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INTRODUCTION.

This Investigation was undertaken ac a 
result of an observation by Mr. Hawke, namely, that 
Care Berry Wax has an acetyl value In the neighbour
hood of 70.

Tho only Important vegetable oils showing
high acetyl values, thus Indicating the presence of an
hydroxy acid or acids, are castor oil (Rlclnus species
of sub-tropical habitat) and ivory wood see/' oil, the
seed fat of Agcnandra brasillensla. Tn the form r,
hydroxy acids oomorlse about 90 oer cent of the total 

1,2.
mixed fatty acids, whilst In the latter oil, ricinoleic 
ac'd is present to the extent of about 47 per cent in 
the total mixed fatty acids.

In tho majority of other oases, the acetyl 
value is variable and indicates the presence of adven
titious alcoholic bodies or the presence of hydroxyl 
groupp due to hydrolytic rancidity, rather than major
constituents of natural fats. Thus the presence ox

4ricinolelc acid In tho oil of the grape seed (VItie 
Vinlfera) has been disproved by more recent work, tho 
earlier reports, probably, having been based on acetyl
values determined on oils which had undergone partial

5hydrolysis to yield mono- or dlglyoerides. Hydroxy 
acids have been reported as minor constituents of 
certain other oil a namely Ergot oil (Seonle cornutum^’ 
and the oil obtained from Wrlghtin annamensla.

Although it is generally known that natural 
waxes give fairly high acetyl values, due to the sterols 
and higher aliphatic alcohols present, it must be born * 
in mind that Capo Berry Wax, though commonly referred 
to as Myrtle Wax or Berry "'ax, is strictly spooking not 
a wax but a fat. It is composed of the glyceryl esters



of the higher fatty acids with a email amount of the 
free aclda nreeent.

9
a s  Hlldltoh oolnte out, an acetyl value, 

showing the orepence and oroportion of compounds con
taining free hydroxyl groups, will Indicate any of tie 
following oosslbllltlea:

1. the oreeence of an hydroxyllc fatty aold> 
whether saturated or un^aturated, both free and com
bined.

2. the oreeenoe of free alcohols such as the 
higher aliphatic alcohols, sterols, or of some highly 
hydroxylated oomoound such as myrlcetln. In such
casea, there will be a high pronortlon of unsanonlfiable
matter.

3. 'the nresenoe of dl- or mono-glycerides In 
the product. Care must be taken In such cases where 
free fatty acids are present, that the oarboxyllc hy
droxyl group is not included when reoortlng results as

_a measure of the mono- or dl glycerides oresent. .̂n 
such esses a suitable correction must be aoplled.

A survey of the literature, In essence, 
revealed very little as to the chemical constitution 
of the "waxes" from the different Myrioa species and 
In particular from Myrioa Cordlfolla.

No acetyl velue has yet been reported In
the literature.

A further point borne out by the literature
survey, which caused some Confusion, Is that although 
most of the previous workers conducted their researche e 
on Myrt> Wax, there exists no uniformity In their re
ports as to ttz soeclee of Myrioa from which the wax 
was obtained.

/Thus. —. *- •.



Thus Smith and Wade vefer to Myrtle Wax, 
obtained from Myrloa Cerlfera, also as Laurel a'ax which 
Hlldltch11 shows to be totally different, being obtained 
from Laurue nobille, Hlldltch, however, attributes 
Myrtle Wax to Myrica Mexloana* In other papers Myrtle 
Wax Is referred to generally as Myrica Wax and is stated 
to have been obtained from various Myrica eoecles such 
as K. Cerlfera, M. Caroll.iensie or M. Cordifolia whilst 
Cape Berry Wax is reported to h a w  been obtained iron: 
Myrica Cordifolia and also Myrica Querclfolla.' The 
result is that the value of comparing the different re
sults reported oy different investigators becomes high-

13 IS
ly doubtful. In certain papers It is pointed out, 
however, that the waxes obtained from Myrica Cerlfera 
and Myrica Carolireneie are very similar to Berry Wax, 
from Myrica Cordifolia. In this thesis, though, the 
term Berry Wax always refers to the wax obtained from
the seeds of Myrica Cordifolia.

A brief summary of the literature on this
subject serves to show the lack of uniformity in *he 
published results regarding the composition of the 
MMyrloa Waxes”. toSmith and Wade, summarise all previous 
work carried out on Myrica Wax and show that the oone- 
stants and constitution as determined by different 
Investigators are somewhat contradictory. The first 
to have attempted an analysis of Myrtle Wax are Moore 
and ChevreuV. This work was carried out presumably on 
samples obtained from Myrica Cerlfera. Moore and 
Chevreul both agree that it consists mainly of free 
palmitic acid with about 20 per cent, of trlpalmitlr. 
Moore, however, claims that it contains in addition 
some combined lauric acid whilst Chevreul maintains that

A^rtle. ...



Myrtle Wax, In addition to the Palmitic acid, free and 
combined, contains myriatlc, stearic and "m&rgarlo" 
icide.

Benedict^states that it is conrooeed mainly 
of tripalmitln with some trimyrietln and trietearin,

Lewkowlteci? describes the wax obtained from 
the different Myrioa species to be the same, being the 
glycerides of stearic, palmitic and myrietic acids with 
a small quantity of oleic acid.

16According to van der M e t  the above state
ment of Lewkowiteoh holds true for Cape Berry Wax ex
cept with regard to the presence of the oleic acid. By 
the Kuol method, he failed to detect any unsaturation 
in the material.

Allen? whilst omitting to give the com
position of Myrtle Wax, states that it contains only
0.12 per cent of free acid as palmitic acid.

Chittenden and Smith merely state that 
Myrioa wax consists mainly of tripalmitln.

Smith and W&do% basing their deductions on
experimental work carried out on the wax extracted from
the berries of Myrioa Cerifera with petroleum ether, 
express themselves in agreement with those investigators 
who had reported the absence of oleic acid and o: 
volatile acids from the fat. In a table of fat constants
they do, however, report an Iodine Value (Hubl) of 3,3
and a Rciohort-Moleel Value of 0.5. They further agree 
with the investigators who consider Myrtle Wax to con
sist essentially of tripalmitln, some glycerides of 
lower fatty acids with a small amount of free acids.
These authors also claim to have separated tripalmltlh 
from the wax in four crystallisations from petroleum 
ether. (Melting point 6 2 . 5 %  Saponification value 209.4,

/Refractive..



Refractive Index at 80°3 1.4380). Smith and Wade 
further made the observation that certain of the 
ohyslcal constants of Myrtle Wax changed on standing.
The melting oolnt, in particular, wae found to have 
changed ntroreoiably} in so much that the melting 
point of p four year old sample increased from 48° to 
57°G. This fact led them to suspect the presence of 
tristearin but as they reporti, "repeated crystalli
sations from alcohol yielded only practically pure 
tripalmitin (Melting point 61.5°C and Saponification 
Vaxue 206.7)*, These constants are, however, consider
ably at variance with those reported for the product 
by crystallisation from petroleum ether.

Smith and Wade finally proved the absence 
of stearic acid by the Kehner and Mitchell method and 
they concluded therefore that the high molting point 
of the older material was duo to some obscure change 
which had taken place in the fat on standing, Alt iough 
the authors state their intention of continuing further 
work on Myrtle Wax with the object of studying the change 
which had taken place on standing, no reference could
be found to any subsequent publication.

19Abdorhaldon states that Myrtle Wax is 
considered to bo obtained from the fruit of different 
Myrion species namely M, cerlfora, M. oarollnonsis, M. 
cordifolia or M. 1 iclnnta and is regarded to bo iden
tical with Capo Berry Wax (stated to be derived from 
M. quercifolia). The Myrloa fat is said to consist 
exclusively of the triglycerides of palmitic acid (70 
per cent), riyrietlo acid ( 6 per cent) and 1 auric acid 
(4.2 per cent). The presence of stearic acid, however,
could not be established.

/Schneider.....



Ssnnelder nutllehed a v e ry similar 
analysis to the above for the fatty acids from Myrlca 
We:; obtained oi’esumably from either M. Cordifolla or 

Quercifolia namely: Palmitic acid 70 oer cent,, 
Myridtic acid fc per cent, and Laurie acid 10 per cent, 
a total of only 66 oer cent. He further reported the 
glycerine content ma 9.4 oer cent.

