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SOME ASPECTS OF STANDARDIZATION IN OIL 
MEASUREMENT.

By H. H y a m s  (Fellow).

Chairman of S t a n d a r d i z a t i o n  S u b - C o m m i t t e e  N o . 1— M e a s u r e m e n t

a n d  S a m p l i n g .

I t is pleasing to  be able to  report th a t close co-operation on- oil measure
ment m atters has been established between the A.S.T.M. Committee on 
Gaging, and the  In stitu te ’s Sub-Committee No. 1, the  first-fruits of this 
being the joint publication of two documents entitled respectively “ P rin 
ciples Governing Oil Measurement Procedure ” and “ Tables for Convert
ing Metric Tons in Vacuo to  Long and Short Tons in A ir.” These are 
published in the current issue of A.S.T.M. Committee D2 Report, and in 
the 6th edition of the In s titu te ’s “ Standard Methods for Testing Petroleum 
and Its  Products.”

The standardization work of the In stitu te  of Petroleum ’s Standardiza
tion Sub-Committee No. 1 has been divided into seven sections, each 
dealt with by a separate Panel. These Panels cover the  following subjects :

(1) Tank calibration.
(2) Measurement of oil depths.
(3) Measurement of oil tem peratures.
(4) Measurement of oil gravities.
(5) Sampling.
(6) Calculation of volumes and weights.
(7) Apparatus for oil measurement.

A further Panel has recently been formed, including members nominated 
by the Standardization of Tar Products Tests Committee, to  deal with 
measurement of blerrds of coal-tar and petroleum products.

In  subm itting their draft methods to  the Sub-Committee for confirma
tion, the Panels draw attention  to  any points of doubt or difficulty, or on 
which there has been division of opinion.

In  this paper it is proposed to  discuss a few of the problems which have 
been or still are occupying the a ttention  of the  Panels.

(a) Tank Calibration.
New types of storage tanks continue to appear, and although various 

authorities have recommended methods of calibration, no comprehensive 
publication on the subject is yet available. Panel No. I  is working on 
the preparation of such a document, but among other, difficulties the 
following thorny questions confront them  :—

(i) Is the external strapping method to  be preferred to 
diameter m ethod for vertical tanks, or should both 
approved, if they are geometrically equivalent ?
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(ii) Should allowance be made for expansion of the  tan k  under oil 
head, and, if so, how should fully or partially  supported buried 
or bricked-in tanks he trea ted  ?

(iii) To w hat ex ten t should water-filling be used in calibrating small 
tanks or parts  of large tanks ?

(iv) Should both water-filling and strapping m ethods be accepted as 
standards for the preparation of tables for horizontal tanks, and 
how are these methods affected if these tanks are tilted  ?

(v) W hat procedure should be used to  calibrate tanks w ith floating 
roofs, ship and barge, rail-car and road-wagon, spherical and 
spheroidal tanks, and other bulk containers ?

These are a few of the  questions which the Tank Calibration Panel must 
answer before their work can be considered as complete.

(b) Measurement of Oil Depths.
Panel I I  has made substantial progress in standardizing methods for 

measuring th e  depth of oil in containers, a  ten ta tive  bu t complete set of 
procedures for these measurements having been published in the February, 
1945, issue of th is In s titu te ’s Journal. The Sub-Committee invites com
m ent and criticism on these, so th a t an I.P . S tandard  M ethod m ay be put 
forward. There are difficult problems here also, such as, for example :—

(i) W hat methods are to  be used to  determ ine the quantity  and 
oil-content of emulsified sediments on tan k  bottom s ?

(ii) W hat are the real m erits of th e  hydrostatic gauge and the meter 
for measuring oil quantities ?

(iii) W hat are th e  best means of gauging a pressure ta n k  containing a 
highly volatile gasoline where no gauge glasses are available ?

(c) Sampling and Average Tank Temperature.
Panel IV  is preparing a standard  procedure for obtaining th e . average 

tem perature of the oil in storage vessels; th is is obviously important, 
since an error of 2° F. in the average oil tem perature leads, in the  case of 
th e  lighter oils, to  an error of over 0-1 per cent, in volume calculations. 
Any proposal to  circulate a ta n k ’s contents because the  gauger wants an 
accurate average tem perature is usually looked on with disfavour by the 
installation manager, so th a t oil in storage is seldom uniform in tempera
tu re  throughout its depth. Careful a tten tion  therefore m ust generally be 
given to  the  num ber of samples drawn, and th e  levels from which they 
are taken, as well as to  th e  apparatus and procedure used for drawing the 
samples and for taking their tem peratures.

(d)' Apparatus.
Specifications for recommended types of dip tapes, dip weights, ullage 

rules and water finders have been prepared by Panel V II and appear in 
the paper by Panel I I  on “ M easurement of Oil D epths ” referred to  above. 
Much comment on these is expected, because the  oil gauger undoubtedly 
has very strong likes and dislikes where oil m easurem ent apparatus is 
concerned.
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In terest has recently been aroused in the materials to  be used for 
measuring water depths and ullage levels in storage tanks.

Hydrom eters and samplers are now carefully specified in Standard 
Methods, and it is hoped to  produce before long recommended standards 
for therm om eters to  be used in oil tem perature work.

(e) Standard Temperature in  Oil Measurement.
I t  is not out of place to  recall here th a t a short tim e ago the Institu te  

aligned itself with the A .P.I. and th e  A.S.T.M. by confirming its accept
ance of 60° F . as the standard tem perature both for specific gravities of 
petroleum oils and for correction of oil volumes. This declaration of 
policy on standard tem perature in the petroleum industry was necessary 
because adherents of the metric system proposed to  have 20° C. recognized 
as the international standard tem perature in the petroleum industry.

(f) Units of Measurement and Tables.
This difference of view on standard tem perature leads naturally  to  a 

discussion of the  systems of weights and measures which are widely em
ployed, and the necessity for inter-relating them  for commercial usage; 
the prospect of the adoption of any international system of weights and 
measures would seem to  be as remote as ever. In  the oil industry  the  
three principal systems are the American, the  Im perial or British, and the 
Metric. By its publication in 1932 of “ Standard W eights and Measures,” 
a booklet which laid down authoritative conversion factors in the  three 
systems of measurement, Sub-Committee No. 1 made a  valuable con
tribution towards standardization of conversion factors in oil measurement 
calculations. The tables in th a t book have been accepted in  the  United 
States, and international status m ay be claimed for them . B ut th a t is 
only a fraction of the problem. So long as oil is handled both by volume 
at standard tem perature and by weight, we have to  guide those concerned 
in the simplest and m ost accurate methods of computing quantities. An 
im portant contribution in this connection is to  be th e  publication by the 
Institu te of Petroleum  in the  near future of a book of oil measurement 
tables. The production of this authoritative book of over 300 pages is 
perhaps the biggest standardization task  which Sub-Committee No. 1 has 
so far undertaken. I t  provides a set of tables which will allow the correct 
conversion of weights in  vacuo in the metric system to weights in air in 
the British and American systems. The tables will be in very close align
ment w ith the American Bureau of Standards tables, so widely used in the 
American oil industry, bu t as a British Standardizing body the  Sub- 
Committee has naturally  constructed the  tables so th a t they will facilitate 
weight and volume computations in British units. I t  is realized, however, 
th a t this new production does not complete the work under this heading.

In  the not very d istan t future a wider variety of commercial products 
will be available, and it  is not certain th a t the present tables for correcting 
specific gravity and volume for tem perature change will be satisfactorily 
applicable to  these new products. I t  is possible th a t the changes necessary 
may involve reconsideration of the whole basis on which the present tables 
are computed.



Again, tables are needed which will allow reduction to  60 F . of the  
specific gravities and volumes of the liquefied gases—propane, butane, and 
th e  like. These tables should, of course, be based on or correlated with 
some simple physical property  of these products, one which can be 
m easured easily in  a  small installation. Tables for blends of petroleum 
products w ith coal-tar products and with alcohol m ust also be provided, 
bu t, as already mentioned, steps tow ards th is have been taken. Prelim inary 
investigation shows th a t th e  problems which the new Panel will have to 
consider are not likely to  be easily solved.

This paper shows th a t  much has already been done on the  standardiza
tion  of oil m easurem ent procedure, although the  Sub-Committee’s Panels 
are likely to  have heavy programmes of work for a considerable tim e yet. 
Valuable co-operation has been received from all members of the Sub- 
Committee in  th e  work on which we have been engaged and, since the 
bulk of th a t work has been carried out under w ar-tim e conditions, the 
progress which has been reported speaks for itself.

342 SOME ASPECTS OF STANDARDIZATION IN  OIL M EASUREM ENT.
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SULPHUR ESTIMATION BY LAMP METHOD 
USING I.P. TEST 107/45 (T).

By A. R. J a v e s , B.Sc., F.R.I.C . (Associate Member).

In the  sixth edition (1945) of “ Standard Methods for Testing Petroleum 
and Its  Products ” the In stitu te  of Petroleum has adopted, as a tentative 
standard, an additional lamp method for the measurement of the sulphur 
content of petroleum products.

The previous lamp m ethod (I.P. 62/42) is limited in scope, not being 
suitable for sulphur contents of less than  about 0-01 per cent. Also, the 
apparatus does not perm it of the combustion being carried out in 
purified air.

I t  is now frequently necessary to  measure sulphur contents much lower 
than 0-01 per cent, and to  burn the test sample in an atmosphere sub
stantially free from impurities. In  the  case of the volumetric method the 
impurities include, not only sulphur compounds, bu t also acid vapours 
and materials which form acids when in contact with the flame. The 
gravimetric and turbidim etric procedures, based on measuring a pre
cipitate of barium sulphate, are affected only by sulphur-bearing impurities.

A blank test is usually made for these impurities by burning a sulphur- 
free material, such as alcohol, in another apparatus and subtracting the 
titration of the blank from the titra tion  obtained with the test sample. 
If  the sulphur content of the  test sample is low, then it  is possible for it 
to be almost equalled by the  blank, in which case the results obtained for 
the sulphur content of the test sample are very unreliable.

There was, therefore, a need for a standard m ethod in which the pro
cedure for working-up th e  test solution could be' chosen to  suit the  mag
nitude of the  sulphur content of the sample, using a form of apparatus 
suitable for carrying out the combustion in purified air.

The new lamp method I.P . 107/45 (T) is designed to cover the full range 
of sulphur contents which are likely to  be met, and is suitable for materials 
ranging from gases to  gas oil. The apparatus is suitable for burning the 
sample in purified air, or in a mixture of oxygen with nitrogen or carbon 
dioxide from cylinders.

While this procedure does not eliminate the need for a blank test, in 
general it ensures th a t the  am ount of sulphur found in the blank test is 
not excessive. A large part of the blank can come from the  reagents.

The lamp is so designed th a t prim ary ah’ is injected into the wick tube 
30 mm. from the top. This gives a very rapid rate  of combustion, and 
even highly aromatic materials can be burned without smoking. I t  is 
customary to  use enough prim ary air to  produce a steady and smoke-free 
flame, but not enough to  produce a bunsen-burner effect. Materials in the 
gasoline range can often be burned a t a rate as high as 8 m l./h r.; kerosines 
a t about 5 m l./hr. Gas oils will burn a t just over 1 m l./hr., if  previously 
mixed with a sulphur-free diluent.

The lamp is constructed with the burner and the oil flask sealed together, 
so as to  prevent the loss of vapour which might occur if the burner were 
corked into the oil flask. A T-piece burner is used for gases. The wick
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is introduced through the filling hole into th e  oil flask and then  pulled 
into place w ith a hook-ended piece of wire. *

The chimney is large enough to  provide a sufficient reserve of air 
to  prevent the  flame from going out while the  lamp is being corked in. 
The water jacket is fitted to  the  outlet tube so as to  cool th e  flue gas 
passing to  th e  absorber. W ithout th e  w ater jacket, the  heat from the 
burner is sufficient to  m elt the rubber tubing jo in t between the  chimney and 
the  absorber and to  evaporate the  solution in th e  absorber. The chimney 
is quite easy to  wash through with distilled w ater a t the end of a test.

The absorber is a modification of the  absorber specified for use with 
the previous I.P .T . G.4 method, the  enlarged top allowing for th e  increase 
in volume of liquid in the  absorber, due to  th e  condensation of the  water 
formed by the combustion of the sample, and also helping to  prevent the 
absorber solution bubbling over into the Drechsel bottle. A drain tube is 
also provided so th a t the  absorber contents can easily be transferred to a 
beaker a t the end of a test, in preparation for working them  up by the 
gravimetric or turbidim etric procedures.

The Drechsel bottle is used purely as a  catch-pot for any absorber 
solutions which m ay bubble over.

A flowmeter is used a t the  exit end of the Drechsel to  facilitate lighting 
and control of th e  lamps, and in addition it enables all th e  lamps and the 
blank to  be adjusted to  take the same quantity  of air. The purity  of the 
air is less critical if th is adjustm ent is made.

This apparatus has been in use for the  last three or four years for 
gravim etric and turbidim etric sulphur contents. Two operators can handle 
up to  tw enty  lamps between them . W hen th e  lamps were first pu t into 
use it was noticed th a t operators preferred them  to  th e  old style (such 
as those used for the  I.P . volumetric method) on account of the ease 
of operation.

The m ethod allows the test solutions to  be worked up volumetrically, 
gravimetrically or turbidim etrically. The volumetric procedure is sub
stantially  the same as th a t for m ethod I.P . 62/42, the advantages of the 
new m ethod being an improved control of the  flame, burning in purified air 
and a more rapid combustion of the sample. I t  suffers from the  same 
disadvantage as I.P . 62/42, in th a t nitric acid formed in th e  flame is recorded 
as sulphur, with the  result th a t it  is not suitable for sulphur contents of 
less than  0-01 per cent.

The gravimetric and turbidim etric procedures do no t suffer from this 
lim itation, as the sulphur compounds are measured after precipitation as 
barium  sulphate. The gravimetric procedure is quite conventional. I t  is 
not suitable for sulphur contents of less th an  0-001 per cent., bu t there is 
no upper limit. The repeatability of results is of the order of 0-001 per cent.

The turbidim etric procedure is suitable for sulphur contents down to 
0-0001 per cent., w ith a repeatability  of 0-0002 per cent. There is an 
upper lim it for the  use of th is procedure, which depends upon the make 
of turbidim eter used and which is usually between 0-005 and 0-01 per 
cent, sulphur, bu t th is range can be extended by burning less sample or 
by taking an aliquot p a rt of the test solution. Measurement of the 
tu rb id ity  produced by the barium  sulphate is a  very quick operation, and 
can be made w ithin a few minutes of adding the  barium  chloride. This
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procedure is based on th a t given by Zahn 1 for the measurement of low 
sulphur contents in petroleum products.

The sulphur content range between 0 001 and 0-005 or 0-01 per cent, 
is covered by both the gravimetric and turbidim etric methods, but the 
turbidimetric method is the  more accurate of the two in this region.

The efficiency of the lamps and apparatus, and of the gravimetric and 
turbidimetric procedures, has been examined very thoroughly.2 The work 
included measurements to  ascertain whether high boiling sulphur com
pounds were likely to  remain behind on the wick of the lam ps; whether 
errors were likely to  be caused by the sulphur content of the wick itse lf; 
a comparison of blank tests- made w ithout a flame, with an alcohol flame 
and with an electric heater; the effect of sulphur in the rubber-tubing 
jo in ts ; the effect of tetra-ethyl lead on test results, etc.

The method of test specifies th a t if the gravimetric or turbidim etric 
procedures are going to  be used to  test a leaded fuel, then the lead m ust 
first be removed by washing the  sample w ith fuming hydrochloric acid. 
The reason is th a t, if a leaded fuel is burned, part of the  lead is deposited 
on the wick and a larger part on the chimney. A portion of the sulphur 
content of the sample is deposited with this lead. This is not all dis
solved when the chimney is washed through with water into the beaker 
of test solution a t the end of the combustion. This effect is not peculiar 
to the lamps used with this method of test, though the error introduced 
is larger than  it would be with a lamp with a plain wick tube.

The order of magnitude of the effect of lead on the  results of a sulphur 
determination is shown by the following values taken from a graph cor
relating the results of just over a hundred tests made on various classes 
of motor fuel before and after leading.

Sulph u b  F ound , % .

C ontent, % .
D eleaded. Slow Lam p. F a s t Lam p.

