaching a degree of efficiency never dream t of four or 
five years ago, and w ith the atta inm ent of this efficiency, on 
the present m arket prices of oil there is absolutely no chance of 
the oil engine coming in  as a com petitor w ith the steam engine 
on the commercial basis. I f  th a t difficulty is overcome I  am 
perfectly well aware th a t the in ternal combustion engine can 
be made a success. There are a g reat m any difficulties to be 
overcome, bu t on the day when oil becomes cheaper we, as 
m arine engineers, are prepared to take charge of the in terna l 
combustion engine and ru n  it as successfully as we have the 
steam eng-ine. Mr. Yeitch W ilson refers in  his paper to the 
safety w ith which oil can be carried. I  th in k  I  was one of the 
first engineers who ever went to sea in  an oil tanker. I  was
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in  the second German ship bu ilt 27 years ago, and I was chief 
engineer iu  the first E nglish  oil ship in  this country. We 
carried crude oil from the B lack Sea and Am erica w ith  the 
greatest of safety, and at the present day, w ith the great ad­
vances made in the tank ship, there is no danger whatever in 
carrying the oil all over the world and in using- it successfully .o o  O «/
I f  the price of oil goes down we are prepared to take the re­
sponsibility of vising it successfully.

Mr. J . Y eitcii W ilso n : Mr. Tim pson, who speaks as an 
authority  on the internal combustion engine, made the  
correct statem ent that m ineral oils are preferred as lubri­
cants. I  am not alone, I  am glad  to say, but I  am  
one of very few who recommend fa tty  oils. I  have tried  
on various occasions at your m eetings to establish by  
these experim ents w ith lam ps* the fact that fa tty  oils 
are not responsible for the deposits in  engines. They m ay  
be responsible if  the arrangem ents for com bustion are im ­
perfect— any oil in  such a case would g ive deposit. I  am struck  
w ith  the fact that in  the internal com bustion engine the first 
recommendation is econom y in f u e l ; people try to get the 
cheapest fuel available, and they think that if  they have that 
in  the engine a sim ilar cheap oil w ill do for the lubrication. 
I think that if  they save on their fuel they ought to spend a 
little  more on their lubrication. W hat I  now say w ill apply  
to the remarks of two or three gentlem en. Mr. Clark pointed  
•out that a deposit is not entirely due to the oil itself, as any  
oil m ight, if  properly adjusted, be burnt w ithout deposit. 
G ranted; but, of two oils, if  one burnt w ell under normal con­
ditions, w hile another under normal conditions burnt badly, 
if  the conditions are made more severe I  do not th ink the two 
oils w ill change places and the one w hich was worst under nor­
mal conditions w ill supersede the other. The best argum ent 
for the superiority of vegetable oils in the internal combustion  
engine is that when trouble is experienced in  a gas or 
in  an oil engine —  and I  could g ive m any authorities —  
be it  deposit or gum m ing, it  is generally  overcome by the 
use of a vegetable oil. The late Sir W illia m  Crossley, 
w ith  whom I  discussed the subject, sa id : “ I  am not a 
chem ist, I  am an engineer, and I cannot rea lly  offer you  
a reason for it ;  but th is, undoubtedly, I  can te ll you, 
that when trouble arises from stick ing pistons or valves in  oil 
engines we generally  overcome the trouble b y  using richer, and 
if  necessary still richer, compound o ils.” Crossley found th is

* See footnote on page 112.



128 LIQ U ID  FU EL.

out in  a very peculiar way. I  once in terrogated  a gentlem an 
who was then a representative of the firm, but who was once 
an  apprentice, and he sa id : “ I  th in k  I  can tell you how Cross- 
ley’s came to use superfatted oils in  oil engines. I  was serving 
m y tim e in  the shop, and when we were testing a hig  oil engine 
we used to find a difficulty in  starting  it  in  the m orning, and 
sometimes we had to use the over-head crane to move the 
piston. One evening I  said to my m ate, ‘L et us try  th is  oil on i t /  
and poured the contents of a can near at hand on the piston 
overnight. The next m orning the piston came away easily. 
W e did it again and aga in ; the forem an was told about it, he 
told someone over him , and eventually M r. Crossley made his 
appearance on the scene. He asked w hat oil was used. W e 
said we got it  out of the oil-can in the shop, and on exam ining 
i t  he found i t  to be lard  oil. The order was then  given bv M r. 
Crossley to use in such circum stances a compound of 60 per 
cent, m ineral and 40 per cent, fa tty  oil. As a m atter of fa c t 
for years afterwards Crossley’s used a m ixture contain ing 40 
to 50 per cent, of vegetable oils. W hen trouble does occur, 
it does not occur often, bu t when it does we overcome it in th a t 
way.”