21
A later oublication on Cape Berry Wax, 

again stresses tie similarity of Berry Wax to Myrtle 
Wax obtained from Myrlca Cerifera, but its source is 
left undecided, ee being one or other of the several 
soecles M. Cordifolla, M. Quercifolia, M. Lacinata or 
M. Serrate, 20Hllditot. in discussing frui ;-co;v, fate, 
states that the general characteristics are the same: 
the main componente are oalmitic and oleic acids, the 
latter, however, being of negliglole proportions in • 
the Myrtle and Rhus '•waxes11. With the exception of 
llnolelc acid, the other comoonent acids, it is stated, 
rarely form more than 2 — b oer cent, of the mixed acids« 
Among the exceptions to this last statement wc have tho 
fruit-cost fats of the Myrlca species which contain a 
fair percentage of myristlc acid. The values published 
for Myrlca Mexicans^arc 61 per cent, myristlc acid,
37.5 percent palmitic acid and 1.4 per cent oleic acid 
and a trace of stearic acid. Iodine value .nanus)
1.2} Saponification Value 216.7; Unsaoonifiable matter
0.05 per cent; Wax content of the berries 26.3 per 
cent. Jamieson further mentions that, although 
characteristics are published only for Myrtle Wax 
(Myrlca cerifera), Cane Berry Wax gives constants with
in the ranges noted.

/from.......
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From the foregoing It woulc’ aonear that:
(1) Little or no differentiation la ^sde between 

the soeciee of Myrlca when considering the source of 
"hyrtt Wax" or with regard to differencee In comooal- 
tlon end conatltu Ion of these wexee.

(2) Very little data is available regarding the 
constitution of the Myrlca waxes with no data dealing 
eoeclfIcrlly with the wax from Myrlca Cordlfolla,

All the oubllehod data for the different 
characterletlcs of the "Myrlca Waxes" are tabulated 
on the ooooelte cage.

Considering the results tabulated, the 
following points merit discussion:

(1) Smith end Wade report an acid value of 30.7: 
they mention, however, that the samole was oreoared by 
extraction with petroleum ether. They wore the onl; 
Investigators that followed this procedure, the others 
prewarlag their samples by boiling with water and 
skimming off ths fat.

(2) Jamieson reports uneaponlfiable matter to 
the extent cf 2.5 per cent.

16(3) Except for van dor Rlet, who claims the absence
10

of unsaturated acids In the fat, (Smith and Wade confirm 
this, though they report an Iodine Velue (Hubl) ), the other 
investigators seem to be In agreement that the fat le 
unsaturated to a slight extent,

(4) There appears to be some disagreement In the 
values published for the Specific gravity at lb0C/i5°c 
namely 0.995 and 1,005.



PHOTOGRAPH OF WAX 3ZR.-.Z. 

KYRICA CCP3IFCUA.

W A X  BERRY.
fh V f R I C A  C O R P t r O u t A  .)

S e e

• Photograph of ^holo borry covorod with wax.

Photograph of borry with wax removed.

Photograph of borry with wax and warts removed

A section through the whole borry.
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a a s a i  . X O R f H O l G Q Y  . Q F .  . > r / R I _ C A  . C C ^ I r Q L I A ,  '

All nenbers of the Xyr*l3BC9ae of will oh 
there ore about fifty apecles, widely distributed in 
all temperate cllnates except Australia are either 
shrubs or trees. In Bout Africa they are all known
as ’fa-: 9c^ry busi.as. Thera ar j  fifteen species In this 
country soet-tjret. In the oouthf-western and south-eastern 
districts of f he Oa e fluid also extending f ron Clan william 
to Natal aid tn*- 'orti irn Transvaal. The Jpst common 
Include Myrlea Cordlfolla, K. Brevlfolla, M. i i-rclfolia 
and M. A thloplca.

I^rica Cordlfolla Is usually dioecious; 
both the male and female flowers beln : in the axils

.

of carious ciliated bracts In oblong or elongated 
axillary catkins. The leaves are niter ote, ovate or 
obionr fro: a cordate base; they are obruptly point -d 
with tiirec to six te th on each sido, firm, numerous, 
el : ' :0V jnt? i- millimeter a long, and six to thirteen
millimeters wide, vury short pcdoled, glabrous and 
pitted on the under surface.

The ’berry” or drupe is about four milli
meters In diameter, wartad and closely coated with a 
white wax (see flg.l).

The stctfns of the bush are much-branched, 
sometimes erect, three to four feet high and two inches 
in diameter, jut more frequently they are prostrate, 
slander, wide-spreading and buried In the sand sending 
up small erect branones. A single plant generally 
covers auo area ton to twanty feet In dlamotvT and forms 
a valuable sand stay on coastal sandhills. %en.used 
for this purpose. It as given excellent results.

/In......



In addition to the value of the wax, the 
bark of the etem *>nd r ot )e of use In tanning owing 
to ite astringent Qualities.
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PHYSICAL ANT CHEMICAL J0V3TA:’T3.

Thu 'present Verk was carried out on sarnnlee 
of wax obtained from the berries of Myrlca Cordifolla, 
through the courtesy of the Forestry Department. The 
principal sample was obtained from a firm of wholesale 
chemical suppliers during February 1944. The wax is 
hard, with a smooth glassy surface. It la greenish- 
white to green in colour, but on continued, exposure 
to light and air, the outer portions become bleached.
The wax has a characteristic herb-like odour.

The large-scale preparation of the wax is 
briefly as follows
The berries are all hand-picked by coloured labourers 
and frond from loaves, twigs etc. before bagging. The 
bagged berries must be transported as soon as possible 
in order to avoid fermentation, as largo Quantities of 
berries, clceely packed, will start fermenting within 
four to five days. The wax is separated from the berries 
by boiling with water, (one grain bag of berries per 44 
gallons of water)when the wax floats to the surface 
and can bo removed by skimming. The boiling process 
is continued for about four hours during which time 
practically all the wax is «.ooarated. The hot wax is 
strained and collected in separate containers and then 
allowed to cool and solidify; during this process a 
fair amount of water is expelled which can to drained 
off. The solid wax is then romelted in clean containers 
and strained for a second time, '"his wax on cooling 
and solidifying is substantially free from water and 
pure enough for commercial use.

Upon receipt of the principal sample, the 
wax was filtered through a hot funnel, using Whatman 
No. 4, filter paper, and the following constants deter
mined,

/Phyelcal:n t f 11 < t«



PHYSICAL G0"STAr?9.

Melting Range..........   40.0°- 40.7°C.
Titer of fatty acids.............. 46°C.
Soeclf1c Gravity, D"t ^nd for temperatures

un to 80°C. (See p.19)
Refractive Index (N), for temperature is from

40.6 - 80°G. (See p.15).
Dot leal Activity .............Negligible,
Surface Tension at 55°C..... 27.9 dynes oer cm.
Interfacial Tension against water at 55°G.....

7.6 dynes oer on.
Some of these constants merit further 

discussion and will be treated in detail below:-
1. Melting Point.

The melting point oi the original wax 
sample was very sharp; the fat softened and melted 
completely within a degree, softening at 40.0°C. and 
vas completely m Ite at 40.7°C. Such a share meltlnw 
point would seer to indicate a pvre compound, thus 
supporting the view of earlier Investigators that
Myrica Wax was more or leas m puro compound. Smith

10
and Wade stated that the col king point of the aample 
of fat increased with time. This was confirmed by a 
determination of the melting point after the sample 
had been in use for about 18 months when the melting 
point was found to be 47°C. It is reported1 that waxes 
and fate on exposure to air and light become bleached, 
a process which results in a considerable increase in 
melting point.

This Increase 1 i melting point would seem 
to indicate that some stereochemical change must have 
occur.-vdin the fat, either as a result of the atmos
pheric action or due to the continual heating and

/solidifying......
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solidifying of tha mass or more orobably tu both.
2 . Refractive Inlex.

The Refractive Index was determined over 
the temperature range 40 - 80°C. and the values are 
tabulated below, A graph of Refractive Index against 
temperature shows a straight lino relationship,-Curve A.

Temperature. Refractive Index.
t*C (M D

40.5. 1.4520.
45 1.4504
50 1.4483.
55 1.4464.
60 1.4445.

65 1.442?
67 1.4420.
70 1.4407.
75 1.43RB.
80 1.4369.

The Refractive Index, varying Inversely 
as the temperature, can be reduced to any temperature 
between 40.6 and e0°C., by means of the equation:- 

R •= R* + C ( t t )
where R «= Refractive Index reduced to temperature t,

r ’ *r Refractive Index at the operating t mpjnature
t', and C c constant correction per degree centigrade.

B 0.00038 as calculated from the elope of
the curve, rhle is the same as the value given by

u3
Jamieson for fats in general.

Stereochemical changes In the fat were
suspected as a result of the continual heating of the 
sample so that the Refractive Index determinations were

/repeated.....



repeated after about two months* The ohan,;e was negligible. 
When, however, after 18 months the melting point was 
found to have increased, these determinations ruro 
ropoatod once more, A slight increase in the values 
was observed ae indicated by the following results and 
the accompanying graph - Curve B,t

Refractive Index (N)v Temperature t C.
1.4488 50
1.4470 55.
1.4451 60
1.4431 65,
1.4414 70
1.4404 72.5.