0-0001 0-0001 0-0005 * 0-0002 *
0-0010 0-0010 0-0008 0-0004
0-0040 0-0035 0-0026 0-0016
0-010 — 0-0076 0-0041
0-100 — 0-094 -—

* The reason for these high resu lts  is obscure. I t  m ay  be caused by th e  co-pre
c ip itation  of lead  w ith  th e  barium  sulphate .

I t  can be seen th a t quite serious errors can arise, particularly when the 
sulphur content is low, if no precautions are taken to  avoid errors caused 
by the  lead.

An alternative to  deleading is being tried. This consists of washing the 
lead film off the chimney with acid into the  beaker of test solution. 
P r e lim in a r y  inform ation shows th a t it is very effective, bu t a final decision 
on the procedure has not yet been made.

The blank test is always very im portant when testing materials with a 
low sulphur content, and it is useful to  have some information as to  the

1 Zahn, V., In d . Eng. Chem. (Anal.), 1937, 9, 543.
2 Javes, A. R ., J .  Inst. Petrol., 1945, 31, 129.



contribution which various factors make to  the  overall m agnitude of the 
blank. The m ethod to  be adopted for purifying th e  air will depend 
largely on local circumstances. Experience in  a ru ra l d istrict has shown 
th a t scrubbing with a continuously renewed supply of tap  w ater is as good 
as any other purifying treatm ent. The purity  of th e  air*so obtained gives 
a blank test which is substantially the  same as th a t obtained when working 
with a m ixture of oxygen w ith nitrogen from cylinders.

Provided th a t the  blank is not too large relative to  the sulphur content 
of th e  fuel, its actual m agnitude does not m atter, as long as it  is a  constant 
quantity  for all the  lamps. A recent analysis showed th a t th e  greater 
p a rt of the blank came from the reagents and distilled water. The reagents 
were all used in m easured quantities, so their contribution was fixed, and 
the quan tity  of distilled w ater used was kep t as constant as possible by 
topping all the  beakers up to  the  same level after washing out the 
apparatus. A graduation m ark was painted  on the  beaker to  facilitate
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this. The results of th e  analysis were :—

B lan k  D eterm in a tio n .
Sulphur 

F ound , mg.

Average of 14 b lank  d e te rm in a tio n s using th e  e lectric  h e a te r  in place 
o f a  flam e . . . . . . . . . . 0-170

B lank  due to  d istilled  w a ter an d  reagen ts . . . . . . 0-158

B lan k  due to  a ir b y  difference . . . . . . . 0-012

The portion due to  reagents and distilled w ater was then  examined for 
the  contribution which each made to  the  blank, w ith th e  following 
results :—■

R eagent. Q u a n tity  U sed in  a 
N orm al Su lphur T est.

Su lphur Found, 
m g.

D istilled  w a ter say  400 m l. 0-039
Sodium  carb o n a te  N /4  . 20 m l. n il
N a O H /B rN /4 10 m l. 0-053
H ydroch loric  acid  N / l 19 m l. 0-013
Pheno lph tha le in 1 drop nil
C austic  soda, 20%  . . . . . 1-4 m l. 0-030
Alcohol/glycerol 20 m l. 0-001
B arium  chloride c ry sta ls 0-3 g. n il

T o ta l . . . . . — 0 1 3 6

This to ta l differs from the  value of 0-158 mg., when they  were all 
bulked together, by only 0-022 mg., and th is difference can be accounted 
as being well w ithin the  experim ental error of the procedure employed.

The fact th a t the  barium  chloride was also tested  m ay seem strange, 
bu t it m ust be remembered th a t it is in the form of small crystals. A 
batch of sieved crystals will last for a very long time, during which it might 
become contam inated w ith solid im purities {e.g., dust). These impurities 
m ight be insoluble and recorded in the  tu rb id ity , or they  m ight contain 
sulphate which would be converted to  barium  sulphate when the barium 
chloride crystals went into solution during the  test.
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STABILITY OF FUEL OIL.
By W. E. J . B r o o m ,*  Ph.D., B.Sc. (Fellow).

Chairman of Stability of Fuel Oils Panel of Standardization Sub- 
Committee No. 4—Gas, Diesel and Fuel Oil.

D u r i n g  the past two years the Stability of Fuel Oils Panel of the In stitu te  
of Petroleum ’s Standardization Sub-Committee No. 4— Gas, Diesel and 
Fuel Oil has been studying the stability  of fuel oil, and a brief account 
of the work of the  Panel is given here.

Due to  the complexity of the problem it was considered th a t progress 
could best be made by sub-division of the  subject into three main heads :—

(1) Stability  of fuel oil in storage,
(3) Stability of fuel oil in blending operations,
(3) Stability of fuel oil when heated  to  the  tem perature of use.

S t a b i l i t y  i n  S t o r a g e .

For the purpose of investigation of the storage stability of fuel oil it was 
decided to  investigate the Sediment by H ot F iltration test. The prim ary

SEAT G R O U N D  TO 
FIT I - I N .  STANDARD  
G O O C H  P ORCE LAI N  
F I L T E R  P L A T E  -----

BOTTOM OF O U T L E T  
END SHALL BE SMOOTH  
AND LEVEL AND SHALL  
ACT AS SUPPORT OR 
BASE OF F U N N E L

I N L E T

STEAM

O U T L E T

C R U C I B L E
HO L D E R

TO
SUCTI ON
P U M P

F I L T E R
F LASK

S E D IM E N T A T IO N  B Y  H O T  F IL T R A T IO N  T E S T .

F ig . 1. F ig . 2.
S T E A M -JA C K E T E D  F IL T E R IN G  F U N N E L . A S S E M B L E D  A P P A R A T U S .

object of the  Panel was to  ascertain if good reproducibility could be obtained 
using the te s t in various laboratories and, secondly, if the results could be 
correlated w ith the behaviour of fuel oils under normal storage conditions.

The m ethod of te s t consists of khe filtration of the oil sample through an 
asbestos filtering medium in a steam -jacketed funnel. A diagram of the 
funnel is given in Fig. 1.

* E s s o  E u r o p e a n  L a b o ra to r ie s .
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To carry out the  test, 20 grams of th e  oil are weighed directly  in to  a 
weighed filter funnel and, w ith the  apparatus assembled as in Fig. 2, filtered 
under a pressure of 10 in. m ercury. A t th e  end of th e  filtration the 
accum ulated sedim ent on the  sides of th e  funnel is washed down w ith a 
prescribed quan tity  of high-boiling naph tha  of specified properties. After 
a  final washing w ith A.S.T.M. precipitation naph tha, th e  funnel is dried 
out a t 105° C. and the weight of sedim ent determ ined.

The particular m erit claimed for th e  Sediment by  H ot F iltra tion  te s t is 
th a t i t  discloses and measures types of suspended m a tte r which may 
eventually deposit, and which are norm ally dissolved by the  boiling benzol 
used in th e  older m ethod I .P .—53/42(T)—Sediment in Fuel Oil by 
E xtraction .

Experience in regard to  th is te s t has no t been entirely satisfactory.

©O n  •©"ZCMO u -.

«SluO
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Z  “  S  O o  • 
w 7 O 1/1 
CC f .  Y~
LsJ iff t-  m
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^  0*2 0-4 0 6
° /o  S E D I M E N T  BY HOT F IL T R A T I O N  

B EF O R E  ST O RA GE
F ig . 3.

C O R R E L A T IO N  O F S E D IM E N T A T IO N  W IT H  S E D IM E N T  B Y  H O T  F IL T R A T IO N .

While the  six co-operating laboratories obtained good reproducibility for 
the sediment present in certain of the  oils before storage, the  determinations 
of sediment in the top  75 per cent, and th e  bottom  25 per cent, of samples 
stored a t 100° F . for 28 days were no t so consistent. In  general, deter
m inations on th e  stored samples showed th a t  some increase in to ta l sedi
m ent had occurred during the  storage period, bu t these increases were not 
large.

The difference between the  sedim ent in the  top  75 per cent, and in the 
bottom  25 per cent, is taken  as an  indication of sedim entation during 
storage. An a ttem p t to  correlate th is w ith th e  am ount of sedim ent before 
storage is shown in Fig. 3. In  th e  case of oil No. 5, a cracked 500-second 
type fuel oil cut back with gas oil, th e  proportionately higher sedimentation 
during storage m ay be due to  the low viscosity and specific g rav ity  of this 
oil. This view is supported by the curve in Fig. 4. A sim ilar curve is
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obtained when the  difference in sedim entation is plotted against the 
logarithm of the viscosity.

Unfortunately, the work has been hampered by filtration difficulties due 
to the inability to  obtain the correct type of asbestos, and such alternatives 
as a No. 3 sintered glass funnel have not proved satisfactory. Experi
mental difficulties in determining the sediment in the bottom  25 per cent, 
of the stored samples have also been experienced.

5 P. GR. AT 15°C.

F ig . 4.
R E L A T IO N  B E T W E E N  S E D IM E N T A T IO N  A N D  S P E C IF IC  G R A V IT Y .

While, therefore, it  is believed th a t this tes t may be of considerable use, 
it is obvious th a t further work m ust be done before it  can be pu t forward 
as a standard  m ethod or even as a ten tative standard. I t  is also very 
desirable th a t some correlation with normal storage conditions should be 
established.

S t a b i l i t y  o n  B l e n d i n g .

In  regard to  the stability  of fuel oil in blending operations it was decided 
to  examine the possibilities of the  Xylene Equivalent test. This is based 
on the  Oliensis Spot test, and is carried out by heating, on a boiling water - 
bath, 2 grams of the  fuel oil with 10 ml. of a tria l m ixture of xylene and 
Oliensis solvent. After heating for 8 minutes with agitation a t the end
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of each m inute the  flask is removed from th e  w ater b a th  and allowed to  
cool. A drop of the  m ixture of oil and solvent is th en  removed from the 
flask by means of a p ipette  and placed on a No. 50 W hatm an filter paper. 
After 10 m inutes th e  drop is examined and, if the nuclear ring is still visible, 
the  procedure is repeated using solvent m ixtures w ith progressively increas
ing xylene contents, in 5 per cent, increm ents, un til th e  stage »is reached 
when th e  nuclear ring ju st disappears. This procedure is illustrated  in 
Fig. 5.

The lowest percentage of xylene in th e  solvent to  give no nuclear ring is 
reported as th e  Xylene Equivalent. Thus, for th e  example given in Fig. 5, 
the  Xylene Equivalent is 41 /45, indicating th a t, w ith a m ixture containing 
40 per cent, of xylene, th e  nuclear ring still exists, b u t th a t  when the 
xylene content had  been increased to  4-5 per cent, there was no ring.

A fairly satisfactory degree of correlation was found between co-operating 
laboratories, m ost of the  oils examined showing a reproducibility of ± 1 0  
units. In  some cases, however, th is lim it was appreciably exceeded, and 
in  one particular instance results varied from 0 to  100 + .

The m ethod does no t appear to  be unduly sensitive to  the  composition 
of xylene or Oliensis solvent used, w ithin th e  specification limits, nor to 
the  tem perature to  which th e  oil-solvent m ixture is cooled.

F urther work will be necessary to  define th e  in terp re ta tion  of the results. 
I t  is probable th a t a  Xylene Equivalent of 0  indicates th a t  the fuel oil is 
compatible w ith a paraffinous gas oil, whilst a value of 100 probably indi
cates incom patibility. More inform ation is needed on the  interpretation 
of the  interm ediate figures.

One criticism of the  te s t is th a t th e  procedure ignores the  possible peptis- 
ing influence which one oil may exert on o ther oils in a  blend. The argu
m ent has been advanced th a t blending stab ility  cannot be dissociated from 
the  particular constituents which it  is required to  blend. In  other words, 
the  instability  of a blend should not be considered peculiar to  any con
stituen t, bu t as a property of the  com bination of oils in the blend.

The problem certainly seems to  be one of colloidal chem istry which 
cannot be dissociated from the physical conditions which exist. A method 
which involves th e  use of a light solvent in  assessing the  occurrence of 
sedim ent is, therefore, not viewed with entire satisfaction.

S t a b i l i t y  t o  H e a t  T r e a t m e n t .

The stab ility  of oils to  heat trea tm en t has been examined using the 
N.B.T.L. or U.S. N avy H eater test. This te s t, which was developed in the 
U.S. N aval Boiler and Turbine Laboratory, Philadelphia, and is incorporated 
in the  U.S. N avy Specification No. 7-0-1 f. is s ta ted  to  have given good 
results in correlating the  behaviour of U.S. N avy fuel oils w ith deposits in 
pre-heaters under conditions applicable to  U.S. N avy steam  p lan t practice.

The te s t is regarded highly by the  U.S. Navy, bu t as y e t there  is no 
evidence available to  the  Panel to  indicate th a t  th e  Royal N avy or the 
B ritish Mercantile Marine have found it necessary to  apply such a te s t to 
the ir fuel oil. This may be due to  the  particular steam -raising technique 
used by  the  U.S. N avy or to  the wider varie ty  of fuel-oil types employed 
by it  for steam  raising.
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The apparatus used is shown diagrammatically in Fig. 6 and a sectional 
view oi the heater element is given in Fig. 7.
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Briefly the te s t consists of subjecting the  oil to  a heating tes t which lasts. 
20 hours, during which tim e the oil is heated to  a tem perature of 200° F. 
The oil is pum ped over the outside of a steel tube, inside which is an electric 
heater element m aintaining a tem perature of 600° F. The results of the
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te s t is assessed on the  basis of the appearance of the  tube a t  th e  conclusion 
of th e  20 hours.

An 8-in. section of the steel tube is washed by flushing w ith  a stream  of 
benzol. A fter th e  benzol has drained off, one-half of the washed section is 
hand-wiped w ith a clean soft cloth. Thus, th ree sections of th e  tube are 
available for exam ination :

(a) a wiped, washed sec tio n ;
(b) an unwiped, washed section; and
(c) an unwashed section.

D ependent on th e  appearance of these sections, th e  oil is ra ted  as 
“ S table,” “ Borderline ” or “ U nstable.” The m ethod of ra ting  is indi
cated in Fig. 8. Originally th e  U.S. specification differentiated 5 types 
of oils, b u t apparently  wider experience w ith  th e  te s t  has resulted in 
simplification.

W hen th e  Panel commenced th is work it  was an ticipated  th a t  there might 
be some difficulties in  obtaining reproducibility of results between labora
tories, on account of the  qualitative m anner in which th e  assessment was 
made. In  practice, however, th is  doubt was no t realised, as shown in the 
following table :

N .B .T.L. H e a t e r  T e s t .

Oil.
L abora to ry .

1 2 3

1 S table Stable _
2 B orderline B orderline —
3 U nstable U nstab le —
4 ‘ — Stable Stable
5 — B orderline B orderline
6 Stable Stable S table
7 Stable Stable S table
8 B orderline — S tab le

Thus, for the  eight oils examined there was only one case of disagreement 
and th is only as to  whether the  oil was “ borderline ” or “ stab le .”

From  th is point of view, therefore, the  te s t  may be regarded as satis
factory although the Panel has no evidence as to  how the results check with 
U.S. Navy practice. Similarly, th e  Panel has no evidence to  indicate that 
its general adoption as a te s t  for all types of marine fuel is necessary. Up 
to  th e  present th e  work has bepn confined to  oils which conform to the 
U.S. Navy Specification 7-0-1 f. viscosity clause, i.e., oils having a viscosity 
below 225 secs. S.U. a t 122° F.

From  th is brief account of w hat has so far been accomplished by the 
Panel, i t  will be seen th a t  there  still rem ains m uch to  be achieved before 
satisfactory te s t m ethods are produced which will indicate the  stability 
characteristics of fuel oils in relation to  particular conditions of use. I t  is 
also obvious th a t  there is still relatively little  knowledge concerning the 
mechanism whereby those changes occur in a fuel oil which cause it  to  be 
designated as “ unstable.”



353

THE PROBLEM OF DEVISING TESTS FOR SOIL 
STABILIZATION.

By L. G . G a b r i e l , B . S c . (Fellow).

Chairman of S o i l  S t a b i l i z a t i o n  P a n e l  o e  S t a n d a r d i z a t i o n  
S u b - C o m m i t t e e  N o. 7— A s p h a l t i c  B i t u m e n .