Tbe point seems to me to be th a t m any engines are runn ing  
satisfactorily on m ineral oil, and as they give little  trouble the 
engineer does not th ink , as he m ight do after consideration, 
th a t the position m ight be still more improved, and at the ex­
pense of a few pence more for oil, he m igh t effect a saving in  
his fuel b ill. I  remem ber one m an who found th a t he could 
save 3d. to 6d. a gallon on the oil, bu t when the gas b ill came 
in .h e  found he had spent a good deal more on the extra gas 
than  he had saved on the oil. The ord inary  gas engine runs 
very pleasantly if i t  is not taxed beyond the norm al l im its ; 
but when a man like S ir W illiam  Crossley finds th a t if trouble 
occurs i t  can be overcome in the way I  have m entioned, I  th in k  
we m ay take it  th a t under o rd inary  conditions the richer oil 
must be better for the engines. In  addition to Crossley’s I  
could name four or five firms who use rich fa tty  oils or com­
pound oils. Tangyes have used compound oils since they 
s ta rted ; H ornby’s use compound oils; P o tte r’s and the  
“ T rusty” use pure or nearly  pure vegetable oil. and I  do not 
th in k  these firms would use these oils and would recommend 
them  to th e ir customers if they  did not believe there was some 
value in them . Mr. C lark puts it th a t it m ay be due to im ­
perfect arrangem ents for combustion ; bu t do not these im per­
fect arrangem ents occur alm ost continually  when you have an
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eng ine working on a vary ing  load? W ith  regard  to the 
various methods of in troducing the oil, I  th in k  M r. Timpson 
spoke of several engines in  which the lubrican t is introduced 
w ith  the fuel. The only engine I  know of where th is is done is 
the “ Gnome,” and from its peculiar construction there is no 
o ther means of doing it. A re there any others ?

M r .  T im p s o n  : I t  i s  c o m m o n  w i t h  u s e r s  o f  m o to r  b o a t s  o f  
s m a l l  p o w e r .

M r. W il l ia m s  : M any A m erican boats w ith low pressure 
engines adopt this method.