The slopes of the two curves are identical 
as is to be oxpeoted since the constant C = O.’X O S  is 
generally accepted to apply for all fate. Thus this 
increase in Refractive Index together with the increase 
in meltin, point indicates that some stereochemical 
change must have taken place in tho fat,

3* Specific Gravity.
The change in specific gravity with 

temperature was determined and the values obtained plotted* 
Tho specific gravities are reported in terms of both B t

t
and Dli:

Over the range 40-50°C the values obtained 
wore variable and are not reported. A solid wax-caku 
did net molt when left in a constant temperature water- 
bath at 45°C for throe hours, though partial fusion 
around the edges had taken place . Similarly a liquic. 
wax sample coulu not bo maintaince liquid in r. ./.tturoath 
at 5O°0 and solidification slowly sot in.



This peculiar behaviour of the fat, as 
well as the Increase In molting point and refractive 
Index with time can most probably be explained by 
assuming polymorphic changes to have taken place In 
the glyoorldee.

63
Malkin first demonstrated that triglyce

rides can exist In at least four different modifications
64

namely the V <4-, Q •- and (3 - phases. (Efremov 
obtain evidence to show that trlpalmitln exists In throe 
polymorphic forms). In so far as they can bo applied
generally, the main Identifying characteristics of the

65
polymorphic forms are listed below;

relative Stability 
Molting Point 
Density
Refractive Index 
Gross Appearance

How obtained
(a) from liquid

A'

Lowest.
Least—
Lowest—  
Vitreous-

,Moat 
Highest 
Greatest 
.Highest

-w Brittle and 
oven powdery.

(b) from other
orllds

Rapid cooling 

Not pocfiiblo

Existence of type 
form in other long- 
ohain compounds

Apparently
unique In 
triglycerides

 m  Vuzy slow
cooling.

+ From the loss 
stable form near the 
melting point of that 
form.
 ̂ Quito general In 

mono- and dlgly
cerides

From the above table, it follows that 
the continued molting of the wax. Lad olov/ly converted 
the glycerides Into their most stable modifications. 
Malkin stated that the chilling process In the melting- 
point dotomlnatlon, converted the glycerides from the 
more et iblo modifications into the unstable, lowoct 
aoltlng foro. This statement will explain the partial
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fucion of tho mx-oako in tho epoolflc gravity bottle 
whon loft in tho thormoatat at 45°G. Tho outo- layers 
of tho wax, whloh were more rapidly cooled had cnangea 
Into the lower molt Lag modifications whilst the glycerides 
in the central portion atill existed in the moat stable 
fore.

It was pointed out, however, that the If - 
fora will slowly revert back to the stable modifications. 
Joglekar and Watson stated that in the chilling process, 
numerous nuclei of the^-form were formed in the unstable 
* -form. Tho formation of these nuclei was responsible 
for the ruvorelon of tho Y  — into the -form#

Tho higher molting point for the sample 
of w\x, extracted with petroleum ether, reported by 
Smith and Wado^can partly be explained by a statement 
of Duffy that glycerides crystallise from solvents in 
the more stable modifications i.e. in the higher melting

point forms.
Further, the unstable glass-like nature 

of the low molting modification was from tine to tine 
emphasized, ospcoially by ZalklnV and its slow reversion 
to the most stable and brittle phase pointed out. A 
similar change in the physical structure of the wax under 
investigation was observed over the period of two years. 
Although the outer surfaces of the wax wore still hard 
and glass-like the core was soft and brittle ana even

powdery.
In tho determination of specific gravid-os 

of the wax-cako at various temperatures, concordant 
results were only obtained provided an air-free sample 
had been prepared. Various modifications of the general 
procedure were adopted to ensure that this > case.

/ T V l ©  e e e • e e
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The valuee obtained are tabulated below.
irature C. D t D 15
15 1.004 1.004
20 1.001 0.9995
25 0.90^7 0.9948
50 0.9937 0.9908
35 0.9895 • 0.9637
50 0.9136 0.9042
55 0.9121 0.9007
60.4 0.9107 0.6971
70 0.9086 0.890-7
78 0.9074 0*8652

From the curves, it would appear that in both the 
solid (<35°C) and liquid (>50°C) phases stral^ht-llnc 
relationships hold whilst over the plastic ranLe (: 5- 
50°G) a sudden drop in specific gravity occurs. The 
slopes of the two straight-line portions of the gr^ph 
are quite different. Considerin' curve B"lb the slope 
of the curve over the solid range is 0.00086 per degree 
change in to rocraturc, and the e.nation to the curve:

D* - d - o.ooosect* - t)
where D* = specific gravity at temperature t :.

D = specific gravity at temperature t.
Over the liquid range, however, the slope of the

curve is 0.0007 per degree change in temperature, and the
equation to the curve becomes:

pi B D - 0.0007 (t5 - t)
whore D* and D have the same significance ao mentioned 

above.
An important point arising from Shis invsstigation

is that the value obtained for the specific gravity at
/15°C.......



15 C corresponds to that published by certain of the
24, .,0,1*

previous investigators, whilst one possible ex
planation for the low value reported by the other 
investigators is that the samples of wax were not aij>- 
free, Thlc is postulated since low values were obtained 
in the dotcnnlnutlons, before the samples were rendered 
air-free.

4. Optical Activity.
The optical activity of the fat as well as 

tnat of the free fatty acids was determined in solutions 
in chloroform of five per cent, and ten per cent, 
concentration. In all cases the rotation was negligible, 
being within the limits ci experimental error,

5. Surface - and Interfacial Tent-lone.
The surface tension of the fat against air 

was determined at 55°C, and found to be 27.9 dynes 
per cm. Further, an abnormal lowering of the inter- 
facial tension against water, also at 55° C, was ex
pert onoeu, the tension being only 7.8 dynes per cm.72
According to Bailey„ such a low value is indicative 
of the presence of di- or aonoglycoridos in the fat.
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O g m C A L  COJ’aT^NTo.

Acid Value ............
Iodine Value (*. Ijs), ... 
SapcnlfloatIon Value...
Acetyl Value...........
Unsaponifiable Hatter.. 
Relchert-Helssl Value.. 
Polonske Value........

.

0.60 t: a/100 ' 
214.7 aga/ys. 
08.2. ngm/ga. 
0.12 per cent

Fatty Acid Oontont:-
a) 3y Sther Extraction  90.? - 90.6 per cent.
b) By ^ax-cakc Hothod...... 90.1 - 90.£ per cent,

Glycerine Content..............  1 0 per cent.
Lloan molecular weight of the

Indicates the prosencc of unsaturation either In the 
glyceride molecule o- in the unsaponiflable uattor.
The unsaponiflable matter in the fat Is practically 
noglljlblo thus indicating the w. saturation to bo 
confined within the glyceride molecules. This deter
mination tends to disprove the claim made by certain 
Investigators ’ to the effect that the fat Is completely 
saturat cd.

The verj ow Relchert-helasl yalue confirms 
the absence of any volatile low molocular weight acids 
whilst the small Polonske value is probably due to the 
small quantity of laurio acid 1,. the fat.

value, as determined indlostoo that the frt is not 
rancid and no marked hydrolysis of the glycerides mas 
taken place.

fatty acids 242.1 - 244.6.
The iouine value (Tijs), though very email.

The acid value is very significant ue thu low

j k  discussion
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A discussion of tho high acotyl value and its 
implications will follov under a separate heading.

Tho fatty acid content of the fat was deter
mined by both tho other extraction and tho wax cake 
methods. Tho .ican value of 90.5 pur cent, is much 
.ower than would be expected for a t glyceride (usually 
of th order of >5 per cent.). With such a low fatty 
acid content, a high glycerine content was suspected 
and this was confirmed by an analytical estimation of
tho glycerine. Both the standard acotin method and the

34
Bertram and Rutgos ^cthod wore employed.

Tho lattor method was standardised against a 
pure oil of known glycerine content and found to give 
tho theoretical result. For this purpose a pure 
triglyceride oi~ was analysed in the usual way, Tho 
acid w and saponification valuer were determined as well

as the glycerine and fatty acid contents according to the 

Bertra, and Rutgos and other extraction methods respective

ly*
Tho pure sample of lial ko Oil, gave tho following 

characteristics on analysis:
Acid Value...................  0.27.
Saponification Value......... 188-3.
Glycerine Content.-........ . 10.23 per cent.
Fatty Acid Content........... 9-*5 per cent.

The theoretical fatty acid content, by calculation

= 95.7 per cent.
Using the following formula, (derived below), 

wo can calculate tne tioorotioal glz corint content of 
any triglyceride fat:

/&....



Or „ 0.0546? 2. 
w.horo C- = percentage giycorino In the fat.

2 =, ostor value.
Henoo, substltutln the val:u of 2 in the above 

equation, wc obtain:
G- = 0.05467 x 138.5.
3 10.30 per cent.

Those values confirn the applicability of the 
Bertran and Hutgee uethod for estimating the glycerol 
content of a natural fat.