I t  would probably be correct to  call the In stitu te  of Petroleum ’s decision 
to appoint a Soil Stabilization Panel an exploratory one. The first m eet
ings of the Panel early in 1943 soon indicated th a t the  problems on which 
attention was to  be focused were somewhat different from those normally 
encountered by such bodies.

The difficulty lay in the  somewhat restricted range of practical experience 
available. Extensive laboratory studies had been made both a t the Road 
Research Laboratory a t Harmondsworth and in several of the  commercial 
laboratories represented on the Panel, and to  a certain extent the con
clusions of these investigations had been checked in the field, but the 
influence of a wide variety  of practical conditions remained unexplored. 
Acknowledgment m ust be made of the  great value of the American speci
fications drafted by the  A.S.T.M. and the American Association of State 
Highway Officials, bu t it  was felt th a t m any of these tests needed close 
scrutiny before being included as they stood in any British standards 
which might be set up.

I t  should be emphasized a t this point th a t th e  Panel was unanimous in 
its desire not unnecessarily to  m ultiply the number of tests which would 
apply to  any particular property or; aspect of the problem. Thus, the 
procedure adopted was to  collect as m any as possible of the sets of tests 
already published in different countries, and then to  determine the origin 
of any differences which might exist, and to  endeavour to  arrive a t a 
logical method of operation which might stand a good- chance of ultim ately 
being acceptable to  all parties. In  some cases the  ultim ate choice of test 
conditions might coincide with one of the already published m ethods; in 
other cases an effort was made to  deal with complications or factors which 
had apparently not been taken  into account by existing methods.

As an illustration of this the question of the level of compaction at 
which performance tests of various types should be undertaken should be 
cited. There is an American compaction procedure which has received a 
measure of recognition as a standard procedure, and which is generally 
known as the Procter Method. In  this method the soil mix is filled into a 
mould having a diameter of 4 in., and is then tam ped with a rammer 
having a diameter of 2 in., twenty-five blows of the rammer being given, 
each one with a free fall of 12 in. An effort is made to  distribute the 
blows evenly over the  surface of the specimen. The problem is whether 
the degree of compaction reached in this method of working bears any 
relation to  the actual values achieved in the course of field operations. 
Obviously, such criteria of excellence of the finished work as water-
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resistance, bearing capacity, and so on, will depend entirely on th e  degree 
of consolidation of th e  m aterial, and it is a  m atter of great importance 
th a t da ta  should he available showing some constant relation between the 
results of the  test and the performance of actual m aterial on the  site. 
This is where the difficulty lies.

American experience would seem to  show th a t th e  P rocter standard of 
compaction is a fair and reasonable one to  aim a t w ith ordinarily available 
p lan t as used for such work. The work of the R oad Research Laboratory 
in England tends towards the  same conclusion. Nevertheless, it is known 
th a t a ra ther higher degree of compaction, if obtainable in practice with 
reasonable care and attention, would be conducive to  a higher standard of 
performance, and in some cases would allow of the use of more economical 
aggregates. More recently higher standards of compaction have appeared 
ra ther ten tatively  in the U.S.A. and there is a feeling on th e  p a rt of some 
members of the Panel th a t we should not hurry  to  accept the  Procter 
level of compaction in England until th e  trend  of actual field-work is 
seen more clearly.

There is a further problem associated with th is question of the standard 
level of compaction. As an obvious alternative to  th e  im pact method of 
consolidation there is the use of a steadily applied pressure. This is used 
in Test A.4 of th e  schedule recently issued by  the  Panel. A t the pressure 
level selected for this test, i.e., 3500 lb./sq. in., there is no question th a t a 
ra ther higher density is produced th an  by the Procter m ethod. I t  is 
recognized th a t th is is a ra ther unsatisfactory position, bu t it should be 
possible to  resolve it simply enough once a greater volume of practical 
experience is available. The endeavour should obviously be to  select the 
highest level of compaction which can be achieved regularly in practice, 
with reasonable care in working, and to  determine as precisely as possible 
equivalent conditions for producing this degree of compaction by impact 
or by steady pressure.

Other problems which need a similar increase in the  am ount of available 
practical experience for their solution are th e  devising of a standard  test 
for resistance to  the effects of frost, and the finding of a reasonably accurate 
chemical m ethod o f  analysis to  determ ine the binder content of mixes 
stabilized w ith bituminous materials.

The problem of the effects of frost is a particularly  difficult one. The 
R oad Research L aboratory has been a t great pains to  collect available 
d a ta  regarding soil tem peratures during recent cold spells, and efforts have 
been made to  decide on the order of tem perature gradients which may be 
expected in  severe w inter conditions in England. Based on these data 
the  Panel has endeavoured to  form conclusions on the  probability of 
frost-heave in stabilized work. Generally speaking the  bulk of experience 
is th a t genuine frost-heave is of rare occurrence, bu t th a t disintegration 
of surface layers due to  the  effects of frost is much more frequent. An 
effort is now being made to  produce various tem perature gradients in 
laboratory specimens, and to  study their effects on stabilized mixes. The 
work in itself is difficult, and adequate correlation with behaviour in the 
field is essential, the  la tte r being particularly difficult in view of the 
normally tem perate climate in England.

The problems associated w ith the accurate determ ination of binder
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contents are of quite another order. I t  need not be emphasized th a t the 
work of the  Panel is confined to  soil stabilized with bituminous materials, 
and it  is only this type of binder for which it is being attem pted to  legislate. 
The methods commonly practised with other bituminous-coated road 
aggregates are those which obviously come first into consideration. I t  is 
found, however, th a t the high specific surfaces of normal stabilized aggre
gates, coupled w ith the usually rather high activ ity  of these surfaces, 
results in the  strong retention by absorption of considerable amounts of 
the binder, which in consequence are difficult to  recover in the normal way 
by solvent extraction. Here experim entation with different combinations 
of solvents, allied possibly to  procedures aimed a t flocculating the finer 
aggregate, are being studied, and it is regarded as probable th a t the most 
serious of these difficulties will be overcome in the fairly near future.

In  w hat has been said an a ttem pt has been made to  show some of the 
problems which had to  be faced prior to  the recent issue of the  Panel’s 
first report. Subsequent to  the appearance of this report the  difficulties 
have become even more significant. The reason for this is not far to 
seek : the first report represents the answers to  questions on which the 
agreed data adm itted of prom pt finality. I t  was realized th a t th e  really 
difficult problems remained for subsequent treatm ent, and consequently 
the second report m ay still be some little  while in appearing. Neverthe
less, the work goes on, and in this connection it  would perhaps be as well 
to remark in conclusion th a t the  B.S.I. Soil Stabilization Committee RD/9 
is now in th e  field, although, owing to  th e  complexity of the preparatory 
work, its agenda is still in process of being formulated. The author has 
been honoured by being elected Chairman of th a t Committee, and was 
especially pleased to  accept th e  office, as it afforded the prospect of very 
complete co-operation with the In s titu te ’s Panel. I t  is hoped th a t the 
pioneer work of the  la tte r body will lighten the labours of the  larger 
Committee, and th a t the In stitu te  may thereby strengthen its role as one 
of the major technological organizations of the country.

c c
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THE USE OF LIQUID-IN-GLASS THERMOMETERS
By J . G. D u b h a m .*

I n s p e c t i o n  b e e o b e  U s e .

I t should be an invariable rule th a t before any therm om eter is used it 
should be inspected visually w ith th e  aid of a  small pocket lens and 
exam ination m ade—

(i) of the  safety-cham ber a t  the top  of the  stem, to  ascertain whether 
any detached mercury has collected therein, either as a  film or in small 
globules; and

(ii) of the bulb and contraction chamber, to  ensure th a t there are 
no specks of gas in the mercury and no detached mercury in the 
contraction chamber or along the bore.

A d j u s t m e n t .

Thermometers frequently arrive from th e  m anufacturer with defects 
such as those already mentioned, and these can usually be readily adjusted.

For example, the “ I.P . 22W A.M. Oxidation ” therm om eter often has 
detached mercury held up a t the  top  of the contraction chamber and for 
a  short distance along the  bore. Shaking will seldom p u t th is right, and 
it  is almost always necessary to  cool the bulb un til th e  detached mercury 
comes down into the contraction chamber in th e  form of a th in  film. If 
the  side of the  stem  is then  tapped  gently, the  detached m ercury will form 
into a globule clinging to  the  wall of the  contraction chamber. The ther
mometer should then  be kept free from vibration and th e  bulb warmed 
w ith a m ethylated-spirit flame until the  m ercury is joined to  the main 
column.

W here gas is found entrapped in the  mercury a t  the  shoulder of the 
bulb, it will usually be cleared by cooling the bulb by immersion in solid 
C 02 or some suitable medium until the m ercury is cooled below the speck. 
In  extrem e cases it m ay be necessary to  cool the  mercury to  below its 
freezing point and then  to  force the speck above the  m ercury by giving 
the therm om eter a downward swing.

D etached m ercury may be located in the  safety-cham ber a t  th e  top of 
the stem, and can generally be driven down the  bore by applying a methyl
ated-spirit flame across the top of the  therm om eter. Should it  become 
necessary to  warm the bulb in order to  rejoin the  mercury, the thermo
m eter should not be used for some hours un til it  has recovered from the 
tem porary depression of zero.

T h e b m o m e t e r s  i n  U s e .

Assuming th a t the therm om eters are in good order, the  mercury-in-glass 
types present little difficulty in use. Those of th e  spirit-in-glass type

* C om m unication from  The N ational Physical L abora to ry .



should he cooled very slowly, and with pentane as the filling it  m ay take 
at least an hour to  cool these satisfactorily to  the  boiling point of oxygen 
( 182-97° C.). To ensure th a t no spirit is left along the walls of the bore,
all spirit therm om eters should be cooled as slowly as possible, a good 
practice with standard  instrum ents being to  cool a t the rate  of 1 /3° C. per 
minute.

S t o r a g e  o f  T h e r m o m e t e r s .

Care in the  storage of thermometers is as im portant as care in use. 
Those which have a tem perature range below 0° C. (say —40° C. to 10° C.) 
should, as far as possible, be stored vertically, bulb downwards, in a cool 
place. Spirit thermometers m ust be stored away from the direct rays of 
the sun.

Thermometers which have been heated should be allowed to  cool to  air 
tem perature (20° C.) before being pu t away. They should not be exposed 
to sudden heating or cooling, particularly in the region of the  contraction 
and safety-chambers.

R e -m a r k i n g  t h e  D i v i s i o n s .

I f  it is found during use th a t the pain t has come out of the divisions 
of the therm om eter scale, a  tem porary filling can be effected by rubbing 
an ordinary lead pencil over the divisions. This will suffice until the 
instrum ent can be withdrawn from the apparatus, cleaned, and the scale 
divisions re-blacked.

S t a b i l i t y  o f  Z e r o .

Under this heading the suggestions are lim ited to  the standard  therm o
meters “ I.P . 29W ” to  “ I.P . 32W ” used in the determ ination of Viscosity 
(Kinematic) in Absolute U nits (I.P .—71/45 (Tentative)).

To obtain the high degree of accuracy required it is essential th a t frequent 
checks should be made on the ice-points of these thermometers. For this 
purpose it is necessary th a t the purity  of the ice should be above question. 
In  addition to  checking the ice points, it  m ay be desirable also to  check 
one tem perature on the  main scale—say 70°, 100° or 210° F. In  making 
this check it is im portant th a t the  stirring of the comparison bath  used 
should be adequate to  give the accuracy demanded.

These therm om eters are so openly divided th a t in use they should be 
treated similarly to  calorimeter and Beckmann thermometers. Prior to 
the taking of readings they should be subjected to  sufficient vibration or 
tapping to  overcome any “ situation ” of the  mercury column.

P a r t i a l  I m m e r s i o n  T h e r m o m e t e r s .

On those occasions when the defined immersion line is not the true 
immersion, which may, in some cases, be rather indefinite, common sense 
should be used in correctly interpreting the immersion.

In  the case of some standardized thermometers the emergent stem 
tem peratures have been specified, but the difference found in actual 
practice should be taken into consideration when applying the therm o
meter correction.
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THE INSTITUTE OF PETROLEUM.
A  M e e t i n g  of the  In stitu te  of Petroleum  was held a t  Manson House, 

26 Portland  Place, London, W. 1, on W ednesday, March 14th, 1945, 
Professor F. H . G a r n e r , President, being in the  Chair.

The P r e s i d e n t  said th a t the present meeting was a special standard
ization meeting, the  papers to  be read covering some of the m ain subjects 
which the S tandardization Committee were a t  present discussing.

The following paper was then  read by the  author :

“ Some Aspects of Standardization in Oil M easurem ent,” by H. Hyams 
(Fellow). (See pp. 339-342.)

D ISC U SSIO N .

Mb . J .  S. J ackson said he h ad  been astonished to  find th a t  th ere  was no real law 
laid  dow n for a  ta n k  w ith  a  b o tto m  which m oved. Should n o t som e definite con
clusion be a rrived  a t  as to  w hether th ey  should have a  w a ter b o tto m  or n o t ?

Mb . H yams replied th a t  th ey  were n o t com pulsory here, th o u g h  th e y  m igh t be so 
in  o ther countries. I t  was n o t unusual, p a rticu la rly  in  th is  c o u n try , for gasoline 
tan k s  to  have w ater bo ttom s, to  avoid  trouble  in  gauging, an d  i t  h a d  been common 
p ractice  during  th e  w ar to  have  large w a ter bo ttom s, to  m inim ize ev ap o ra tio n  losses. 
So far as he w as aw are, th ere  were no existing  law s insisting  on w a ter b o ttom s, and 
w hilst in  certa in  circum stances such w ater b o ttom s were useful, th ere  were other 
good reasons for resisting  com pulsory w a ter bo ttom s.

T h e  P r e sid e n t  asked how fa r  th e  b o tto m  o f th e  ta n k  m oved.

Mb. P . K e r r  (replying to  th e  las t question) said th a t  th e  idea th a t  th e  bo ttom  of 
a  ta n k  was m oving was p u t forw ard  m ore often  th a n  w as necessary. W hen errors 
in  m easurem ent occurred  th e  suggestion w as m ade  th a t  th e  b o tto m  w as moving. 
T h a t th ey  d id  som etim es m ove was certain , b u t  he th o u g h t th e  suggestion was put 
forw ard m ore often  th a n  th e  c ircum stances w arran ted . The foundations o f a tank 
h ad  to  be p a rticu la rly  b ad  o r th e  original stab ility  m u st have failed in  some way 
before th e  b o tto m  could m ove to  an y  g rea t ex ten t. H e could rem em ber a  tan k  in 
Shanghai where th e  b o tto m  m oved u p  an d  down, b u t  p roof th a t  th e  bo ttom  was 
m oving was seldom obtained . T he objection to  p u ttin g  w a ter in  was th a t  unless 
th e  ta n k  w as for use for w a ter d isp lacem ent storage i t  w asted  space for oil and 
increased th e  cost o f storage. Likewise th e  presence o f w a ter increased  th e  ra te  of 
rusting.

Mr. A. R . J aves then  read his paper :

“ Sulphur Estim ation by Lam p M ethod Using I.P . Test 107/45 (T),” by
A. R . Javes, B.Sc., F .R .I.C . (See pp. 343-346.)

D ISC U SSIO N .

T h e  P r esid e n t  said th a t  i t  w as a  h ap p y  th o u g h t o f S tan d ard iza tio n  Sub-Com m ittee 
No. 3 to  p resen t a  pap er w hen ap p ara tu s  such as h ad  been used for so m an y  years 
w as replaced by  a  new  piece o f ap p ara tu s . The degree o f accu racy  w hich could be 
ob tained  w ith  th e  p resen t piece o f ap p ara tu s  would perhaps come as a  surprise to 
some m em bers.
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D r. E . B. E vans did n o t th in k  he could add  very  m uch to  th e  excellent p ictu re  
given by  th e  au th o r o%the background o f th is  new m ethod  an d  th e  necessity for its  
introduction. Sub-Com m ittee No. 3, like th e  o ther Sub-Com m ittees, h esita ted  to  
introduce y e t fu rth e r m ethods o f testing  or to  a lte r existing ones unless convinced 
th a t i t  w as really  essential. I t  h ad  been done in th is  case only because th ey  were 
convinced th a t  the  old I .P . an d  A.S.T.M. m ethods were n o t adequate  for low su lphur 
contents. The A.S.T.M. also h ad  recen tly  found i t  necessary to  discard  th e ir old 
method, and  h ad  now  in troduced  one which, like th e  new  I .P . m ethod, involves 
burning th e  sam ple in  purified air. The A.S.T.M., however, use b o th  a  different 
lamp and  a  different w orking-up procedure from  those which have been described by  
Mr. Javes.