Mr. Y e i t c h  W i l s o n :  I t  has not come to m y knowledge 
before, bu t I  see no objection to it. The oil would be spread 
over the surface and would distribu te itself well. Otherwise 
my own experience has been w ith the lub rican t introduced by 
various more or less ingenious m echanical devices. On the 
la rger types the pum p is in  vogue; as in  the steam engine cir­
culation by force pum p is in  use, and I  th in k  one or two en­
gines lubricate on the side of the cylinders. B u t I  th in k  the 
-fault m any engineers make is th a t they use the oil too liberally . 
I  am continually  te llin g  friends to be sparing w ith the oil as if 
it  is used too libera lly  it  brings trouble to the user and dis­
credit to the m an who supplies it. W ith  regard  to the Diesel 
engine, D r. Diesel said th a t pure m ineral oil ought to be used, 
bu t against th a t I  pu t his own argum ent. H e recommends his 
engine because it  can use pure vegetable oils. The position he 
takes up, therefore, seems to be inconsistent. The question of 
superheated steam, raised by Mr. C lark, takes us away from the 
in tern a l combustion engine to the steam engine. The tem ­
perature of superheated steam, I  understand, is being reduced 
a good deal now. I  believe there are some recent engines 
which are superheated up to 550°; bu t there is not m uch 
difference between th ick  and th in  oils a t th a t tem perature. 
T he viscosity of both th ick  and th in  oils drops and they be­
come very m uch a lik e ; bu t I  would like to point out to engi­
neers th a t the craving fo r a very heavy oil to stand the high 
tem perature invariab ly  brings trouble. Mr. C lark is, how­
ever, r ig h t in  his statem ent th a t there are m ateria l differences 
between the conditions which occur in  the two types. Even 
in engines using superheated steam I  take it  th a t condensation 
m ust occur to some extent, and the combined action of heat and 
m oisture m ust be to decompose fa tty  oils w hich are exposed to 
these influences. On the other hand, although we know th a t 
a  gallon of oil produces a gallon of water in  the course of com­
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bustion, the w ater produced by each explosion m ust he so small 
th a t it m ust be completely carried off by the exhaust w ithout 
depositing any m oisture in  the cylinder and w ithout exerting 
any effect upon the small percentage of fa tty  oil which may be 
present. The crude oil contains a variety  of fractions. As it 
comes from the ground it carries some proportion of bitum en 
or ta r, from 2 to 5 per cent. The Am erican oils used to give 
about 5 per cent, of residuum  and 95 per cent of distillate. 
The residuum  was re-distilled to produce lubricating  o i l ; b u t if 
the d istilla tion  had been carried on to dryness th a t residuum  
would have resolved itself into dry  hard  coke, and it  is evident, 
if crude oil contains th a t dry coke, i t  m ust be harm fu l. To 
produce a good cylinder oil, 50 per cent, of the orig inal volume 
m ay be distilled over and in  the rem aining oil there is the 2 
or 5 per cent, as the case m ay be of the original volume, or 4 
to 10 per cent, ta r  in the reduced volume, and there is 
danger in in troducing th is g reater percentage of ta r . F o r 
cylinders in  steam engines I  am in the hab it of recom­
m ending the ligh test oils th a t w ill do the work. There 
is another question which I do not th ink  has been decided. 
W h a t should become of the oil in the cy linder? The 
position is th is. One very h ighly  esteemed com petitor of 
m y own recommends the use of a th in  lig h t lubrica ting  oil. I  
discussed the m atter w ith him . H is argum ent is th a t if you 
use an oil of a fa irly  low boiling point, th a t is one which 
evaporates fa irly  easily, you are likely  to have a clean cylinder 
because the oil is all evaporated. B ut, on the other hand , you 
do not w ant to do th a t ;  you w ant the oil to have seme per­
manency, to rem ain there and perform  its function as a lu b ri­
cant. I  cannot say th a t I  endorse the idea of using such a 
th in  oil or of using an oil which will be carried away with the 
exhaust. M r. Beckett raises a curious question as to whether 
a gas tu rb ine  can be produced. I  am not a m etallu rg ist so I  
w ill not attem pt to answer, b u t I  remem ber th a t the first a t­
tem pt to produce a gas engine was in  tu rb ine  form. I  have 
heard from tim e to tim e of designs for turbines, and I  believe 
I  am rig h t in  saying th a t an  attem pt is being made to produce 
one in  this City ju st now. W ith  regard  to the question of the 
power obtained from a sawdust plant, as I  have said we have 
a 100 h .p. engine runn ing  on gas produced from sawdust and 
it is working satisfactorily. In  the first instance there was 
some trouble w ith ta r  getting  into the cylinder, bu t th a t was 
obviated by using a very rap id ly  revolving fan.

M r. B a r e  : W e are using a 400 h . p .  engine.
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M r. Y e i t c h  W il s o n  : Of course th a t is a m uch bigger job. 
To M r. Adams I  have to make a confession. I  hope I  have not 
pu t m yself in  a false position ; bu t in the paper I  have been 
largely  dependent on the authorities whose names I  have given, 
and I  am  sorry I  cannot help him  in g iving particu lars of how 
the tests were made, b u t illustra tions and particu lars of m any 
of the leading apparatus and methods will be found in a small 
pam phlet which I  wrote some years ago, “  Oil testers and how to 
use th em ,”  of which m y principals will be glad to send a 
copy free to any applicant.

A  vote of thanks was accorded to Mr. Yeitch W ilson on the 
proposal of Mr. Adams, seconded by Mr. Clark.

The m eeting closed w ith a vote of thanks to the Chairm an.

-------- — o-------------
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