Tnc formula, foi calculating cho percentage 
glycerine ie derived as follows*-

Let 0 m percentage glycerine available from the fat. 
But 92 a lycorine - li aignv. of triglycerides.

where Li = moan molecular weight of the triglyceride 
molecule.

.. 9%003 aga. glycerine 5 1 ga* of tri lyceridee.

But. 1 g:!. of fat contains 1 - 0.01 (o 4 u) rs. of triglycerides,
whore a « percentage free fatty ^olds.

u a percentage unsaponifable matter in the 
fat.

.*. agm. of glycerine obtained on the hydrolysis of
1 gin. of fat = 92000 ( 1 - 0.01 (a 4 u))2

or O s  9200 ( 1 - 0.01 (a 4 u))
11 5

But _ = A ^l - 0.91 (a 4 ̂ 1 )

and therefore substituting in the above equation, 
we obtain:

G = 3200(1 - 0.01 hi 4 ujb.il.
1.683 x 10 (1 - 0.01 (a 4 u))

= 0200 . x 2.
1.683 x 10

= 0.05457 2.
This formula ie only valid if the percentage 

of free fatty acids, (obtained by hydrolysis of the
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glycuride molecules)» Is low. If the free acid content 
le hi ,‘h. Indicating partial hydrolysis of t e triglycerides, 
then tne value for 5, as calculated, would be incorrect 
as it, in this case, would not apply solely to a tri
glyceride but to a mixture of a dlglyceride and triglyceride, 
in such a case, the above formula needs mo ification.

For this reason an oil of low acidity, was 
selected for standardising the Sort ran and Ru'* gos method,
A further check on the structure of the glyceride 
molecule is found in the det• ruination of the total 
fatty acids.

Although both methods were used, the Bertram 
and Rutges method was finally adopted as it gave fewer 
possible sources of los of glycerine, an: appeared to 
be more reliable. A brief consideration of the mani
pulations involved in preparing the glycerino sample for 
analysis by the standard acotin method, will suffice to 
indicate the complexity of the process and will substan
tiate the claim made in this paper as to the suitability 
of the Bertram and Rutgos method for determining the 
glycerine contents of tho oil samples. A full ue scription 
of tho process follows later under a separate heading.

Firstly, the double evaporations of the aqueous 
solutions are only to be carried to the point of incipient 
crystallisation. As this is difficult to Judge, evapora
tions say easily be carried too far, resulting in some 
loss of glycerine.

In the extraction processes, whare only a small 
quantity of glycerine is present, together with a large 
proportion of sodium sulphate or barium sulphate, ad
sorption on the crystal surface becomes of major importa cc. 
Again losses may readily result,

/The.
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The renoval of thu alcohol and water froa the 
filtered extract oy evaporation, even under vacuum, nay 
result in loss of glycerine due to its volatility in
steam. Also, the ra id method of analysis for nrlycerine,

36as proposed by Hilditch, did not work satisfactorily as 
the glycerine residue, finally obtained, always contained 
6one solid matter which only appeared on concentration 
of the solution.

In view of these possible sources of loss of 
glycerine, during the preparation of the sample, it was 
felt that the methods are not altogether satisfactory and 
the method of Bertram and Hutges was therefore used.

The mean molecular weight of the fatty acids, 
as determined by direct titration, gave values varying 
between 242.L: and 244.6 with a mean value of 245.3.

From a knowledge of thu percentage of unsaponifiable 
matter, the acid value and the saponification value, the 
moan .molecular weight of the fatty acids can be calculated 
us in; a formal’ derived as follows:

*2 C
Hawk:;" derived the following formula for U, the

mean molecular weight of the glyceride molecule,
% - 1.623 x 10D(1 - O.OKa + u))

Ester value
and for a - mean molecular weight of tne fatty acids

= h - 33
3

where a = percentage of free fatty acids in the fat. 
u - percentage of unsaponifiabla matter.
Two important assumptions were made in this

derivation namely:
(1) All the combined fatty acids are present as

triglyeorldos.
/(2) The.....
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(2) The nean molecular weight of th free fatty
ucldB la the same as that of the combined or total fatty 
acids.

Hawke also pointc out that for free acidities 
up to 15 ner cent, the error In the calculated value 
of a is practically negligible. It should have been 
pointed, out, however, that this statement only holds 
true if the fru>• acidity does not result from the hydroly 
sic of the triglycerides. If that wore the case, the 
weight of glycerides per gram of fat (1 - 0.01 (a 1 u)) 
though assumed to correspond to triglycerides, would 
actually constitute a mixture of dl- and triglycerides.
In such a case the above formula becomes invalid, and 
has to be modified accordingly.

It will be noticed that to calculate m. the 
percentage free fatty acids a is required but to cal
culate a from the acid value V, a is required. Hence 
to eliminate the factor a from the above equation, 
another formula can be derived tmus:

- « 1. lQbU  - O . Q l C ^ u l l  U)

Further m « ... - 
3

I.e. 3m 4 3m,
Substituting this value for * in equation (1), 

we obtain:
3m 4 33 » 1.dS3 >: 10' (1 - O.Qi(a 4 '0 1

E
/ .  a - 1.633 x 2D (1 O.tP l ^ A    '3E

but 1 gn. fat contains 0.01a gme. free fatty acids
or 10a mgm. free fatty acids.

but 10a agm. free fatty acids = V i.gn. KOH.
where V - acid value ^f the fat. 

and m iagm. free fatty acids — 56.1 mgm. KOH.

/ooA ......



• * 56. L — 'a
V 10a

• • a — mV
561

Substituting ale value In equation (2)

i s 1.663 y 105(1 - C.01(#%Y 4 u)) *™ 33£
—  -

. . SSa - l.u ,5 x 105 - 3mV - 1,683 % 10°u - 38S.
.. oi-U 4 V) =, 1. • 3 x 103(100 - u) - 382

a - 1^.-3 IG-'ClCO - u) . - . 382
3S

From the constants dot or. lined on the sample,
a theoretical mean molecular weight of the fatty acids
can be calculated using the above formula.

u - 0.12 per cent.
S = 214.7 mga/gm.
2 a 214.7 - 3.7 a 211.0 lagm/gu.
m = 1.603 X 105(10Q - - 38 x 211.0

3 X 214.7
- 163096 - 8018

644.1

= 24J.5.
The values for n, found by experiment to be

243.5 by the titration aethod and 243.1 from the eater 
fractionation data, (see later under a separate heading), 
show an unexpected divergence from the calculated value 
and Indicate the presence of a factor or factors un
accounted fur in the formula.

As has been pointed out before, the above 
formula Is valid only if the free acidity does not 
result froir the hydrolysis of a triglyceride and also 
provided tne ester is a triglyceride. If the free 
acidity does result from the hydrolysis of the tri- 
^lyQoridu, the formula has to be modi 1 led to taiio into 
account the fact that the eater proemw will consist of

/ a ml?;ure.....

Thus,

and



a mixture of triglycerides and di.lyoerldes. A modified 
formula can be derived, as follows:

CHgOOOR + HoO CH OKt i -
OKOCOR ---- CHOC OR 4- ROOOKi i
CKgOCOR CKgOCOR

Li id ■* m 16 a
Hence the liberation a araas o. f ’it .’oldb

will be accompanied by the fo. mat Ion of Id - m 4 IS grams
of dljlycerldes.

But the free fatty acid content of the fat * a per cent.
. . Per ram of fat,

the weight of free fatty acids » 10a ngn.
and the weight of diglyoerides - 10a(LI - a 4 16) mgm.

o
Thus if the percentage unsaponifiable matter a u per cent
then the weight of triglyceride per gram of fat will

be = 1000 - iOa - lOu - 10a (I: - h 4 lo) raga.m
» 1000 - IOa - lOu - IQail 4 10a - ISOa mgm.

m m

= 1000 - 10(u 4 ag 4 13a) mgm.
( m m )

B1' or saponification.
Id mgm. triglycerides require 3 x 56.1 mgm. KOK

1000 - 10(u 4 ah 4 16a) mgm. triglycerides require 
( m a )

X mgm. KOK,
where X a 1000 — 10 (u 4 iis£ i2£i) x 3 x 56.1 _____ ( n m )____________ mgm.