Mb. J .  S. J ackson rem arked th a t  th e  A pparatus C om m ittee fe lt th a t  th e  chim ney 
was a  complex piece o f w ork an d  very  fragile. Ground-glass jo in ts betw een th e  
chimney and  w ater jack et m igh t perhaps be tried  if  i t  w ould n o t in terfere  w ith  the  
accuracy o f th e  test.

Mia. J aves replied th a t  th e y  h a d  n o t found th e  ap p ara tu s fragile, an d  a f te r  th e  
first day  th e  operator soon found  th a t  he could handle  i t ; th ere  h a d  been v ery  few 
breakages w ith  it, a lthough th ey  h ad  a  large num ber o f sets in  operation. I f  th ey  
used a  ground-glass jo in t a t  th e  to p  he th o u g h t i t  would cause trouble. T h a t p a r t  
of the appara tus becam e very  ho t, an d  th e  jo in ts would bind  up, or th ey  m igh t break.

M r. J .  S. J ackson pointed  o u t th a t  he h ad  been th ink ing  prim arily  o f  th e  person 
who m anufactured  and  delivered th e  appara tus.

M r. J aves said th a t  a  form  of chim ney which h ad  been used for a  long tim e was 
one in  which th e  w ater-jacket was held in  place over th e  o u tle t tu b e  o f th e  chim ney 
by m eans o f rubber stoppers. R ecently , however, th e  firm  m anufactu ring  the  
apparatus h ad  supplied some chim neys w ith  th e  w ater-jacket sealed d irectly  to  the  
outlet tube, an d  these h ad  proved  to  be v ery  satisfactory .

The following paper was then  read by the author :

“ Stability of Fuel Oil,” by W. E. J . Broom, Ph.D ., B.Sc. (Fellow). (See 
pp. 347-352.)

D ISC U SSIO N .
The  P r esid en t  said th a t  th e  paper illu stra ted  th e  large am o u n t o f w ork which 

had to  be done in  developing a  new m ethod  o f testing . The p rim ary  concern had  
been th e  reproducibility  o f th e  test, an d  th e  question  o f correlation in  actu al practice 
formed only a  sm all p a r t  o f th e  w ork so far.

Me. A. R . Stark  rem arked  th a t  he  h ad  no th ing  to  add  to  th e  paper, beyond saying 
th a t th e  w ork so fa r h ad  been confined to  p roducing reproducible laboratory  tests. 
I f  th ey  were w orking on th e  rig h t lines th e  te s ts  would correlate  w ith  practice, but 
if  any  te s t failed to  correlate w ith  practice  i t  could n o t be satisfactory. H e felt th a t  
i t  was necessary, therefore, to  avoid p u ttin g  any th ing  forw ard for adoption before 
there had  been a n  opp o rtu n ity  to  s tu d y  correlation w ith  practice. W ith  regard  to  
the  H o t F iltra tio n  te s t  i t  would p robab ly  be some considerable tim e before i t  could 
be said  th a t  i t  m ea n t any th ing .

M r. C. S. W in deban k  asked w hether th e  Panel h ad  considered th e  possibility  of 
using th e  U .S. N avy  H eate r te s t as a  m eans o f m easuring storage stab ility .

Dr . B room replied th a t  th e  te s t h ad  been considered from  th is  view po in t. A 
suggestion h ad  been m ade th a t  th e  U .S. N avy  used th e  H eater te s t to  indicate storage 
stability , b u t  inquiries had  ascertained th a t  such in  fac t was incorrect.

M r. J .  S. J ackson  hoped th a t  people w ould be p a tien t w ith  th e  X ylene E quivalen t 
test, because he believed th a t  i t  h ad  possibilities so long as i t  was n o t expected to
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answ er every  question. I t  d id  touch  th e  fund am en ta l s tab ility , an d  i t  d id  n o t take 
too long to  carry  out.

R egarding th e  U .S. N avy  H eate r tes t, he would give one w ord o f w arning. T h a t 
p a rticu la r te s t  h ad  given excellent results, b u t to  his m ind  th a t  p rac tica l perform ance 
te s t w as an  adm ission o f fau lt. I t  m ean t th a t  one did n o t know  w h a t one w anted 
to  do w hen one did n o t know  w h a t w as causing trouble . T h a t w as an  adm ission of 
fau lt, an d  if  their A m erican friends could be persuaded to  forget th a t  ap para tus 
altoge ther an d  begin again, a  sa tisfac to ry  te s t m igh t be obtained.

Mb. P . K e r r  th o u g h t th a t  th e  paper h ad  done o th er Panels m uch  good, since it 
showed th a t  all h ad  th e ir own difficulties to  overcom e. H e took  i t  th a t  th e  articles 
were som etim es electrified an d  th a t  differences in  ra tes  o f se ttlem en t m igh t therefore 
be an tic ipated .

Db. B boom said he th o u g h t some ty p es o f p o ten tia l sedim ent were electrically 
charged, b u t  no w ork had  y e t been carried o u t on those lines. I t  d id  seem th a t  the 
density  and  viscosity  of th e  oil h ad  quite  a  lo t to  do w ith  th e  ra te  a t  which the 
particles se ttled . I t  had , of course, been very  difficult to  w ork  on problem s of this 
k ind, and  his own feeling was th a t  th ey  h ad  n o t y e t go t th e ir te e th  properly  into 
th e  problem .

L t .-Col . H . F . J ones said th a t  th e  surprise to  h im  w as n o t th e  occasional dis
crepancy, b u t th e  considerable agreem ent in  th e  resu lts  ob tained  b y  th e  Panel.

Assum ing a  te s t w as w anted , one should in troduce a  reasonab ly  sound m ethod, 
and  th en  people would tak e  in te res t and  see to  i t  th a t  a  good te s t  was forthcoming. 
T he U.S. N avy  h ea ter te s t in  accelerating w ork on th is  sub jec t h ad  done m uch to 
ju stify  itself. H e th o u g h t th e  a u th o r’s feelings th a t  i t  m ig h t tak e  years to  co-ordinate 
th e  h ea ter te s t  ap p ara tu s  resu lts w ith  ac tu a l resu lts  in  p ractice  w as perhaps a little 
pessim istic. Surely no  one expected  ex ac t correlation. I f  th e  m ethod  employed 
would ra te  m ost fuel oils in  th e  sam e order of failure or success as encountered in 
ac tu a l storage, th en  th e  m ethod  was w orth  fu rth e r consideration  w ith  a  view to  its 
being adop ted  as a  ten ta tiv e  s tan d ard  m ethod.

D b . B boom said th a t  th ey  were n o t try in g  to  ge t th e  te s t published as a  standard 
m ethod. W hen th e  Panel w as form ed th ey  h ad  been to ld  b y  th e  m ain  standardizing 
body  w h a t th ey  were to  investigate , an d  th a t  w as w h a t th e y  h a d  done.

Mb. A. R . Stark  asked w hether th e  use of copper p ip ing  could have any  effect on the 
reproducib ility  of results.

D r .  B boom replied th a t  he did n o t th in k  so. A certa in  experim en t which they 
h ad  carried o u t h ad  show n no effect, and  if  there  h ad  been a  ca ta ly tic  effect, the oil 
used would p robab ly  have given a  different result.

Me . J .  S. J ackson then  read the following paper :
“ The Problem  of Devising Tests for Soil S tabilization,” by  L. G. Gabriel, 

B.Sc. (Fellow). (See pp. 353-355.)

D ISC U SSIO N .
T h e P r esid en t  said th a t  th is  w as a new  ven tu re  on th e  p a r t  of th e  S tandardization 

C om m ittee, and  it  was ev iden t th a t  th e  Sub-C om m ittee concerned were dealing with 
a  v ery  difficult problem .

Mb . J aves asked w hether any  effort h ad  been m ade to  m ake w a ter absorption 
te s ts  on th e  spo t w ith o u t tak in g  th e  soil aw ay.

Mr . J .  S. J ackson said th is  would n o t be possible, as th e  trea te d  soil was invariably 
h ighly w a ter repellent. A ctually  no perceptib le absorp tion  o f w a ter w ould occur for 
some days. T he only hopeful procedure was to  w ithdraw  a  po rtio n  o f th e  com 
p acted  trea te d  soil w ith  th e  m inim um  am o u n t of d istu rbance, tr im  i t  roughly  into 
cylindrical form , an d  expose i t  to  w a ter in  th e  usual way.
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Mr . A. R . Stark  said th a t  he was surprised to find no word in th e  paper abou t 
the difficulties of sam pling the  m ateria l before m aking a laboratory  test. The m ateria l 
used for com paction testing  was n o t j u st a  spadeful of soil taken  a t  random  from  the  
field, b u t was g raded soil m aterial.

M r. J . S. J ackson replied th a t  th a t  was the  first essential, and  the  sub ject had  
been dealt w ith  in th e  R eport. The R eport poin ted  ou t th a t  the  area m ust be surveyed 
carefully to  de tect possible varia tions in th e  soil, and  th a t  each obvious type  of soil 
m ust be generously sam pled. The testing  should also be done on a generous scale. 
The norm al procedure was to  sieve o u t the  stone and  w ork on the  m ateria l retained 
on the BS7 sieve. I t  was, of course, th e  fine clay particles which absorbed m ost 
water. W hen he spoke o f soil he m eant ord inary  agricu ltu ra l soil. There was a 
certain am oun t o f confusion in th is  connection because the  word “  soil ”  covered 
everything from  boulders down to  clay. W hen Am ericans spoke of soil th ey  m ight 
be referring to  m ateria l which we in  B rita in  would call gravel or sand.

The following paper was then read by the author :
“ The Use of Liquid-in-Glass Thermometers,” by J . G. Durham. (See 

pp. 356-357.)

D ISC U SSIO N .
M r. J .  S. J ackson asked w hether some general indication could be given as regards 

the accuracy a tta in ab le  w ith  p a rtia l im m ersion therm om eters like the  Cleveland 
F lash-Point Therm om eter, which were used a t  very  sm all im m ersions and  a t  relatively  
high tem peratures. The Cleveland therm om eter I .P . 28W  h ad  an  im m ersion of only 
25 mm. and  the  tem pera tu re  range is 20-760° F ., and  stem  corrections were n o t 
applied in practice.

T h e Author said i t  could be sum m arized th a t  the  sm aller the  im m ersion, the 
lower th e  order of accuracy a tta inab le . F o r years therm om eters sim ilar to  the 
Cleveland h ad  been tested  a t  th e  N .P .L ., and  the  lim its o f accuracy of th e  te s t had 
been widened according to  th e  d ep th  of the  im m ersion. W ith  an  im m ersion o f under 
2 in., an  accuracy of b e tte r th a n  ±  2° F . could hard ly  be expected for therm om eters 
ranging up  to  760° F .

The sam e difficulty existed w ith  open-scale therm om eters, such as the  calorim etric 
type. W hen used a t  sm all imm ersions th e  results could seldom be relied on to  w ithin 
+  0-002° C. This accuracy, however, was a tta in ed  a t  to ta l imm ersion, or w ith a 
considerable d ep th  o f im m ersion, or when th e  tem perature  of the  exposed colum n 
differed only slightly  from  th a t  o f th e  bulb  tem perature.

Asked w hether, if  one desired fine readings, it  would be b e tte r  to  use a  solid-stem 
therm om eter o f th e  necessary length, or w hether a  B eckm ann therm om eter was p re 
ferable, the  Author replied th a t  during the  p ast tw en ty  years solid stem  calorim eter 
therm om eters h ad  continued to  gain popu larity  and  th e  B .S.I. had  draw n up speci
fications fd5- therm om eters of th is  type. There were also a num ber of solid-stem 
adjustable-range therm om eters in  use, including the  “  p ipette  ”  type. The la tte r  was 
easier to  set th a n  th e  B eckm ann p a tte rn , b u t all were subject to  errors such as were 
found in  o rd inary  therm om eters.

I t  was s ta te d  by  one speaker th a t  in oil m easurem ent one of the  difficulties w ith 
the ordinary  solid-stem  therm om eter was th a t  the  b lack m arking disappeared, b u t 
th is m ight be overcome b y  using th e  enclosed-scale ty p e  of therm om eter. W hat 
disadvantage, if  any, was there  in  using th a t  ty p e  of appara tus a p a rt from the  fact 
th a t  i t  was fragile ?

T h e Author  replied th a t  w ith a good therm om eter there  was no disadvantage, 
b u t condensation inside th e  sheath  m ight be a source of trouble. The m ain  th ing  
w ith an  enclosed scale was to  have a  datum -line engraved on the  sheath, so th a t 
allowance could be m ade for an y  m ovem ent of th e  scale. Regarding the p a in t used 
in th e  divisions of solid stem  therm om eters, there  was one kind of filling which could 
be regarded as perm anent—nam ely, silicon ester m ixed w ith Ilm enite  black. The 
technique o f m ixing and  preparing the p a in t and  applying it  was quite simple, and 
the  m akers would supply sm all quantities.
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THE ENGINE TESTING OF H.D. OILS.
By H e a v y  D u t y  E n g i n e  O i l  P a n e l  o f  S t a n d a r d i z a t i o n  

S u b - C o m m i t t e e  5 — E n g i n e  T e s t s .

L a b o r a t o r y  a n d  E n g i n e  T e s t s  o f  L u b r i c a t i n g  O i l s .

I t is generally agreed th a t the performance of engine lubricants can he 
assessed only by actual engine tests. The physical and chemical pro
perties of a lubricating oil are valuable for identification purposes, but, 
excepting viscosity, these properties give little  direct inform ation as to its 
performance in an internal-com bustion engine. I t  has therefore become 
custom ary to  subm it lubricants to  engine tests, and m any papers have 
been published on th is subject during th e  last tw en ty  years.

The operator of internal-com bustion engines is obviously m ost interested 
in the behaviour of lubricants under service conditions, and ultimately 
commercial oils m ust be judged by their everyday performance. I t  is, 
however, not always possible or convenient to  te s t lubricants in actual 
service, and it  is naturally  desirable to  obtain as much information as 
possible regarding the performance of an oil before it is p u t into service. 
Consequently a great deal of oil testing has been done with test-bed engines 
which cover the range of types from essentially production units to  single
cylinder engines specially designed or modified for te s t purposes.

Type of Test Engine and Test Conditions.
A difference of opinion exists as to  th e  m ost desirable ty p e  of test unit. 

Some authorities favour the  use of production engines and others prefer 
to  employ specially adapted or single-cylinder units. I t  is probably fair 
to  say th a t the  use of the simplest possible un it on the te s t bed gives the 
best control of experim ental conditions, and hence yields th e  most con
sistent results w ith the smallest expenditure of tim e and money. On the 
other hand, it m ay be difficult or impossible with a single-cylinder unit to 
simulate successfully all the working conditions encountered in service, 
and some im portant factor affecting the  performance of the  lubricant may 
be om itted or overlooked. Against th e  use of m ulti-cylinder production 
engines for lubricant testing m ay be m entioned th e  difficulty of main
taining constant and controlled running conditions and the  expenditure 
of tim e and m aterial involved. U nder present circumstances it is not 
possible to  make a clear-cut decision between th e  use of the simplest test 
engine and the complete production un it for oil testing. As far as the 
oil producer is concerned, the  complete evaluation of his products generally 
involves all types of engines, from a single-cylinder unit, running under 
conditions adjusted to  take  care of the prevailing im portan t factors, to 
representative production engines working to  a standardized test pro
gramme on the bench, and followed eventually by observations of per
formance under actual or sim ulated service conditions.

Although it is plainly desirable th a t laboratory engine testing should be 
carried out in conditions such as to  yield results which will be a t least
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comparable with those obtained during service running, the laboratory 
test m ust inevitably be a more or less accelerated one, and this may make 
precise correlation unobtainable; it should be the aim, however, to  place 
oils in a correct order of merit, or, as a minimum requirement, effectively 
to sort out good from indifferent grades.