Also:
I t _ n u 18 mgm. dl lyceridee require 2 x 56.1 mgm. KOH

10a(il - m 4 16) mgm. diglyoeriLes require X mgm. KOH,
a

where X = - m 4 1-) % 2 : 56.1a ______________  mgm. tOn.
LI - a 4 i S ‘

/Similarly.....
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a iayn. of froe fatty acids require 56.1 in;:n. KOH.
... 10a mm. of free fatt'' acids require 10a x 56.1 nya. KOH

n
'’ut the saponification value, 8, ie equivalent to the 
m̂ ra. KOH required to saponify 1  ̂ram of fat.
.. 8- 1000 - 10(u 4 ah 4 l a) x 3 x 56.1)(u 4 ah 4 l̂ a) 

A g  nj. 4 10*. x 2 X56.1

10 x 56.1. 
a '

- 56.1(3000 - 30u - 30a - 540a 4 30a)
( M M m ma u )

8.h.= 56.1(3000 - 30u - 540a)

But as shown previously,
1£ a 3a 4 38.

and a =» mV
561

8ub:;tltutlw' the values for h and a in the above 
equation gives:

8(3n 4 38) = 56.1(3000 - 30u - 540 x r.V )
( a 561)

.*. 38m 4 338 - 1.363 x I0: (1C0 - u) - f-LY.
.. m = 1.6^3 1C3(1C0 - u) - : . V_ - _ 6

38
Substituting the values of u, V and 8, as determined,

in the above equation, we have!
m - 1.6,3 10:5(10C - 0.13). -54X3,7-30X214,3?.

3 X 214.7
a - 139.6 - 8153.6

t>44.1
a 246.0.

Although the value so obtalneu for m is slightly 
leas than that obtained for a ouro triglyceride. It still 
doea not explain the low experimentally determined value.
As it would appear that the presence of a diglyccrido

/lowern-...
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lowers the value for a as calculated from the formulae, 
a oorreapondlng relationship between n and the oil con
stants can readily be computed for a r rre dl^lycorlde.

Thus: M = 1000 x L: x 56.1(1 - C.ClU 4 u))
Ester Value

= 1.11^- 106(1 " 0.01 (a 4. ul)
E

and m ” II - 55
2

or i£ = <ia 4 55.
2-i 4 50 ~ 1.122 x 105(1 - O.OlUV 4 u))ill-XZ
. . 2aE =* 1.122 x 105 - 2aV - 1.122 x 103u - 56E

2a(E 4 V) = 1.122 x 103(100 - u) - 5GE
and a = 1.1.11 103(10Q - uj .28

Again using the sane values for u, 2 and S, and 
substituting In the above formula, we g:t:

D *- 1.122 X IQ5C100 - 0.12) - J6.x_211j0
2 x 214.7

= 112065 - 11616
429.4

= 233.4
These values Indicate that the fat under con

sideration may ,o a mixture of dlglyceridea and tri
glycerides as the experimentally determined mean 
molecular weight c the fatty acids is intermediate 
between the values calculated for diglyceridos a-.d 
triglycerides.



:M Tnz cc-sta-ts vap.iation in

TIKS OF GATHERING THE BERRIEg.

A series of determinations w?e also crrrled 
out on samples of berries collects at different nerioda 
through-out the season so as to investigate the changes 
in the wax during growth of the berry. The berries ripen 
at the end of the summer season and are gathered between 
Aorll and August. Two samples of berries were used, one 
collected at the beginning of the season end the other 
very late in the season.

The first of such samples was collected towards 
the end of Aorll, 1944. A portion of the batch was ex
tracted with diethyl other whilst tne main bulk of the 
sample was stored in a bottle. Before the wax content 
of the berries could be determined, the berries had 
started fermenting. The extracted fat sample "as very 
dark In colour necessitating the use of Alkali Blue 63 
as indicator for all titrations. The uneaponiflablo 
matter oould nut be determined because of the Stable 
emulsions that formed during the extraction process.
Both diethyl ether and netrolcum other wore tried for 
this extraction. A possible explanation is that some 
emulsifying agent may have boon extracted from the berry 
by the other.

Since the wax content of the berries could 
not bo determined for this batch, a further sample 
was obtained, which had been collected during May. The 
wax was Immediately extracted by boiling the berries 
with water and skimming off the seoarated wax. Thia 
was filtered hot, the wax-cake remelted ana filtered 
cgnin. A small oortlon of the berries was recarved for 
a quantitative determination of the wax content.

■ The......
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The characteristics of the different fat
sfudtiles rre tabulated bclow:-

SAMPLE 1. SAMPLE 11. SAMPLE 111
“erlod when collected. April May. August.
Separation process. Extracted with Boiling with water.

Acid Value. 
Snconifio'-tlon Value 
Acetyl Value.
Iodine Value 
Unsp.oonifiable Matter.

cold diethyl 
ether,

6.60.
211,4
66.2
3.74

2.13
216.1
62.3
0.74

2.42
215.0.
72.5
0.44

0.30 per 0.30 per 
cent. cent

From the results shown in colum- i  11, and 111, 
we see that: An increase in acetyl value is accompanied
by an increase in the free acidity, but not nearly suf
ficient to account for the large increase in the former 
by hydrolysis. The extraction of the first soap] t  with 
diethyl ether could oosslbly have resulted in the high 
’’eld value, since it is claimed that solvent extraction
oromotce enzyme activity oaoeclally in the oresonoe of a

37
small amount of moisture. On the other hand, the low
values for free acidity in the water-boiled samples as
compared with the other-extracted sample might result
from a martial solution of the lower molecular weight
free fatty acids in the large bulk of water used. Smith 

10
and Wade rcoortod an acid value of 30.7 for a petroleum 
ether extracted sample of Myrtle Wax. This extraordinarily 
high value can oosslbly bo exolained ms the result of an 
c-nzymatlc reaction along the lines mentioned above,

The high iodine value obtained for the ether 
extracted sample, can be explained by tht assumption that 
some unsmturated body was extracted from the berry. Iodine 
values were determined on the different wax samplea ob
tained during the quantitative wax content determinations

/of.....c.



of BPmvlce 11 and 111.
These samplee which were, both, petroleum ether

^nd chloroform extracted, gave the following results:-
SAMPLE 11. SAMPLE 111.

Solvent. Petroleum Water. Water. Chloro- Petroleum
Sther. form. Mther.

Iodine v'luc. l.i" 0.74 0.44. 1.70. 1.02.(WlJs—45 Mine.)
These results show that extraction of the 

wax with organic solvents results In a product more un
saturated than Is obtained by the water-boiling method 
probably due to some unsatumted body extracted from the 
berry itself.

The wax content of Che berries was quan
titatively determined by ex.. .ctlng a weighed sample of 
berries In a Soxhlot apparatus with the required solvent.
The results obtained together with the treatment given 
each set of determinations arc tabulated bolow:-

3OhVENT AND TREATMENT.
Extracted with petro
leum ether for 10 hours; 
dried for 6 h-'urs at 
80(>Cy
Extracted with Chloro
form for 5 hours and 
10 hours# dried for 
6 hours at 80°C.
Extracted with petro
leum thor for 10 
ho’'1* •; dried for 6 
hours at 80°C.

These results indicate that the change in
v'x ci-nt *nt of the perries ovo- thi eeaaor. ib negligible.
The wax sample obtained from th# chloroform extraction
was brown in colour instead of the usual greenlen-white,
had r foul odour and did not so'idlfy very rrjadlly. The
extraction of some other volatile, odoriferous compound
from the berry by the chloroform could explain the brown

/colour.... ...

SAMPLE. % FAT CONTENT.
Sample 11. iKay). 20.0 per cent.

"ample 111. (August) 19.95por cent.

19.85 per cent



colour find t'oul odour In the sample and could alau 
account fur tho hlghei' Iodine value obtained for this
aamnio,

It was found that the wax was not readily 
soluble In petroleum ether, for after six hours ex
traction cortions of the wax on the berries had not been 
recovered. Thus the time of extraction was pr< god to 
ten hours when the wax recovery was complete.



MOULD ATTACK ON THE PERRIES.
AND THF WAX.

The mould, which had formed on the sample 
of fermented berries, was investigated by Mrs, E, Hawke, 
of the Botany Department, and was found to belong to 
one of the nenicillium species.

In order to study the attack of the mould 
on the wax-cake, two teats were conducted In vhloh teet- 
cakes of vex were inucculated in special culture bottles 
with the mould obtained from the fe.•meriting berries. A 
special nutrient warn supplied with the one sample, whilst 
in the other case, the mould was left to feed on the wax 
alone. Aft(,r five months the wax-cakes were cleaned 
of nutrient and mould and reweighed. In both casern, 
the tests showed that the mould had but a negligible 
effect on the waxcake, the actual decrease in weight 
amounting to less than one per cent, over the test- 
period, and which can eeslly be explained ae simply a 
loss of surface moisture from the waxcake,
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THE FATTY ACID COIoPOSITION.

In order to otudy the fatty acid composition,
the methyl esters of the fatty aoldu were prepared and
fractloi.ally distilled in a vacuum through an electrl-

33cally heated and packed column ("a.H.P. column"), Owing 
to the absence of any lower volatile acids, no preliminary 
separation was necessary. Also, because of the very low 
unsaturation in the fat, thero was no need to attempt 
a lead salt—ether separation of the saturated from the 
unsaturated members. Consequently the mixed acids were 
ostorifled as a whole and the esters distilled directly.

39
40

As pointed out by Hilditch and by Norris and
Terry, the vacuum employed should not bo too high, but 
Biiould bo of the order of one to five millimeters at the 
column head. In all runs, the operating rree - '? ■- * e 
head of the column, was consequently maintained at one
to two millimeters.

The mixed esters were fractionally distilled at
this pressure, through the "E.H.P. column". The apparatus
used and the techniques employed are described by Hildltc

42
from the original publication by Longenockor. The only 
modifier on applied was in the heating of the packed 
column; a fine control on the temperature being regulated 
by a Variac connected in series with an ammeter to the

heating coil.
The column head temperatures as recorded, though

reported systematically, nave little or no absolute
significance, but merely afforded, in conjunction 'i
the pot temperature, some indication of the officienc,,
of the fractionation* The temperature at the midpoint
of the column was measured by moans of a thcr. locouplo

/lnnnrtod



inserted between the column and the electrically heated 
Jacket.

42
An important point noted by London eel; er is that

despite the somewhat prolonged heating period necessary
for fractionating a complex mixture, there is no evidence
that the residual unsaturatod esters undergo more profound

43decomposition than when a simple VfllletMttor bulb is 
employed. He further points out that for maximum effi
ciency in fractionation to be obtained, no "flooding*’ in 
the packed column should take placo. This requires a 
very careful control of the pot and column temperatures.

By regulation of the stopcock in the still head, 
the distillation was maintained at a steady rate of five 
to six drops per minute, Tho receivers for the ester 
fractions were all stout-walled 6" x 1" test-tubes fitted
to tho Perkin triangle through a good quality cork, pro- 

44viously charred.
In tho following tables, tho results from duplicate 

ester fractionations arc sot out. Tho method of calculation 
lo also illustrated by moans of an explicit example.

/Fractional
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Fractional Distillation of tho Motayl Eaters of 
the F%tty Acids of Berry Wax,
(63.5 sms. distilled through "E.H.P. column"). 

Duration of run — six hours.
Pressure in system - one to two millimeters.

. . Temperature (°C) of(a) —    — — ^ ^
Oil Bath. Column

Bamp'1 Weight middle Head Sap. Veil. lod. Vnl
A 4.44 176 - 184 160 - 167 111 - 110 233.2 0.42
B 4.61 184 167 - 171 110 231.*2 0.15
C 7.12 184 - 185 171 - 173 110 231.4 0.07
D 9.40 185 — ISO 173 - 181 110.5 231.1 0.00
E 2.01 190 - 194 181 - 184 110.5 - 114 230.2 0.22
F 3.05 194 - 200 194 - 185 114 - 126 223.7 0.27
G 3.42 200 — 215 186 - 200 126 - 130 210.4 0.38
K, 5.03 215 — 230 200 - 208 130 - 130.5 208.2 0.22
I 11.05 230 — 232 208 - 210 130.5 - 131 207.7 0.28
J 9.02 232 235 210 - 218 131 - falling 207.3 0.33
K 2.25 Residue from column. 206.3 2.28
R 1.09 Residue in flask. 209.5 7.14

63.35

/b. calculated



(k) Calculated Coapocltlon of tlio Eater Fractions.
Saturated Acids. Unsaturated AcIds as

Sample n'■'12 C14 C16 C18 Palnitololc
A 0.26 4.16 — — 0.02
B -* 4.56 0.04 — 0.01
C - 7,06 0.05 — 0.01
D - 9.26 0.14 0.00
£ - 1.90 0.10 - 0.01
F — 2.06 0.98 - 0.01
G — 0.41 3.00 - 0.01
H ■* 0.14 4.93 - 0.01
I — 0.11 10.92 - 0.03
J - — 8.86 0.13 0.03
K — 0.05 2.15 — 0.05
R - 0.16 1.59 - 0.14

Weights 0.26 29.87 32.76 0.13 0.33
Pc" cent.

esters. 0.41 47.15 51.71 0.21 0.53
Per cent.

acids. 0.40 46.99 51.88 0.21 0.52
ilolal
Per cent. 0.49 49.84 49.01 0.18 0.50

Details of the Method of Calculation Involvcd.
The ass’iaptlons aado In the following calculations

are:
1) that each fraction contains only two saturated 

esters and one unsaturated ester*
2) that because of the low unsaturation of the 

fat and because of tho predominance of palmltlo and 
myristic acids, the unsaturated acid was taken In every 
case to bo palaitoloic5 (4 9:10 hoxadocenoic acid).

On making thooo assumptions tho calculations aro 
oonparat1vcly simple; complete information for each 
fraction being obtained from the respective saponification



and Iodine valuea. This Is best illustrated by a 
definite example e.g. fraction I (11.06 grama, S.V. 207.7, 
I»V, 0.28, containing the methyl eaters of myristic, 
palmitic and palmitoleie acids.

Let m, p, and u represent the respective weighta of 
myristic, palmitic and palmitoleie acid esters.

The saponification values of the esters are respectively 
231.5, 207.5 and 209.0.

The iodine value of palmitoleie acid is 94.8.
The equations, therefore, are:

m 4 p 4 u - 1 1 . 0 6 ...................  (1)
231.5m 4 207.5p 4 209.Ou - 11.06 x 207,7... (2)

94.8 u - 11.06 x 0.28.... (3)
From equation (3)

u » 11.06 x 0.2894.H
B 0.052 (0.02 gna.)

Substituting this value in equations (l) and (2), 
we have:

m 4 p = 11.03...................  (4) ,
231.5m 4 207.5p - 2297.2 - 6.9

= 2290.3..................  (5)
(4) x 231.5 - (5)
231.5m 4 231.5p - 2552.4
231,5m 4 207.5p - 2290.3.

.*. 24.Op = 262.1
p = 10.92 gna.

whence m * 0.11 gn.
From tho r suits shown in table (b) wo then

obtain tho following porcontago composition of tho 
mixed ostors:
Per cent. C12 C14 C16 C18 Palmitoleie

esters. 0.41 47.15 51.71 0.21 0.5o
j  f # # # #



from which a percentage composition of the mixed 
fatty acids can be calculated as follows:

"12 ci4 C16 Cip Palmitoleic
0.41*200^ 4 7 . 1 5 ^  5 1 . 7 1 ^

0.38 - 44.41 = 49.04 = 0.20 = 0.49
Per cent,

acids. 0.40 46.99 51.88 0.21 0.52
(0.4/0 (47.0%) (51.9^) (0.^) (0.5%)

From this data the molal percentages of the fatty acids
can readily be calculated.

D.,40 . 46.29 51.88 0.21 0. ~2
200.3 223.3 256.4 238.5 254.4

a 0.002027 » 0.2058 « 0.2023 - 0.000727 -0.002053
Zolal
per cent. 0.49 49.64 49.01 0.18 0.50

(0.5%) (49.8%) (49.0%) (0.2%) (0.5%)

Those results show that the total fatty acids 
ccneict of practioilly an oqulmolocular mixture of myristic 
and palmitic acids with very small amounts of lauric, 
stearic and palmitoleic acids.

As a chock on the xmsaturated acids present, 
the total unsaturation in all the fractions can bo 
balanced against tho unsaturation of the mixed esters.

Iodine value of the mixed esters = 0.50
x.X 3 a.A 4 b.B 4 e.C 4 - - - - - —

where a,b,c, - --  - - --- = weights of the fractions.
A,3,C, - - " -------e the corresponding iodine

values of those fractions.
x ** weight of nixed esters.
X 3 iodine value of tho mixed

ostore.



63.35 x 0.50 = ( 4.44 x 0.42) 4 (4.61 x 0.15) 4 (7.12 x 0.07)

4 C2*01 x 0.22) 4 (3.05 x 0.27) 4 (3. 2 :: 0.36) 
4 (5.08 x 0.22) 4 (11.06 x 0.23) 4 (9.02 x 0.33)
4 (2.25 x 2.28) 4 (1. ,9 x 7.14).

• • ■':1»57 “ 1.37 4 0.69 4 0.50 4 0.44 4 0. ,3 4 1.30
4 1.12 4 3.10 4 2.98 4 5.12 4 13.50.

= 31.45.
These values agree sufficiently well to confirm 

the presence of 0.5 per cent, of palmltolelc acid.
In a similar manner, the results can be chocked 

by moons of saponification values. A determination of 
the saponification value of tho mixed caters gave a value 
of 219.4. Therefore applying the abovo rulo:

X»X Si# A# *4 b# 3 4* C # C ••
63.35 x 219.4 = (4.44 x 232.2) 4 (4.61 x 231.2)

4 (7.12 x 231.4) 4 (9.40 x 2 3 1 . ) 4 (2.0l%230.2) j 
4 (3.05 x 223.7) 4 (3.42 x 210.4) 4 (5.08 x 208.2)

4(11.06 x 207.7) 4 (9.02 x 207.3) 4 fc.25 X203.3) 
4(1.59 x 209.5)

/. 13898 = 1039 4 1066 4 1643 4 2173 4 463 4 633
4 720 4 1056 4 2298 4 1370 4 469 4 396.