I t  might seem a t first sight to  be desirable or even necessary to  submit 
an oil to  test in every type of engine th a t it m ight be called upon to  
lubricate, or a t least to  verify its performance against th a t of proved 
lubricants in those engines known to operate under exacting conditions. 
Fortunately, however, engine testing and operating experience of the last 
few years has pointed to  one or two im portant conclusions which permit 
a considerable simplification of the testing scheme. In  the first place 
there are certain fairly well-defined factors associated with the lubricant 
in which difficulties may occur under severe du ty  service. Among these 
may be mentioned ring sticking and piston lacquering, bearing corrosion, 
and combustion-chamber deposits. A series of lubricating oils placed in 
order of m erit as regards, for example, resistance to  ring sticking in one 
type of engine will, in  general, retain  the same order when run in an angine 
of another similar design under conditions in which ring sticking will 
occur.

Although th is conclusion m ay need modification in detail, it opens up 
the possibility of developing standard and universal methods for rating 
the performance of lubricants for internal-combustion engines. For this 
purpose test units m ay be taken from production engines, each type of 
engine being selected to  examine one or more factors of lubricating-oil 
performance. The choice of engines will depend prim arily on the trends 
of their normal behaviour; for example, to  ra te  ring sticking, an engine 
must be selected which, a t least under overloaded and extreme conditions 
of duty, can be made readily to  stick rings. At the  same time, other 
points such as convenience in handling m ust be considered when the unit 
is selected.

The course of action outlined above has already been taken in the 
United States in connection with the rating of heavy du ty  crankcase 
lubricants for high-speed diesel engines.

Development of Oil Tests in  U .S .A .
The first engine test un it to  be widely used in the U.S.A. was the single- 

cylinder Caterpillar diesel of 5 |  in. bore and 8 in. stroke, which was specially 
designed for the  laboratory evaluation of lubricating oils in respect of ring 
sticking, liner wear and piston deposits. I t  first came into use about 1937 
because the Caterpillar Tractor Co. would not give their approval to  
branded motor oils unless they had passed the engine test. The piston 
and cylinder assembly is essentially as used in the production engine, but 
the general construction of the  un it is very rugged so as to  minimize the 
risk of involuntary mechanical failures which might interfere with the test 
routine. Moreover, the un it is so designed th a t it cah be dismantled in 
tw enty m inutes for inspection of the cylinder liner, piston and rings. As 
a test engine it has proved very satisfactory and 65 units are currently 
being operated in the S tates.1 For the assessment of the high-temperature 
stability and bearing corrosion properties of H.D. oils, the Caterpillar Co.
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also have a further te s t procedure utilizing their four-cylinder 4 J in. X 
5J in. diesel engine.

General Motors Corporation have also adopted the  policy of approving
H .D . oils on the basis of tests carried out in engines of the ir own design 
and m anufacture. One such te s t is made in  their Series 71 two-stroke 
diesel which has oil-cooled pistons and imposes severe dem ands on the oil 
in regard to  oxidation resistance and th e  prevention of carbon deposits 
under the  piston crowns. I t  will be noted th a t all the  tests so far men
tioned have been associated w ith diesel lubrication problems. General 
Motors have also given some encouragement to  the  use of H .D . oils for 
th e  lubrication of gasoline engines when they  are operated under severe 
conditions. In  th is connection they  introduced a thirty-six-hour accel
erated test, using th e  six-cylinder Chevrolet engine for resistance to  oxida
tion, bearing corrosion and piston lacquering.

All these American tests were originated by th e  engine manufacturers, 
although they  were readily accepted by th e  oil companies as the only 
means of developing acceptable H .D . oils. Owing to  its short duration, 
th e  Chevrolet te s t has been widely used and seventy-four engines are at 
present being operated in th e  S tates.1 This particular te s t was th e  subject 
of the  first a ttem p t by the  A.S.T.M. to  standardize an engine te s t pro
cedure.2 The proposed te st m ethod has since been modified in detail and 
is still under review w ith th e  object of improving reproducibility.3

In  1941, the U.S. Arm y Motorized Ground Forces standardized the use 
of H .D . oils, and, under the  Allied pooling arrangem ents, th is policy was 
extended in 1942 to  include British m ilitary equipm ent. Since th a t time 
A rm y-N avy H.D. oils have been subject to  the  following qualification tests 
laid down by th e  Co-ordinating Research Council in New York.4

L -l, 480-hour endurance tests in one-cylinder Caterpillar diesel for 
ring sticking, liner wear and piston deposits.

L-2, accelerated run  in and high load te s t of about th ree hours, using 
above engine w ith special modifications to  check th e  ability  of the 
lubricant to  prevent scuffing under these conditions.

L-3, 120-hour high-tem perature oil-stability and bearing corrosion 
te s t on Caterpillar four-cylinder 37 b.h.p. Caterpillar diesel unit.

L-4, 36-hour accelerated tes t in Chevrolet six-cylinder petrol engine 
for resistance to  oxidation, bearing corrosion and piston lacquering.

L-5, 500-hour full load tes t in General Motors Series 71 m ulti cylinder 
tw o-stroke diesel engine.

H .D . O i l s  P a n e l  o f  I n s t i t u t e  o f  P e t r o l e u m .

The Standardization Committee of th e  In s titu te  of Petroleum  decided 
early in 1944 to  consider the  adoption of engine tests for lubricants, and 
th e  H .D . Engine Oil Panel was set up in April, 1944, under th e  aegis of 
Sub-Committee No. 5, which deals w ith the engine and mechanical testing 
of oil products.

In  the  first place membership of th e  Panel was confined to  representa
tives of laboratories equipped to  carry out engine tests on lubricants, to 
departm ents of Ministries concerned with the  supply and use of engine
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oils, including the Admiralty, the W ar Office, the M inistry of Aircraft 
Production and the Ministry of Supply, and to  the  London Passenger 
Transport Board, representing the commercial user of oils on a large 
scale with facilities for service testing under conditions of close observation.

The Panel decided th a t it  was desirable to  obtain some direct experience 
of the U.S. te s t engines and methods using oils of normal and heavy duty  
types, and also to  explore the possibility of developing a suitable test or 
tests based on a mechanically convenient British engine, even though this 
unit had to  be run  under conditions more severe th an  those obtained in 
service.

Three laboratories are a t present co-operating in the Panel’s programme. 
Each laboratory has obtained the Caterpillar single-cylinder engine required 
for the L -l and L-2 tests; Chevrolet engines have been received, or are in 
transit, for the  L-4 te s t; and two GM-71 engines are available and can be 
adapted for the L-5 test. There is no immediate prospect of obtaining 
the four-cylinder Caterpillar engine required for the L-3 test.

The choice of British single-cylinder diesel engines of a convenient type 
for test use was very limited, and was finally made in favour of the Crossley
B.V. four-stroke Ricardo Mark I I  type unit. In  this connection it should be 
remarked th a t there is no evidence to  show th a t this engine suffers in 
normal use from ring sticking, and the preliminary runs made show th a t 
exceptionally severe running conditions will be required to  enable oil 
ratings to  be obtained in reasonably short runs.

I t  is also intended to  extend the work to  include a two-stroke design of 
diesel engine of the Kadenacy type.

The behaviour of lubricants can be appreciably modified by the type 
of fuel used, whether in a diesel or a gasoline engine, and, to  eliminate 
variations due to  th is cause, a sufficient stock of both a high-speed diesel 
fuel and a suitable gasoline have been allocated for the first part of the 
programme.

Two lubricating oils have been selected, one a standard type of Admiralty
I.C. engine oil of S.A.E. 30 grade w ithout additives, and the other a U.S.
II.1). type which has been approved for both Army and N avy use, and 
which is known to  be a single product, and not a m ixture of two or more 
approved blends from different sources. Prelim inary tests are concerned 
with determining the  differences between these two oils by the several 
test methods, and with the development of test technique in the  British 
engines which show whether significant differences exist under severe 
conditions of duty.

W ork has been proceeding a t the Anglo-Iranian Oil Co.’s laboratory a t 
Sunbury for some months on th e  L -l test on the Caterpillar engine.

The first tests were to  L -l procedure, except th a t the engine was shut 
down each night and not run during week-ends, but the engine has now 
been fitted with a fully autom atic control system and is operated continu
ously under specified conditions, w ithout need for attendance, except for 
the purpose of taking an occasional fuel-consumption or other necessary 
reading. A new liner, piston and rings are fitted for each 480-hour run, 
and the extremely good finish and also the  accurate dimensional checks of 
the parts are commendable.

Development of the Crossley engine test has been started  a t the
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Shell Lubricating Oil L aboratory a t Thornton, bu t, so far, satisfactory 
engine conditions have not yet been established, and a suitable method 
for rating piston cleanliness is still in a sta te  of evolution. Various minor 
modifications have been made to  adap t th e  engine for oil testing, including 
fitting th e  hollow crankpin w ith an aluminium alloy plug to  prevent sludge 
deposition; increasing th e  area for w ater flow between jacket and cylinder- 
head ; replacing the cooling rad iator w ith an  evaporative type  of cooler; 
elim inating th e  oil cooler; m aking provision for a controlled heating of 
th e  inlet a i r ; fitting an oil heater and adding suitable therm om eters, etc. 
So far the  tests have been made using the working parts  originally supplied 
w ith the  engines and in term itten t runs of ninety-six hours’ to ta l duration 
have not usually resulted in sticking piston rings, although th e  H.D. oil 
shows less piston skirt lacquer and heavier top  land deposits th an  the 
norm al oil.

I t  is too early to  draw  any conclusions from th is work, and no attem pt 
has so far been m ade to  use lead bronze for th e  connecting-rod bearing 
for th e  purpose of determ ining corrosion effects.

S p e c i a l  R e q u i r e m e n t s  o f  T e s t  E n g i n e s .

Consideration of other oil te s t engines, and  of examples of lack of 
reproducibility of results, has led to  a survey of requirem ents for this class 
of work, and it is doubtful whether any engine can be used in its com
mercial form w ithout modification.

Among the special requirem ents m ay be m entioned accurate and very 
close machining limits for cylinder liners, pistons and ring grooves and 
piston rings, and also for the connecting-rod and m ain bearing bushes and 
journals. A surface finish should be given in th e  specification of each 
part, together w ith a sufficient description of the  actual machining opera
tion and tool to  be used. This is particularly  im portan t for th e  liner, 
piston and rings. I t  is recognized th a t  differences of relatively large 
am ount m ay not be open to  criticism in service, b u t since th e  object of an 
oil te s t is to  give a result which is as reproducible as possible in other 
similar te s t engines, norm al production variations are too great to  be 
tolerated. The surface finish of an alum inium  piston, for example, can 
be appreciably affected by th e  feed of th e  diamond tool used for the 
finishing operation, a feed increase (cuts per inch) of 50 per cent, resulting 
in a reduction of depth of finishing cut by about th e  same am ount. Thus, 
a  fine feed reduces the  carrying capacity of th e  piston skirt for oil a t the 
same tim e as increasing the num ber of high circum ferential ridges on the 
surface. In  practice, the  combined effect of these variations m ay be 
negligible; on the  other hand, some of the  well-known differences between 
engines of th e  same make and type in relation to  oil consum ption m ay be 
associated w ith them . Piston ring finish is also im portant, good ring 
bedding in th e  grooves being essential if reproducible consumptions and 
sticking tim es are to  be secured. The cylinder bore needs to  be con
sistent, and th is involves the  use of a  new liner for each test, and also a 
very good finish to  get the  m axim um  reproducibility. H igh liner finish 
is not, however, consistent w ith easy running-in, and it is probably neces
sary to  use a fine-turned top  pressure ring to  get an early stable condition
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of ring operation, or to  roughen an initially high finish liner surface in a 
methodical and reproducible manner.

In  addition to  the specification of surface finish upon the more im portant 
of the engine parts, it is realized th a t m aterial composition and micro
structure should be both controlled and specified, this especially in the 
case of cylinder liners and piston rings. Break-in and wear-rate charac
teristics are greatly influenced by these two properties, of which micro
structure m ay be considered as being the most vital criterion, as it repre
sents the final link between m aterial specification and wear performance 
in the case of such cast-iron parts.

Oil control is also im portant, and this involves repeated attention to  
the tru th  of the crankpin and the connecting-rod bearing ; the best results 
are likely to  be obtained by the adoption of hardened crankpins made to 
very close limits, w ith lapping between tests to  m aintain consistency. 
The use of hardened crankpins m ay also be necessary to  allow lead bronze 
bearing metals to  be used for bearing corrosion tests.

Close atten tion  is necessary in respect of the physical characteristics of 
piston rings. Upon these depend the ability of the rings to  control 
blow-by and top-of-bore lubrication conditions. In  addition to  close con
trol of the  normal dimensional checks on these parts, the  question of 
pressure exerted against the cylinder walls—both as an average figure 
and also w ith regard to  its qualitative distribution around the periphery— 
will need specification.

For reasons such as the  above the Crossley engines are being modified 
to include cylindrical turned pistons of specified surface finish, including 
standardization of the feed ra te  for the final diamond turning operation; 
the crankpins are being ground, and hardened pins will be used as soon as 
manufacturing conditions perm it; the water spaces between the  cylinder 
jacket and head are being opened out and an extra flow pipe fitted to  give 
adequate flow when evaporative cooling is used, should this be needed to  
obtain sufficient severity of te s t; the oil pump normally fitted is being 
replaced by a gear pump driven independently, and the oil feed to  the 
rocker gear and timing system is being controlled; the  cooling system is 
being modified, so th a t either pump-circulated or evaporative cooling can 
be used; the  crankcase breather valve is being deleted and an oil baffle 
fitted, so th a t piston blow-by can be measured without loss of o il; an oil 
heater is to  be fitted under the  crankcase to  give oil tem perature control 
w ithout the use of a local hot-spot, such as is liable to  occur when an 
immersion-type heater is used.

These and other details and the actual test procedure require the closest 
attention if a satisfactory oil test procedure is to  be developed, and when 
everything possible has been done the interpretation of the results still 
depends very much on the experience of the operator in this class of work.

R o a d  T e s t s .

Large users, such as the London Passenger Transport Board, have in 
the past relied upon service tests to  determine the suitability of new or 
modified grades, or to  approve alternative sources of supplies of their 
standard grades. In  August, 1944, the L.P.T.B. commenced a  compre
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hensive te s t w ith H .D . 30 oil, engines in a to ta l of about 140 vehicles a t 
two garages being involved. The salient results of th is tes t would doubt
less have become available to  the  Panel in due course, b u t it  was felt th a t 
i t  would be of much greater value if comparable service d a ta  could be 
obtained in respect of the two reference oils, which, as already mentioned, 
have been selected for use in th e  development of the laboratory engine 
tests. I t  has been possible to  obtain th e  co-operation of th e  L.P.T.B. in 
th is project, and service tests were commenced in Jan u ary  of th is year; 
it will, of course, be some tim e before they  are completed.

Two groups of twelve newly overhauled direct-injection type, high-speed 
oil engines of A.E.C. m anufacture are involved. To minimize risk of 
inadvertently  using th e  wrong grade of oil for topping-up, the engines 
are segregated a t two garages, selected as being comparable in respect of 
character of routes operated. One group of engines is being lubricated 
w ith th e  S.A.E. 30 oil and th e  other w ith the  H .D . 30 oil. The Board’s 
standard  grade of C.I. engine lubricating oil was employed during bench 
testing of the  engines im m ediately following overhaul, bu t in accordance 
w ith the norm al practice the  engines were drained before despatch, and, 
upon being fitted into buses a t th e  respective garages, were first filled 
w ith either the  plain or H .D. oil ; oil-filler caps and the nearside of engine 
casings were distinctively marked. Engine bases are being drained and 
refilled after each 12,000 miles in service. Samples representing the cir
culatory oil are being taken  im m ediately prior to  each oil change and also 
a t  interm ediate 6000-mile periods. The engines will be subjected to 
detailed exam ination a t the completion of their service life.

In  conclusion it should be emphasized th a t  th e  technique of engine 
testing of lubricants is still in a ten ta tive  form. Only recently has the 
im portance of precision in detail been recognized for laboratory  tests to 
be repeatable; not only m ust the  te s t units themselves be very closely 
duplicated, bu t the cleaning procedure, m aintenance, break-in run con
ditions, etc., standardized w ith the  greatest care.

Numerical methods of rating the  oils have been suggested and deserve 
further attention , but, a t present, the  rating m ust depend to  some extent 
on a carefully balanced judgm ent of m any factors, some in  favour and 
some adverse to  a given sample.