= 13883.
The discrepancy of 0.11 per cent. Is well within 

the limits of experimental error. Finally, using tho 
above percentage composition of tho fatty acids, the 
mean molecular weight of the mixed fatty acids can be 
computed:

Thus mean molecular weight of tho fatty acids 
r 0.40x200.3 , 46.99% 223.3 +51.88,256,4 x Q.21%284.5

•— Too   Too-----   # --  ’ — — ---

= 0,51 4 107.3 4 133.0 4 0.59 4 1.33 

“ 243,0.
/Tabulating.....

+ 0.52x254.4
 Too

is
®
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Weight 
Per cent.

Tabulating the above results v/o get:
C12 C14 c16 C13 Palmitoloic

acids.
Ifolal

0.4> 47.Of, 51.9* 0.2* 0.5*
Per oent.

acids. 0, 49.3* 49.0* 0.2* 0.5*
Ileem molecular wolght of tho fatty acids « 243.0.

Direct Dotor.Mination Functional Values
Total unsaturation product 31.67 31.45
Total saponification product 15393 13883

(l.o. weight x Sap. Value)
11. For tho duplicate determination a further sample

of methyl esters was prepared in a similar manner to tho 
above and a portion of it fractionally distilled through 
the "E.H.P. column". Both tho saponification value and 
the iodine v^lue of the mixed esters were determined.

Saponification Value ~ 219.3
Iodine Value =» 0.53.
Fractional Distillation of the If ethyl Fat ere of 

the total Potty Acids of Berry Wax.
(57.00 gme. distilled through "E.H.P. column").

Duration of run - five-and-a-half hours.
Pres ure in system — one to two millimeters.

Temperature (°0) of 
va) —  - Tr ' h

Oil Bath Column
ample Weight Kiddle Head^ 5ap. Vol. lod.Val
A 5.40 174 - 186 161 - 163 112 - 113 232.3 0.23
B 6.33 108 163 - 175 113 230.6 0.14
C 8.13 188 - 193 175 - ISO 113 - 114 231.2 0.14
D 4.99 193 - 199 130 114 - 116 230.2 0.11
E 5.64 139 - 207 160 - 134 115 - 132 217.5 0.14
F 6.33 207 - 213 134 - 195 132.5 206.6 0.25
0 6.95 213 — 217 195 132.5 - 133 201.5 0.11
H 6.50 217 — 222 195 - 207 133 - falling 207.4 0.28
I 2.35 Residue in column. 206.1 . ,23
R 1.75 Residue in flask. 210.0 3.04

56.87 /Calculated,,.
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Calculated Composition of the Zstor Fractions.
Saturated Acids, Unsaturated Acids as

Sample 12 C14 C18 Falmitoleic.
A 0.16 5.23 — - 0.01
B — 9.10 0.22 — 0.01
C - 8.01 C.ll - 0.01
D — 1,72 0.26 •* 0.01
D 2.35 3.28 -*> 0.01
F - 0.30 6.51 — 0.02
a — — 6.94 - 0.01
K — — 0,45 $.03 0.02
I - 2.13 0.16 0.06
R — 0.14 1.44 - 0.17

—— — w  ■
Weights. 0.16 26.85 29.34 0.19 0.33

Per cent, 
esters. 0.28 47.22 51.60 0.33 0.58

Per cent, 
acids. 0.26

(0.3,.)
47.04 
(47.Op)

51.76
(51.8%,)

0.34
(0.3),)

0.58 
(0. djw)

holal 
Pe.' cent, 

acids.
0.34
(0.3p)

49.90 
(49.9^)

48.9?
(48.9̂ »)

0.29
(0.3,:)

0.55
(0.8&)

A^,uln cheoklnf the u r. saturation and aaponl f leal Ion 
values of the fractions against that of the mixed eaters, 

we have: 
1. Unsaturation.

56.87 x 0.53 = (5.40 x 0.23) 4 (3.33 x 0.14) 4 C.13 x 0.14)
4 (4.99 x 0.11; 4 ( 5.64 x 0.14) 4 ( 6.33 x O.L'o)
4 (8.95 x 0.11) 4 (5.50 x 0.26) 4 (2.35 x : .23)
4 (1.75 x 9.04)

30.14 - 1.24 4 0.88 4 1.14 4 0.55 4 0.79 4 l.l 1 4 0, .1

4 1.32 4 5.24 4 15.32.
30.14 3 30.17.
2. Saponification Value.

/56.97 x 219.3
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56.97 x 219.3 = (5.40 X 232.5= 4 (6.53 X 230.5) 4 (3.15X23*.11>
+ (4.99 x 230.2) + (5.64 X 217.5) 4 (6.53 x 206.7)
+ ( .95 x 207.5) 4 (6.50 “07.4) ■, (2.35 x 206.1)
4 (1.75 x 209.6).

“ 1255 4 1460 4 1830 4 1149 4 3227 4 1425
4 1853 4 1349 4 485 1 o5S.

12470 a 12456
Finally calculating the nioan nolocular iroight 

of the fatty acids from the fatty acid composition, we 
have:

mean molecular weight of the fatty acids 
“ 0«2dx200.3 4 47.04x228.3 + 51.76x256.4 4 0.54x234.5

loo Toe 166 166
= 0.56 4 107.4 4 132.7 4 0.96 4 1.48 4 0.56x254.4

100
“ 243.1.

These values can be tabulated as follows:
Direct Determination Fractional Values.

Total unsaturation product 30.14 30.17
Total saponification product 12470 12456

(i.e. weight x sap. val.)
hear, molecular weight of the fatty acids = 243.1

Thus from the data obtained by the duplicate 
eater fractionations, it can be concluded that the 
composition of the total fatty acids isi

Weight Per cent. liolal Per cent.
Laurie acid*........   0.34 (0.3̂ >) 0»-*>. 10.4/e/
—yrl stic acid........ 47.01 (47 ,0%) 49.8/ **9.9%)
Palmitic acid.......  51.C2 (51.8$*) 48.97 (49.0&)
Stearic acxd....  0.28 (0.3)*) 0.22 (0.2tc)

(0.8^) __0^52 (0.5$.)
100.00 100 T

The Mean holecular Weight of the total Fatty Acids - 243.1.



~— &EZ1IMINARY INVESTIGATION OF THE 
%YG5RID_ STRUCTURE.

As has been pointed out Ir. the Introduction, 
an acetyl value, which Is a measure of the hydroxyl 
content oi the material, may be explained by any one 
of the following pooslbllltles:

(1) the prosoneo of an hydroxy fatty acid, free 
or comoluod, Tho acid may either bo saturated or not.

id ) the presence of free alcohols (either higher 
aliphatic alcohols ur sterols) o r of some highly by— 
d' xylatod compound such as myrlcotln. In all suoh 
cases there will bo a high proportion of unsaponifiable 
matter.

(3) the presence of di— or monoglycurld0s In tho 
product, either naturally or aa a result of hydrolytic 
rancidity.in tho fat.

To investigate tho nature of tho hydroxyllc 
body In the material It is necessary to cons’ dor o.voh 
possibility In dotall or the basis of experimental 
evidence.

An unsaturated hydroxy fatty acid in tho matorial 
would necessarily result in a high iodine value to account 
fur the high acetyl value. The very low iodine value of 
the material (0.5, WIJs - 45 minutes), however, altogether 
excludes the presence of such an acid in the material.
Tho presence of a saturated hydroxy acid o,g. dlhydroxy 
stearic acid, though possible from tho ^Ant of view 
of unsaturation, was eliminated by tho acetyl value of 
the total mixed fatty acids. This termination was 
first carried out on a 1,ample of the mixed methyl esters, 
prepared for the fractional, distillation, which gave 
the low value uf 3.6. As a chock, a repeat determination
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was oar:, jd out on a samplo of mixed fatty acids to eli
minate the possibility of removal or reaction of the 
hydroxy1 group during thu drying and ceturiflcation 
processes. The mixed fatty acids, after removal of the 
solvent (diethyl other) on a watorbath, wore consequently 
drl i at a relatively low temperature (80°0.) and then 
acetylatou. Again the acetyl value obtained was 3.8,

From the saponification v'due and neutralisation 
value of the methyl esters and free fatty acids respective
ly a moan molecular weight of the fatty acids was cal
culated to bo 243.3, which agrees very well with the 
values obtained by direct titration and from the ester 
fractionation data.