From  the point of view of the  user the value of an H .D . oil depends on 
w hether the  product gives a definite over-all im provem ent in engine 
economy in term s of to ta l m aintenance costs over the  full life of the unit.

The ultim ate aim of the  Panel is to  provide data  from laboratory engine 
tests to  enable a forecast to  be made of probable oil behaviour in any 
engine in respect of each im portant factor affected by th e  lubricant.
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THE INSTITUTE OF PETROLEUM.
A m e e t in g  of the  In stitu te  of Petroleum  was held a t Manson House, 

26 Portland Place, London, W. 1, on W ednesday, June 13, 1945, the  Chair 
being taken by the  President, P r o f e s s o r  P. H . G a r n e r .

The following paper was then  read by Mr. C. H . B arton : “ Engine 
Testing of H eavy-D uty Oils.” (See pp. 362-368.)

D ISC U SSIO N .
T he P resid en t  said th a t ,  as Mr. B a rto n  h a d  em phasized, th is  was a n  in terim  report. 

The Panel h ad  been particu la rly  fo rtu n a te  in  hav ing  th e  co-operation of th e  London 
Passenger T ran sp o rt B oard , as th e  B oard  h ad  a lm ost unique facilities for carrying 
ou t te s ts  of the  k ind  which were m ost im p o rtan t in  th is  ty p e  of w ork—nam ely, full- 
scale p ractical tes ts . Mr. B arto n  h ad  m entioned th e  question o f th e  in te rp re ta tio n  of 
the results ac tually  ob tained  in  th e  engine. I t  was qu ite  understandab le  th a t  a t  the  
present stage th e  C om m ittee could n o t m ake an y  definite s ta tem en t in  th a t  respect, 
b u t some reference m igh t be m ade to  th e  m ethods used in  A m erica in  th e  series of 
caterpillar engine tes ts . In  connection w ith  these engine te s ts , one was alw ays stru ck  
by the po in t th a t  i t  was e ither possible to  standard ize  th e  engine to  a  g rea t degree of 
precision, or th e  engine could be ca lib ra ted  w ith  reference oils. I n  th e  la t te r  case 
there m u st be available a  reference oil whose perform ance w as based on road  tests . 
In  the  form er case th e  engine h ad  to  be so carefully  finished as regards clearances, etc ., 
in order to  ob tain  reproducible resu lts , th a t  i t  was no longer th e  sam e as th a t  supplied 
by the m an u factu rer to  th e  user.

He would be g lad if  Mr. B arto n  could give th e  reason w hy th e  Panel h ad  adopted  
the K adenacy engine as p a r t  of i ts  tes tin g  equipm ent.

They would all look forw ard to  having a  fu rth e r paper when th e  work h ad  m ade 
more progress.

Mr . C. S. W in d eba n k  said  he would like to  m ake a  few com m ents on behalf of 
Sub-Com m ittee No. 5 on th e  w ay in  w hich th is  work had  come abou t, because th a t  had  
a d istinc t bearing on th e  m anner in  which i t  was being carried out. H eavy  d u ty  oil 
was essentially  an  A m erican developm ent, and  th e  w ay in  which it  h ad  been developed 
in Am erica was well know n to  m ost of those  p resent. I t  comm enced w ith  th e  p roduc
tion  of a num ber of diesel engines which were h ighly sa tisfactory  in operation, b u t which 
called for frequen t top  overhauls owing to  rap id  deterio ration  of th e  lubrican t. Conse
quently, th e  oil com panies developed a  class of lu b rican ts which were given th e  nam e 
“  H eavy D u ty  Oils ”  which p e rm itte d  operation of th e  engines for extended periods 
between overhauls.

In  th is  cou n try  we were tack ling  th e  job from  th e  opposite direction. W e h ad  avail
able to  us heavy  d u ty  oils, or, as th ey  were som etim es called, “ All-purpose lu b ri
can ts,”  an d  these oils were con tinually  m odified and  im proved. On the  o ther hand , 
m ost of th e  diesel engines available in  th e  U .K . were know n to  operate quite  sa tis 
factorily  on s tra ig h t m ineral oils, a lthough  these engines m ight be expected to  operate 
still m ore sa tisfactorily  on heavy  d u ty  lubrican ts. I t  was hoped th a t  B ritish  engine- 
builders would soon tak e  full advan tage  of heavy d u ty  lubrican ts, and  it  was therefore 
considered tim ely  to  provide ourselves w ith  m ethods o f te s t for assessing th e ir value 
in  B ritish  equipm ent.

The fac t th a t  p resen t B ritish  diesel engines were designed for operation  on stra ig h t 
m ineral oils p resen ted  th e  first difficulty which th e  heavy  d u ty  oils Panel h ad  come up 
against, for th ey  could n o t get hold of a  B ritish  engine which was suitable for the  test. 
Consequently, th ey  h ad  h ad  to  tak e  an  engine which did n o t really  require a heavy 
d u ty  lu b rican t, and  increase i ts  sensitiv ity  by  exaggerating th e  conditions o f operation. 
This, he added, was open to  criticism , b u t there  was little  else to  be done. I t  was
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considered desirable to  accum ula te  experience a t  th is  stage w hich w ould s ta n d  us in 
good stead  a  y ear or tw o la te r.

P erh ap s an  apology was necessary  for having p resen ted  th is  pap er in  its  p resen t form, 
in th a t  i t  con ta ined  so l ittle  in  th e  n a tu re  of p rac tica l d a ta . W hen  th e  program m e of 
papers for p resen ta tio n  a t  th e  p resen t session was originally  fo rm ula ted , i t  was hoped 
th a t  there  would be engine d a ta  available  by  th is  tim e, b u t  developm ent was necessarily 
slow in  these  days owing to  delays in  delivery  o f equ ipm en t an d  in  a llocation  o f labour, 
an d  th ere  was, in  fact, only  a  negligible a m o u n t of engine d a ta  available. In  conse
quence, th e  P anel responsible for th e  pap er h ad  som e m isgivings in  p resen ting  it, but 
i t  was considered th a t  in  sp ite  o f th e  a forem entioned criticism  i t  m igh t usefully be 
read  in  i ts  p resen t form , if  only because i t  w as hoped th a t  i t  would prom ote some 
in te res ting  discussion.

T he P an e l w as necessarily  re stric ted  as to  th e  nu m b er o f people w orking on it, and 
a t  th e  m om ent i ts  com position consisted  of th e  rep resen ta tives of laboratories operating 
te s t  engines and  rep resen tatives o f th e  services, th e  In s ti tu tio n  o f A utom obile Engineers 
an d  th e  L ondon Passenger T ran sp o rt B oard. B u t th ere  were m an y  o thers interested 
in  th e  general problem , an d  th e  P an e l was hopeful th a t  som e of these  people would 
m ake constructive  com m ents a t  a  tim e  w hen som e benefit could be derived from  them. 
In  a  few years tim e  these  com m ents m ig h t n o t be ve ry  useful, or a t  least n o t so useful 
a s th ey  w ould be to -day .

H e him self h a d  been accused o f being u n d u ly  pessim istic  on th e  question  of engine 
te s ts , b u t  he  w ould like to  em phasize th a t  i t  w as a  v e ry  difficult sub ject, and this 
p ap er would be justified  if  i t  im pressed on som e o f th e  m ore hopeful people who were 
aw aiting  th e  resu lts  o f th e  ac tiv ities o f th e  Panel som e of th e  difficulties which had to 
be overcom e. As Mr. B a rto n  h ad  po in ted  ou t, th e  A m ericans h ad  th e  benefit of some 
six or seven years experience in  th e  engine-testing  of heav y  d u ty  oils, b u t  i t  was only 
to -d ay  th a t  th ey  were com ing across some of th e  snags. T here h a d  been some very 
good p ap ers p resen ted  recen tly  in  A m erica, one in  p a rticu la r  being  th a t  by  Messrs. 
D onaldson and  Sands, which w as read  before th e  A.S.T.M . la s t a u tu m n . In  th is the 
au th o rs  show ed th e  ex trem e im portance o f h ith e rto  uncon tro lled  engine factors, such 
as, for instance, th e  ty p e  of w a ter used  in  th e  cooling jack et in  th e  L A  oxidation test, 
which h ad  been show n to  m ake very  d is tin c t differences in  regard  to  getting  com
p ara tiv e  resu lts  betw een laboratories. Fuel also h ad  been p roved  to  p lay  a very 
im p o rtan t p a r t.  H e  h ad  recen tly  received a  com m unication  from  E sso Laboratories, 
B ayw ay, again  concerning th e  L .4 ox idation  te s t, which d em o n stra ted  th e  difficulty of 
ge ttin g  com parative  ra tin g s even w ith  th e  sam e in sta lla tio n , if  th e  fuel were changed 
during  th e  period of th e  te s ts . W ork h a d  ind ica ted  th a t  changes in  fuel (within the 
specification lim its) could be responsible for m anifold  varia tio n s in  bearing  weight loss 
in  th is  tes t.

In  concluding he said th a t  he would avoid ending on a  pessim istic  no te  b y  repeating 
his req u est for com m ents from  people outside th e  P anel, for th e  P anel really  wanted 
th e  advice of all those  in te res ted  in  th is  problem .

Mb . R . St a n siteld , rem ark ing  th a t  Mr. W indebank  h ad  ended  up  on a  pessimistic 
no te , said he  would like to  carry  th e  m a tte r  a little  fa rther.

Some years ago th e  m ain  p o in ts to  be exam ined a fte r  an  engine te s t  of a  lubricating 
oil were com bustion-cham ber deposits, ring sticking an d  ty p e  o f ring  groove carbon, 
p iston -sk irt sludge an d  crank-case sludge.

D evelopm ents in  th e  refining an d  blending o f oils an d  changes in  engine materials 
and  running  conditions h ad  com bined to  a lte r  or m odify  th e  requ irem en ts o f such tests, 
and  i t  was im p o rta n t to  bear th is  in  m ind  w hen determ in ing  a  su itab le  technique for 
heavy  d u ty  lubrican ts .

B roadly , th e  earlier p e tro l an d  diesel engines an d  th e  lu b rican ts  th en  available 
tended  to  give re la tive ly  heav y  carbon deposits of various consistencies, and  ring 
stick ing  and  p iston -sk irt sludging when th e  ru nn ing  conditions were extrem e, with 
crankcase sludge which becam e troublesom e w ith  reduced operating  tem pera tu res a t 
low loads.

As perform ance im proved, w ith  rise of m .e.p. an d  runn ing  speed, th e  h ea t to  be 
carried  aw ay th ro u g h  th e  p iston  an d  ring  be lt and  th e  tem p era tu re  of th e  lubricant 
increased, and  i t  becam e necessary  in  some cases to  ad o p t new  bearing  m ateria ls to 
im prove load-carry ing capacity , an d  th en  to  use oils which did n o t lead  to  corrosion of
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th e  m ore sensitive bearing alloys. P iston-ring  sticking tended  to  become m ore 
serious, while com bustion-cham ber deposits were generally sm aller in  bulk  an d  harder.

C ertain o f th e  larger m edium -speed diesel engines reached a  stage o f developm ent in 
service a t  which norm al oils no longer sufficed to  keep p iston  rings free for sa tisfac tory  
periods, and  th e  sm aller h ig h -o u tp u t diesel engines, and  petro l engines running  for long 
distances a t  high speed, also suffered from  bearing corrosion and  piston  lacquer troubles, 
w ith some p iston-ring  sticking.

H eavy d u ty  oils were in troduced  to  m eet th e  exacting  requirem ents of these engines, 
and there h ad  been considerable im provem ents in  th e  effectiveness o f th e  oils during 
the few years th ey  have been in  use.

I t  was now  th e  exception for a  good heavy  d u ty  lu b rican t to  give e ither piston-ring  
sticking, appreciable p is ton -sk irt deposits, heavy  com bustion-cham ber deposits, or 
any bearing corrosion u nder m oderate  conditions o f use, an d  even when th e  d u ty  
reached w hat m ay  be term ed  ty p e-tes t runn ing  in  high-speed diesel and  pe tro l engines 
the new oils gave a  large m easure o f freedom  from  such troubles.

These considerations involved a lte ra tio n  in  a tt i tu d e  tow ards engine tes ts , and  i t  was 
no longer essential, or even necessarily  desirable, to  find conditions of te s t which should 
invariably resu lt in  ring sticking or bearing corrosion.

I f  engine te s ts  were developed for heavy  d u ty  oils against the  old background, which 
was largely considered in  term s o f to ta l  angle of s tu ck  p iston  rings, the  r u n n i n g  con
ditions needed to  be so severe th a t  th ey  bore no re la tion  a t  all to  th e  m ost arduous 
service du ty . Such severity  could well defeat th e  object of th e  tes ts , and  break  down 
oils which would never give trouble a t  reasonable heavy d u ty  loads and  speeds.

I t  was tru e  th a t  lab o ra to ry  requirem ents tended  tow ards th e  adoption  o f sho rt 
period ru n s for convenience an d  cheapness, and  th is, in  tu rn , involved th e  use of m ore 
extrem e te s t  conditions if  sufficiently obvious effects were to  be ob tained  in  th e  tim e 
available, b u t cau tion  m u st be exercised n o t so to  shorten  th e  te s t  th a t  i t  becam e a 
meaningless coking and  cooking of th e  lu b rican t in an  en tire ly  non-practical way.

In  his view, a  m odern  te s t  for engine lu b rican ts should be o f little  shorte r du ra tio n  
than  would suffice to  give definite ring  stick ing  in  a  m odem  h igh-du ty  engine run 
under th e  m o st severe service conditions on one o f th e  m edium  quality  norm al 
lubricants.

H eavy d u ty  oils and  an y  o thers should th en  be graded b y  com parison o f ring 
sticking, if  a n y ; lacquer deposits; sludge; com bustion  cham ber deposits; bearing 
corrosion, if  a n y ; cylinder an d  ring w e a r; deposits in th e  p o rts  of tw o-stroke eng ines; 
and oil consum ptions tak en  a t  regular in te rvals th ro u g h o u t th e  tests .

More th an  one ty p e  o f te s t an d  te s t  engine w as probably  necessary to  cover the  
entire range of high d u ty  engines, and  tes tin g  could be facilitated  by  the  adoption  of 
standard  reference oils of which one m igh t be th e  m inim um  requ irem ent for norm al 
engine grades, an d  one th e  m inim um for heavy  d u ty  grades.

Db. E . R . R edgbove speaking as one who for th e  p a s t fo rty  years h ad  been led to  
believe th a t  every  ill from  which an  engine or a  vehicle suffered was due entirely  to  
the  lubricating  oil, th o u g h t th a t  th e  question of engine te s ts  which was again coming 
to  th e  fore a f te r  several years of obscurity  due to  th e  W ar m u st be thoroughly  investi
gated  u n til a  definite conclusion w as reached. The w ork which th e  In s titu te  was now 
doing was a  valuable  con tribu tion  to  th e  problem , a  problem  which was o f g reatest 
in te rest to  b o th  suppliers and  users of lubricating  oils, n o t only in  th is  country , b u t 
th roughou t th e  world.

I t  m igh t be th a t  th e  engines p roduced in  th is  co u n try  did n o t require oils in  which 
additives h ad  been included. B u t considering th a t  all w ars g reatly  accelerate inventive 
genius, i t  is to  be expected  th a t  post-w ar models of in tem al-com bustion  engines—a p art 
from  th e  im m ediate post-w ar reproduction  of pre-w ar models— would require som e
th ing  very  d ifferent in  lu b rican ts from  w hat h ad  been know n up to  th e  present.

E v ery  su p p o rt should be given to  the  good w ork now being carried ou t by  th e  special 
panel of th e  In s ti tu te , from  which engine-builders, as well as suppliers and  users of 
lubrican ts , would benefit.

H e hoped  th a t  subsequent reports would show th a t  additives could be produced 
which would overcom e n o t only th e  inheren t fau lts  of some lubricating  oils, b u t also 
fau lts  or peculiarities which m igh t ex is t in  som e fuels, and  be a  con tribu tory  cause of 
th e  troub les which it  was desired to  overcome.
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Me. E . T hobnton  suggested th a t  oil tes tin g  should  envisage tes tin g  in  engines under 
service conditions, b u t added  th a t  w ith  th e  p e rfec t engine used  to -d ay , th is  m ight 
involve a  period of te n  years. Should heavy  d u ty  lu b rican ts  be used  w ith  new  engines 
o r w ith  engines w hich were n o t so p erfec t ?

Mb. J .  G. W ith ebs  expressed th e  view  th a t  th e  P an e l h ad  rig h tly  stressed  th e  great 
im portance  o f a  close check on d im ensional to lerances in  th e  engine used  for testing. 
E veryone would agree th a t  th e  clearance betw een th e  p is to n  ring  a n d  th e  groove was 
likely to  be a  v ery  im p o rta n t fac to r affecting th e  ring  sticking. A  10 pe r cent, to ler
ance on 2 -th o u san d th s of an  inch was tw o ten -th o u san d th s, which allowed only one 
ten -th o u sa n d th  on  e ith e r th e  p is to n  ring or i ts  groove, an d  w as fa r  from  commercial 
p ractice . Selective assem bly was th e  only  w ay. A no ther fac to r was w aviness of the 
ring  or groove. I f  th e  ring w as w avy i t  w as likely to  b ind  p a r tia lly  in  th e  groove and 
lead to  p rem a tu re  sticking. A lignm ent o f c ran k sh aft an d  cylinder w as also an 
im p o rta n t m a tte r  affecting ring  action.

A n a rg u m en t aga in st th e  use of very  sh o rt te s t  periods w as th a t  in  m an y  engines 
100 hours or m ore ru nn ing  w as requ ired  before a  s tead y  oil consum ption  was obtained. 
If , in  these cases, th e  te s t  period  was sh o rte r th a n  100 hours, th e  engine w as never really 
ru n  in. I t  w as im p o rta n t th a t  a  s tab le  oil consum ption  should  be m ain ta in ed  for the 
b u lk  o f th e  te s t  period.

L t .-Col . H . F . J ones , expressing his in te res t in  th e  rem arks of D r. Redgrove, said 
th a t  as one who h ad  been prim arily  in te res ted  for a b o u t tw e n ty  years in  fuels, he had 
found th a t  users accep ted  th e  lub ricating  oil recom m ended b y  th e ir  suppliers or the 
engine m aker, an d  th e rea fte r  th e  fuel w as consisten tly  b lam ed for an y  faults.

H e agreed th a t  s tan dard ized  m ethods of engine te s ts  for lu b rica tin g  oils would be 
all to  th e  good, b u t  he d id  n o t th in k  th ey  were a n  easy  job. T he question  of additives 
w as con tinually  cropping up  in  re la tion  to  heavy  d u ty  oils, a n d  in  evolving standardized 
m ethods for tes tin g  heavy  d u ty  lu b rican ts  i t  seem ed possible th a t  too  m an y  people 
were view ing i t  as a m ethod  of te s tin g  add itives, which becom e th e  chief topic rather 
th a n  th e  perform ance o f th e  finished p roduct. T he user, an d  th is  should  hold good for 
th e  m ilita ry  Services, should n o t be so in te res ted  in  add itives as in th e  resu lt obtained 
from  th e  finished lu b rican t, w hether or n o t i t  con ta ined  add itives. I t  should be on 
its  perform ance th a t  a n  oil is ra te d  as a  heav y  d u ty  oil, n o t on i ts  ad d itiv e  content.

Mb. E . A. E vans said  he w ondered if  th ey  a ll really  realized precisely  w h a t th e  work 
o f th e  Panel w as o u t to  achieve, an d  how  i t  w as achieving it. One th in g  which had 
come o u t v ery  forcibly indeed in  connection w ith  th is  p ap er was th e  extremely 
heroic w ork which w as being done n o t only by  th e  m em bers o f th e  Panels themselves, 
b u t  also th e  com panies w ith  which th ey  were connected. W hen m en o f th e  calibre of 
Mr. W indebank an d  Mr. Stansfield, whose experience an d  know ledge o f th e  subject 
d ifferen tia ted  th em  from  anyone else, spoke as th ey  h ad  done, i t  m u s t m ake others feel 
terrib ly  pessim istic as to  w h a t w ould have to  be faced in  reg ard  to  th e  tes tin g  of these 
h eav y  d u ty  oils. T hey  had  been to ld  th a t  liners h ad  to  be  tak e n  o u t an d  new ones 
fitted , th a t  for tes tin g  purposes th e  p is to n  rings h a d  to  have  a  c e rta in  surface finish, 
th a t  there  m u st be very  fine m easurem ents and  tolerances, an d  a  whole h o st of things, 
an d  i t  all m ade those who h ad  been accustom ed to  tes tin g  oils in  th e  p a s t shudder a t 
th e  v ery  th o u g h t o f th e  engineering background  w hich w as necessary  for th is  class of 
work. W here was a ll th is  going to  lead  ? D id  i t  m ean  th a t  all th e  com panies who 
were in te rested  in  lubricating  oils or who were in te res ted  in  heav y  d u ty  oils had to 
be equipped w ith  these  te s t  engines a n d  w ith  th e  h igh ly  skilled engineers to  do the 
w ork ? H e d id  n o t know, b u t  in  A m erica th e  large com panies h ad  been doing a  great 
deal o f work, and  he believed i t  was tru e  th a t  th e  A rm our In s t i tu te  w as now  adapting 
itse lf to  carry  o u t te s ts  for those  who w ished to  have  th em  done. I t  w as a  p ity  th a t 
in  th is  co u n try  we have no th in g  of a sim ilar c h a ra c te r ; b u t  p e rhaps we would. I t  was 
very  difficult to  know  precisely in  w h a t d irection  we should  look. T his w as th e  type 
of w ork which ind iv idual people could n o t do them selves. W h eth er th e  In s ti tu tio n  of 
A utom obile E ngineers R esearch O rganization  was th e  rig h t body  or n o t was a  m atte r  
for fu tu re  discussion, b u t  i t  m u st be ve ry  clear to  everybody  th a t  th is  was ve ry  academ ic 
w ork, an d  because of th a t  fa c t i t  w ould have to  be carried  o u t b y  som ebody.

Continuing, he  asked w hether i t  w as th e  in ten tio n  to  use  these  engines for appraise
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m en t o f th e  add itives them selves— obviously i t  m u st be to  some ex ten t— or was th is 
work to  be exclusively devoted, as Lt.-Col. Jones said, to  th e  finished article  ? W ere 
th ey  going to  t r y  to  persuade people to  supply  s tan d ard  fuels which would n o t affect 
th e  lub ricating  oil ? I t  was a  m a tte r  of very  serious im port, because we m igh t be faced 
w ith  v a s t changes in  fuels or we m ight be fru s tra te d  b y  th e  in troduction  of fuels which 
would n o t co-operate w ith  th e  lubrican t.

I t  seem ed to  him  th a t  m ost a tte n tio n  was being devoted  to  th e  tw o-stroke engine. 
Mr. B a rto n  m igh t say  th ey  were using a  Crossley, which was a  four-stroke engine. 
The Crossley m igh t be considered to  be a  poor choice as a  te s t  engine purely  on the  
grounds th a t  i t  d id  n o t give troub le  from  deposits in  norm al service. I t  would be a 
great help to  know  w hether heavy  d u ty  oils were particu la rly  su itable for th e  two- 
stroke engine an d  less su itab le  or n o t so requisite  for th e  four-stroke engine. W ere 
we going to  t r y  to  induce diesel-engine builders to  use heavy  d u ty  oils a t  th is  stage, 
or were we going to  w ait ju s t  a  l ittle  u n til we knew m ore ab o u t them  ? Lt.-Col. Jones 
m ight have sa id  a little  a b o u t th e ir  effect in th e  Services. H is own view was th a t  those 
people who w ished to  press th e  heavy  d u ty  oil a  l ittle  un tim ely  could s ta y  th e ir hand 
u n til th e  P anel h ad  done a  lit t le  m ore  w ork and  had  been able to  classify these things 
and  m ake th e ir  p roper recom m endations.

Mb . C. D. Soltz said he did n o t see the  necessity for using a  bad ly  worn engine 
to  sim ulate actu al operating  conditions. Oil te s t ra tings carried ou t under carefully 
controlled conditions should correlate if  th e  conditions have been chosen correctly.

The problem  as to  w hether th e  te s t should be short or long obviously involved 
engine reliability . Basically th e  aim  should be to  m ake the  te s t as short as possible 
and thus reduce th e  possibility  of engine variables influencing the  result.

The question as to  the  general policy governing the  developm ent of H .D . oils really  
depended on the  engine m anufacturer. W as he in tending to  m ake use of such p ro 
ducts by  designing h is engine to  run  for considerably longer periods or did he intend 
to increase th e  power o u tp u t by  redesigning and  th u s throw ing a g reater load on the 
oil in  term s of h ea t dissipation ? The te s t conditions required would obviously depend 
on the  general policy decided b y  th e  engine designer.

H e (Mr. Soltz) th o u g h t th a t  there  was no reason why some simple little  engine 
could n o t be developed for oil testing  in  a com paratively  short space of tim e. There 
was no difficulty in  th e  actu al design bu t, as in  th e  U nited  S ta tes during  th e  develop
m ent of the  C .F.R . fuel te s t engine, considerable exploration of th e  problem s for 
which th e  engine would be required would be necessary.

Db. W . E . J .  B eoom th o u g h t i t  a little  un fo rtu n ate  th a t  th e  t itle  of th e  Panel charged 
w ith  th e  ta sk  o f producing an  engine te s t  for lubricating  oils should have th e  te rm  
“ heavy d u ty  ”  tacked  on to  i t .  The problem , as he  saw it, was, th a t  th e  Panel had  
the  job of producing a n  engine te s t  for lubricating  oils. The problem  would have been 
ju s t th e  sam e in  1925, in  his view, w ith  th e  exception  th a t  th e  oils th ey  would then  
have h ad  to  deal w ith  would no t have been as good as th ey  were to -d a y ; ne ith e r would 
th e  engines. E ven  a t  th a t  tim e th ey  m igh t have found difficulty in  ob tain ing  an  engine 
which would give them  w ha t th ey  w anted . The problem  to -d ay  was m ore difficult, 
because the  oils were b e tte r, an d  so also were th e  engines. C onsequently, as had been 
said, i t  was necessary to  tak e  an  engine which, so fa r as was known, operated  sa tis
factorily  on good oils, an d  artificially  m ake its  conditions of operation  m ore severe. 
Therefore he fe lt i t  was u n fo rtu n a te  th a t  th e  em phasis h ad  been laid  on th e  heavy 
d u ty  side and  on additives, because th e  problem  should be sim ply one of testing  
lubricating  oils.

All th e  difficulties w ith  regard  to  engine p a rts , etc ., were obviously due to  th e  fact 
th a t  engines were n o t precise scientific instrum ents. Those who had  h ad  the  m is
fortune to  have h ad  to  t r y  some of these experim ents had, of course, soon found th a t 
ou t, and  those  who h ad  u n d ertaken  th is  difficult ta sk  were to  be th an k ed  for their 
efforts to  get a  s ta n d a rd  engine in order to  get reproducible results under bench type 
conditions. This was one angle on th e  problem . There was quite  a different a n g le ; 
to  ob ta in  resu lts  which were tran s la tab le  in to  service conditions. Some of them  had 
had  experience in  th e  p a s t where th e  short-tim e severe engine te s t could exaggerate the  
conditions and  produce a  d isto rted  p ictu re  of events which did n o t necessarily occur 
under road  conditions. As a  chem ist, he h im self was a little  pertu rbed  a t  the  large 
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am o u n t o f m oney th a t  would be necessary  for these  engine te s ts , because i t  seem ed to  
h im  th a t  an  engine te s t  w as used  sim ply  to  determ ine w hether an  oil w as good or bad, 
an d  it  im plied th a t  we need n o t w orry  v ery  m u ch  ab o u t w hy it  w as good or bad . B u t 
we should  n o t overlook th e  com parable chem ical research  th a t  should  go hand-in -hand  
w ith  these  engine te s ts  in  order to  te ll u s  m ore ab o u t th e  “  w hys ”  as well as the  
“  how s.”

F u rth e r, he  considered these  te s ts  were really  only  a  half-w ay house, because w h a t
ever th e  n a tu re  o f th e  te s t  on th e  engine in  th e  lab o ra to ry , we should  s till be up  against 
th e  p rac tica l te s t  on th e  road. T h a t was obviously well recognized b y  th e  Panel inas
m uch  as th ey  h a d  m anaged  to  get th e  co-operation  of th e  L ondon Passenger T ransport 
B oard  in  carry ing  o u t a c tu a l ro ad  tes ts .

F ina lly , he said  he w as pleased to  see one or tw o engine-builders p resen t, and  would 
like to  have  th e ir  views on th is  general question  of o il-testing. A p o in t which came to 
h is m ind  w as th a t  when th e  P anel h ad  done its  w ork an d  th e re  was a  s ta n d a rd  tes t 
procedure available, how  w ould th e  engine-builders as a  whole view  th e  procedure ? 
W ould th e y  expect those who were in te res ted  in  lub ricating  oils to  carry  o u t tes ts in 
each ind iv idual engine, or w ould th ey  be p rep ared  to  say  th a t  an  oil which gave a 
sa tis fac to ry  ra tin g  in  th e  I .P . te s t  would be good enough for th e ir  engines ?

D r . D . Clayton  said th ere  is a  Service in te res t in  th is  developm ent because, although 
ring  stick ing  (the p rim ary  reason for th e  in tro d u c tio n  o f heav y  d u ty  oils) is no t a 
troub le , im provem en t in  cleanliness o f certa in  classes of engines resu lts . Moreover, in 
ge ttin g  th e  m ost o u t o f engines in  th e  fu tu re , ad v an tag e  m u s t be  tak e n  of w hat im 
proved  m ate ria ls  th e  oil suppliers can  provide. H e  would n o t like, how ever, to  see in 
th is  coun try , as originally in  A m erica, th is  ty p e  o f oil used  m erely  to  cover up bad 
design.

W arn ing  h a d  been given a t  th e  m eeting  of th e  g re a t difficulties en ta iled  in  engine 
testing . Previously , however, he h ad  sensed a  delight on th e  p a r t  o f som e of the oil 
suppliers in  und ertak in g  engine te s ts , an d  a  discouraging criticism  o f anyone putting  
forw ard  a  lab o ra to ry  te s t— correlation  w as a lw ays requ ired  w ith  engine tests , even 
th ough  i t  is ap p are n t th a t  th ere  is in  fa c t no s ta n d a rd  o f engine behaviour.

H e d id  n o t disagree w ith  th e  need  for engine te s ts  a t  th e  p resen t ju n c tu re , b u t felt 
th a t  lab o ra to ry  tes ts , coupled w ith  a  background  o f general engine experience, had 
served well in th e  p a s t, and  th a t  encouragem ent should now  also be given to  th e  develop
m en t o f th e  special lab o ra to ry  te s ts  ev iden tly  necessary, in  paralle l w ith  th e  engine 
testing . In  th e  investigation  o f ring-sticking tendencies, bearing  corrosion, etc ., there 
should  be an  analysis o f th e  phenom ena so th a t  th e  fu n d am en ta l requ isite  conditions 
could be laid  dow n for th e  lab o ra to ry  te s ts . T he ind ica tions given b y  Mr. B arton  of 
th e  general constancy  of ra tin g  for ring  stick ing  in  d ifferent engines surely  implied 
th a t  there  was som e com m on factor.

Mr . A. T . W ilfo rd  said  he w ished to  su p p o rt w h a t h ad  been said  in  favour of sim pli
fication. T he position  of th e  user, an d  especially th e  large user, in  regard  to  these 
new er typ es of lub ricating  oils, w as going to  be v ery  difficult indeed. Presum ably 
some te s t  h ad  to  be carried o u t w ith  each p a rticu la r  m ake o f oil. T here w as no sug
gestion th a t  oils from  different sources of supply  would be id e n tic a l; indeed, we could 
be qu ite  certa in  th ey  would n o t be, and  th e  onus was p laced  on th e  user of testing  all 
these  oils before he could decide which he  w ould use. H e  was also faced w ith  having 
to  re -te st th e  oils from  tim e to  tu n e  during  th e  period  o f a  co n trac t. T h a t could be 
done effectively b y  service tes ts , b u t ve ry  careful p recau tions were requ ired  in  order to 
get conclusive results . F o r exam ple, w hen th e  L ondon Passenger T ran sp o rt Board 
changed from  a  conventional ty p e  of lub ricating  oil to  one o f th e  duo-sol type, i t  took 
th ree  years of controlled service tes tin g  to  p rove th e  la t te r  w o rth y  of adoption. B ut 
would i t  really  be feasible for an y  concern to  do th e  con tinual engine or service testing  
which would be necessary  to  estab lish , first, w hether a  p a rticu la r  oil was su itable , and, 
secondly, gu aran tee  th a t  th is  oil rem ained co n stan t during  th e  ru n  o f th e  con tract ? 
T h a t w as where some m ore sim ple te s t, as a lready  suggested, would be extrem ely 
valuable. Such a  te s t, w hether i t  were one em bodying th e  use o f a  single cylinder 
engine or one based upon  an  a rb itra ry  lab o ra to ry  rig, m u st be n e ith e r so expensive 
no r so tim e-absorb ing  as are th e  engine te s ts  a t  p resen t con tem plated . Investiga tions 
w ith  th e  view  o f developing a  te s t  of th is  ch arac te r would seem  well w o rth  while.



L t .-Col. J o nes referred  to  th e  suggestion th a t  m ore should be said w ith  regard  to  
results experienced by  th e  Services. H e rem inded those presen t th a t  th e  changeover 
had  to  be effected while cam paigns were being waged, and  there  were no  facilities or 
technical personnel to  carry  ou t an y  reliable technical s tu d y  in th e  field. The A m erican 
A rm y tr ia ls  had , however, show n advan tages from  th e  use of heavy  d u ty  oils. The 
opinion of B ritish  users ind ica ted  th a t  there  h ad  been little  noticeable advan tage  or 
disadvantage in  com parison w ith  th e  previous h igh-quality  W .D . engine oils, an d  th is 
appears to  have been endorsed b y  th e  few isolated  tria ls  on petrol-engined Service 
vehicles in  th is  country . H e  h ad  seen no rep o rts  on diesel engines, b u t h ad  heard  
their perform ance praised , which p robably  reflects cred it on heavy  d u ty  oil, especially 
if  backed by  A d m iralty  experience. The suscep tib ility  of some heavy  d u ty  oils to  
absorb w ater h a d  caused som e concern in  handling  and  packaging, b u t th is  h ad  been 
overcome w ith o u t d e trim en t to  th e  user.

He pointed  ou t th a t  changes in  th e  n a tu re  o f a n  oil, during  say  a  co n trac t period, 
are no t necessarily applicable only  to  heavy  d u ty  oils and, a p a r t  from  th e  influence of 
additives, i t  m igh t continue to  be difficult to  diagnose b y  sim ple te s t  w hether th e  new 
oil was th e  sam e as before.

Me. F . W e a t h e e h l , rem ark ing  th a t  reference h ad  been m ade to  th e  fa c t th a t  the  
production of a  heavy  d u ty  oil d id  n o t o f necessity  involve th e  use of additives, asked 
whether th e  use of an  add itive  was looked upon  as a  tem p o rary  m eans of solving a 
problem which would u ltim ate ly  be solved by  th e  refinery. H e also asked if  there  w as 
any p a rticu la r reason for choosing 12,000 miles as th e  period for th e  te s ts  described 
in the  paper.

Me. W . P ohl said th a t  w hilst Mr. W ilford did n o t say  so in  his com m ent upon  the  
need for a sim ple te s t  from  th e  u se r’s po in t of view, he believed he h ad  in  m ind  a  chem i
cal laboratory  te s t. I n  th a t  connection he p u t  in  a  plea on b ehalf o f th e  chem ist. I t  
was often th e  experience o f th e  chem ist, when a tte m p tin g  to  develop a  lab o rto ry  te s t  
to correlate w ith  engine perform ance, th a t  th e  engine perform ance varied  w ith  the  
num ber o f engine te s ts  an d  th e  chem ist was never able to  catch  up  w ith  th e  engineers 
rating. Therefore, in  em barking on th is  program m e, he suggested th a t  th e  first th ing  
to  do was to  ob ta in  a  repea tab le  engine te s t.

Ms. K . Ab t e b  rem arked th a t  em phasis h ad  rig h tly  been placed on th e  difficulty o f 
obtaining reproducible resu lts  in  these engine te s ts , and  there  was ra th e r  an  essential 
point of difference betw een th e  w ork done in  A m erica an d  th a t  done here. The 
Am erican engine te s ts  were orig inated  b y  th e  engine-builders, who were ra th e r  w orried 
by  certain  m echanized troub les, and  th ey  sought th e  co-operation of th e  oil com panies 
in overcoming them . I n  E ngland, however, there  d id  n o t appear to  be very  m uch 
in terest in  heavy  d u ty  oils because th e  m ajo rity  of engine people seemed to  be h appy  
w ith their existing ty p es o f s tra ig h t oils; consequently, th e  In s titu te  was having 
ra th e r a  h a rd  ta sk  in  try in g  to  a d ap t existing  com m ercial engine types for th e  purpose 
of testing. M oreover, w ith  all th e  pressure of w ar p roduction  i t  h ad  n o t been possible 
here to  ob ta in  th e  w holehearted  co-operation of engine builders. U nder norm al 
conditions, if  th is  ve ry  onerous w ork was proceeded w ith  an d  im proved oils were 
obtainable, no  d o u b t th e  engine-builders would, in  course of tim e, find them  v ery  
useful, and  such oils would enable them  to  im prove th e  efficiency o f th e ir  engines. 
Therefore, in  proceeding w ith  th is  w ork i t  was very  desirable th a t  th e  Panel should 
have th e  co-operation o f th e  engine-builders. Indeed, he believed th a t  w ithou t th a t  
co-operation i t  w ould never be possible to  establish  a  universal s tan d ard  tes t.

One o ther po in t. The A m erican C.R.C. te s ts  were essentially qualification te s ts— 
i.e., te s ts  carried  o u t on a  p a rticu la r b ran d  o f oil. Once th is  b rand  was approved, i t  
was n o t custom ary  to  rep ea t th e  te s ts  a t  frequen t in te rv a ls ; in fact, i t  would n o t be 
possible to  do so. H e h ad  been given to  und erstan d  th a t  th e  General M otors 500 
hours te s t, for exam ple, cost $18,000, and  he did n o t see an y  im m ediate prospect of 
establish ing  a  sim ple engine te s t  which could be applied a t  frequent in tervals for routine  
testing . This would need to  be a  fairly  long-term  pro ject.

Mb. P . W . L. Gossling , referring to  previous speakers’ views upon th e  desirability  
o f n o t neglecting th e  chem ical v iew point and  of developing labora to ry  tes ts , s ta te d
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th a t  u n til we h ad  stan d ard ized  engines an d  conditions of operation , th e re  was no th ing  
we could use as a  d a tu m  line. H e believed th a t  sa tis fac to ry  lab o ra to ry  te s ts  would 
be evolved, b u t  i t  would n o t be possible to  get v e ry  fa r u n til  we h a d  som ething w ith 
w hich  we could com pare them , a n d  th a t ,  in  his view, w as th e  value to  th e  chem ist, as 
a p a r t  from  th e  engineer, of th e  w ork  o f th e  Panel.

Mb. C. H . B akton , in  reply , sa id  th ere  were certa in  m a tte rs  which could  be dealt 
w ith  in  th e  u sua l w ay, such as w ear of cylinder liners, ring-groove deposits and  even 
estim a tin g  th e  e x te n t o f p iston-ring  sticking. T he d ifficulty  o f dealing w ith  such 
questions as th e  am o u n t of lacquer deposit on  th e  p isto n , or sludge in  th e  oil holes, etc., 
w as so g rea t th a t  in  A m erica th e  final assessm ent o f th e  C.R.C. te s ts  was done by 
th e  A rm our In s titu te . T he im p o rta n t p a r ts  o f th e  engine were inspected  afte r the 
te s t,  a n d  th e  R ep o rt b y  th e  In s t i tu te  decided w hether th e  oil h a d  passed  the  test 
or n o t.

T his b ro u g h t h im  to  th e  v e ry  im p o rta n t p o in t ra ised  by  Mr. E v an s as to  w hat was 
going to  hap p en  if  th e  In s t i tu te  o f Petro leum  p u t  fo rw ard  a  s ta n d a rd  engine test. 
H is own view  was th a t  th e  so lu tion  p ro b ab ly  w as to  have a  cen tra l tes tin g  body. 
T his o rgan ization  which w ould possess th e  necessary  engine equ ipm ent, would be in 
a  position  to  te s t  and  rep o rt as to  w hether oils satisfied th e  heav y  d u ty  sta n d a rd  or not.

A no ther question  b ro u g h t forw ard  b y  th e  P resid en t was w hy  th e  C om m ittee had 
selected  th e  K aden acy  ty p e  of engine. I t  was fe lt th a t  b o th  a  four-stroke and  a two- 
s troke  engine should  be included in th e  p rogram m e, an d  i t  seem ed to  th e  Panel that 
th e  K ad en acy  ty p e  w as one likely to  be w idely used.

As Lt.-Col. Jo n es h a d  said, th e  te rm  “  h eav y  d u ty  ”  d id  n o t necessarily  im ply the 
use of add itives. I f  a  refinery could produce an  oil w hich w ould com ply w ith the 
h eav y  d u ty  s ta n d a rd  i t  would be accep ted  as a  h eav y  d u ty  oil even if  i t  contained no 
special add itive. The aim  of th e  P an e l w as to  develop te s t  m ethods w hich distinguished 
betw een th e  heav y  d u ty  oils an d  those  which d id  n o t reach  th a t  s tan d ard . Of course, 
if  an  oil p roducer or refiner acquired  a  te s t  engine, he  could  ev a lu a te  an d  compare 
add itives an d  to  find th e  correc t p roportions to  b lend  w ith  h is p a rticu la r  oils.

The p o in t h ad  been ra ised  as to  w hether aero engines cam e in to  th e  picture. The 
P an e l early  decided th a t  in  order to  m ake effective progress i t  would be necessary to 
concen tra te  on one sub ject a t  a  tim e, an d  as heav y  d u ty  oils w ere p rim arily  developed 
for high-speed iiiesel engines, i t  w as b e tte r  to  co n cen tra te  on th is  su b ject, particularly 
as th e  original term s of reference of th e  P an e l were to  s tu d y  te s ts  for heavy  du ty  oils. 
H ow ever, th e  fac t h ad  n o t been lost sight of th a t  a t  som e tim e  th e  question  of evolving 
engine te s ts  for oils in tended  for o th er engines, including aero engines, would have to 
be considered. H e understood  th a t  w ork on developing s ta n d a rd  engine, tests for 
aero engine oils w as in  progress an d  th ere  w as a  rep resen ta tiv e  o f th e  M.A.P. on the 
Panel.

Mr. T h orn ton  h ad  ra ised  th e  im p o rta n t p o in t th a t  m an y  engines d id  n o t need heavy- 
d u ty  lu b rican ts and, conversely, th a t  such  a  lu b rican t m ig h t n o t a lw ays be satis
fac to ry  in an  engine which d id  n o t requ ire  it. I n  th e  first p lace, he  im agined th a t the 
average user of an  engine w ould n o t em ploy a  heav y  d u ty  oil unless he  th o u g h t i t  was 
n ecessa ry ; if  heavy  d u ty  oils were used  in  engines w hich d id  n o t requ ire  them , they 
would obviously show no ad v an tag e  over o th e r su itab le  oils, b u t  th e  question as to 
w hether th ey  could be inferior to  th e  la t te r  in  perform ance w ould be a  m a tte r  to be 
decided b y  th e  user in  consu lta tion  w ith  th e  oil supplier. In d ica tio n s so fa r were th a t 
an  engine’s requ irem ents as regards heav y  d u ty  oils d id  n o t depend  on its  age, b u t on 
i ts  w orking conditions.

The p o in t raised  by  D r. B room  w as one which h ad  n o t been answ ered b y  any  engine- 
builder, viz., w hether engine-builders would be p rep ared  to  accep t th e  In s ti tu te  of 
Petro leum  te s ts  w hen th e y  were developed. T h a t w as a  p o in t on  w hich  th e  panel 
hoped  to  ob ta in  th e  opinions a n d  advice o f th e  engine bu ilders b y  co-option o f their 
rep resen ta tives on to  th e  Panel.

H e, Mr. B arto n , could n o t answ er Mr. W ea therill’s question  as to  w hether additives 
were a  tem p o rary  phase. H e  believed i t  w as th e  opinion th a t  th e y  h a d  com e to  stay, 
a t  an y  ra te , for certa in  applications.

T he possib ility  of a  sm all te s t  engine was really  an  im p o rta n t question , and  it  was 
one which th e  P an e l h ad  c o n stan tly  in  m ind. T h a t was one o f th e  reasons w hy the 
Crossley was selected. I f  i t  were a  choice betw een a  large u n it, say  50-h.p. pe r cylinder,
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and  10-h.p. p er cylinder, th e  choice would be th e  10-h.p. on the  ground  of cost of 
running, sim plicity , etc.

In  A m erica reference oils were used to  standard ize  the  te s t  engines, and  he fe lt it 
was essential th a t  th e  In s t i tu te  of Petro leum  te s ts  should include the  use of reference 
oils so th a t  operato rs could check th e ir engines. A t th e  m om ent, the  oils which the  
Panel were using h ad  n o t been definitely adop ted  as reference o ils ; one of them  was a 
good quality , s tra ig h t engine oil and  th e  o ther w as a  heavy d u ty  oil. The Panol was 
first a ttem p tin g  to  w ork o u t conditions of running  which would d istinguish betw een the  
two oils.

On the  question of th e  fuel used, th e  A m erican specification h ad  been followed for 
the present p a r tly  because A m erican engines were being used. E v en tu a lly  fuels would 
be specified an d  stocks m ade available, an d  th u s  one variable would be elim inated 
between engines.

Mr. Evans h ad  asked w hether heavy  d u ty  oils were p a rticu la rly  necessary for two- 
stroke . engines as against four-stroke engines. T h a t was a  p o in t upon which he 
personally had  no views, b u t i t  was m ost likely th a t  some types of tw o-stroke engine 
would be perfectly  h ap p y  on non-additive  or non-heavy d u ty  oils, as are m ost four- 
stroke engines.

Mb. A. T. W ilfo rd , in  rep ly  to  a  question  as to  why th e  oils being used in th e  
service te s t were changed a fte r each 12,000 miles ra th e r th a n  some o th er mileage, 
s ta ted  th a t  th is  corresponded w ith  th e  norm al “ docking ”  period for th e  vehicles, 
when am ong other th ings in jectors were cleaned, fuel pum ps were recalib ra ted  and 
cylinder heads received a tte n tio n  if  necessary. U nder the  p resen t system  of garage 
m aintenance i t  would be possible (though a t  m uch inconvenience) to  change th e  oil 
after each 6000 miles, b u t th is  would conflict w ith  existing  practice, which p a s t 
experience h ad  indicated  to  be sa tisfac to ry  comprom ise. The engines using the 
experim ental oil were th u s  being trea te d  in  th e  standard ized  m anner in  respect of 
frequency of oil changes.

A Spea xer  said he h ad  h ad  occasion to  use the  I .P . m ineral oil and  found it  a  very  
good quality . W as there  an y  p roof th a t  th a t  h ad  ac tu a lly  failed to  come up  to  th e  
heavy d u ty  ra tin g  ?

Mb. B arton said th a t  th e  S.A .E. 30 oil had  no t, as yet, been su b m itted  to  the  
American heavy  d u ty  oil tes ts . The oil was sim ply selected on th e  basis th a t  i t  was 
not an  additive-contain ing oil. I f  i t  tu rn ed  o u t to  have heavy  d u ty  properties i t  
would be necessary to  look a round  for ano ther m ineral oil n o t possessing these 
properties.

Asked w hether any  precau tions h ad  been tak en  to  ensure th a t  th e  fuels used in  the  
various sets of engines were from  th e  sam e sources and  of com parable p u rity , Mr. 
B arton  said th e  L .P .T .B . te s ts  h ad  been carried o u t on regular supplies of fuel from 
the Petro leum  B oard  an d  it  was assum ed th a t  these supplies were the  sam e in character. 
The bench engines were using fuel from  a  stock se t aside by  th e  Petro leum  Board.

Mr . Stansfeeld said th a t  te s ts  m ade so far indicated  th a t  th e  non-high-duty  oil 
chosen was qu ite  a good grade.

On th e  m otion of th e  P r e s id e n t , a h ea rty  vote of th an k s w as accorded to  th e  au th o r 
of th e  paper.