The presence of free saturated higher allphatio 
alcohols, glycory 1-others, or steals can also bo eli
minated. Their general insolubility in water and ready 
solubility in other, wouli result in a high proportion 
of uneaponifiablt matter. This determination on the 
material, however, gav thu negligible value of 0.1 per 
cent. Farther, the grou> of saturated alcohols of inter
mediate molecular weight, occurs mainly in marine- 
animal oils, whilst the alcohols f hlgnor molecular 
weight, present as the esters of acids of similar molecular 
size in certain plant waxes, are eliminated by the how 
mean molecular weight of the fatty acids. .lyricotin, 
an unsaturated hydroxylic compound, known to bo present in 
the bark of Uyrioa Nagl, might have been present in the 
wax from Ilyrica Cor ii foil a, thus accounting for the high 
acetyl valuo. The very low percentage of unsaponlflabl? 
matter together with the very low iodine value of the 
fat, eliminates the possibility of Uyricotln or of some 
similar body being present in the fat under investigation.

/The*. «»»•

L



The most probable explanation, therefore,
for the hlgli acc^^l value la the presence of dV./lycoride
and possibly nonou±yce~lcLcb ir the mat or-.a l <..> ther
naturally or as ae result of hydrolytic rancidity. In
tho lautor Instance, a high aootyl value wouxd bo
accompanied by a high acid value. Experiments showed
tnat with both aethods of extraction, namely ethor-
cxtraotlon and watur--bolllng, tho percentage of froo
fatty acids was low, novor oxccoding 2*86 per oont. in
the samples Investigated. Hydrolysis had, therefore,
not set in and the abnormally high acetyl value could
not bu explained in this manner. It is worth noting

10that Smith and Wade reported an acid value of 307for 
a sample of wax extracted with petroleum ether from the 
berries of LIyrioa Ceriferu. Although in the present 
work, a higher acid value was obtained for an ether- 
extracted sample than for the water-boiled sample (6.6 
as against 2.2), it was still considerably lower than 
the value reported by tho earlier investigators. Their 
value can probably be ascribed to rancidity in tho fat, 
but no acetyl value was reported to support this sup
position.

Thus from tho experimental evidence, we can 
deduce the presence cf diglycerides, and, possibly, 
monoglycerides in the natural fat, from the berries cf 
Myrica Cordifolia. This is Indeed a rare occurrence, 
for no reference has yet been made as to the occurrence 
of dlglyoerides in natural fats which are not rancid.
This fact is further substantiated by tho hl,_.h glycerine 
and low fatty acid contents of the fat. Normally for 
triglycerides, those values anproxltnato to 10 per oer. 
and 95 per cunt, respectively, though in the oueo ur.u r

/investigation....



investigation the values obtained wore i Z ,or jont. md
90.5 por cont. fospcotlvoly.

, , 4£
According to Oj.-Un. the di. fvrcr,j cctwoun tao 

ncuoyl value o f the sample and that c i thb mixed mothyl 
otters prepared from It, correspond,” to the quantity cf 
uib'lyoeridee (and of aonoglycoridoe, if present) in the 
material.

Thus assuming, firstly, that tho mixture consists 
only of triglycerides, digiyooridos and free fatty acids, 
we can calculate the theoretical glycerine and total 
fattv acid contents from tho acetyl value of the fat 
together with the mean molecular weight of the fatty 
acids.

Acetyl value of the fat = 65.2
Acetyl value of the mixed esters « 3.6.
hoan molecular weight of the fatty acids ■* 243.1.

Thus; CKgOCOHi OK^OGORx
^HOH  »  JHOCOOH3 ---» CK3COOH  *. KOH
CKgOCORm CKoOCORo

Weight si 542.2 584.2 60. 56.1
i.e. 684.2 . .gn. acutylated product b 56 1 mgo. of KOH.
• . 1000 a, m. aoetylatod product s 1000x56.1 mgm. of KOH.

564.2
e 96.05 mgm. KOH.

Thus the acetyl value of the above diglyooride = 96,05
The acid value of the fat « 3.63.

. . faro ant a e of free fatty acids « 3.63 x 243.1 loo
56.1 x 1000

- 1.6 pur cont.

Hence the glycerides in 1 gram of fat « 0.384 grams.
Let x ~ fraction of diglyceridoe in tho fat.

(0.064 - x ) °  fraction of triglycerides in the fat.



. . 1 gram unaoetylated fat - % sn. dlglyoerldee
4 (0.984 - x) gm, triglycerides 4 0.016 ra. free

fatty acids.
But on aoetylatlon, 1 gran, of fat will yield*

" " fll5!  4 (0.984 - x) 4 0.016 grams ucotylatod
material.

“ 1.07ex 4 1 - x
Totai. weight * 1 4  C.079X grams.

The aootyl valuo of this mixture would be:

' r f 2^ * 96-05
Thus for an acetyl value of 64.4, wo obtains

64,4 " 1.0V8x _ 96.05
1 4  0.078X

64.4(1 + 0.07BX) = 1078x x 96.05
64.4 -f 5.06X « 103.5x.
• • 93.47x » 64.4
• • x “ 0.654 or 65.4 per cent.

Thus the fat consists of 65.4 per cent, d.tglycerides
33.0 per cent, triglycerides 
1.6 per cent, free fatty acids. 

From the above wo have that:
542.° gm. dlglycoridos rill yield 486.2 ra. fatty acids.

t 92 gm, glycerine,
and 767.2 gm. triglycerides will yield 729.3 ( , fatty acids

4 92 gm. glycerine.
Thus: 65.4 tpn. diglyoorides will yiolc:

65.4^466.2 gm. fatty acids. 4 65.4*92 gm. glycerine.
542.2 "

a 58.6 go. fatty acids. ~ 1...09 gm. glycerine.
Also; 33.0 gm, triglycerides will yield:
33.0̂ .729.3 gm. fatty aoidr. ^ 33.0,92 gm. glycerine.
?57.3 "767.3~

- 31.4 '5m. fatty acid-’. “ 3.96 gm. glycerine.
. . Theoretical fatty acid and glycerine contents are:

/Glycerine,
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Glycerine = 11.09 + 3.96 = 15.05 per cent.
Fntty aclde= 58.6 4 31.4 + 1.6 = 91.6 per cent.

The experimentally determined values aru 15ZO 
per cent, and 90.5 per cent . respectively. The theo-'utlsal 
saponification value o f this mixture would be:

^ 55.0 x 153.3 4 1.6 x 56.1
b4^*2 767.5 ~743';i
135.3 4 72.5 4 3.7.

” 211.5.
The experimentally determined value Is 214.7,

A comparison of the values determined experimen
tally with thoao calculated above shows that the noleoular 
weights of tiio dlglyoorldoe cannot be equal to values 
comput d from the mean molecular weight of the fatty aolds. 
For, using the mean molecular weight of the fatty acids 
and the saponification value as bases, would give a per
centage composition as follows:

if x “ fraction diglycerides In the fat.
(0.984 - x)= fraction triglycerides In the fat.

£ X 112.i
542.2

. 0,207x 4

4 (0*984 — x) x 1v .3 3
 ̂767.3

0.216 - 0.219X =
. . 0.012X «

. . Percentage dlglyceride - 41.7 per cent,
and Percentage triglyceride 3 56.7 per cent.

For this weight of diglycoridoo to account for
the acetyl value, the theoretical acetyl value of the
diglycoride would bo:

64.4 1.07c X 0.417 
1 4  0.070 x 0.117

64.4 x 1.0326
/. X

0.449X,
148.

/This.

214.7 - 3.7 
1000

0.211.
0.005.
0.417.
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iiila acutyl value is auoh higher than can bu 
accounted for in any way by a diglycoxd.de, possible from 
the fatty acid resolution data. It would appear, there
fore, tnat monoglycerides are present in the uatorla] or 
that the distribution of the fatty acids on the glyceryl 
■ adiclo la specific In the case of the diglycorideu (i.e. 
the mean molecular weight of the fatty acids in the 
dlglyooridos is not 243,l).

In order to resolve the fat into its constituent 
glycerides, systematic crystallisations from organic 
solvents were carried out. From the ester fractionation 
data, it appears that the total aired fatty acids con
sist of a practically cquiaolucular mixture of ayristio 
and palmitic acids. Based on Hlldltoh*o "rule of oven 
distribution", it was considered that the dlylyoorides 
would, most probably, consist essentially of myrlato- 
palmltln. The fat was, therefore, repeatodlv crystal
lised from the solvents, in an attempt to separate out 
pure ayri sto-palmltin.

Absolute alcohol was first used, as it was con
sidered that the solubility of the digly^erido In such 
a solvent would be increased. Repeated crystallisations 
were carried out and the saponification value determined 
on each fraction separated. Those varied from 217,6, 
for the least soluble, down to 209.1 for the most soluble 
fraction. (The saponification value of myrlsto-palmltin 
is 207.3). Owing to thu Jew solubility of the material 
in absolute alcohol, (a three per cent, solution, only, 
could be prepared at 35°C), tno quantity of material 
separated jui each fraction was too small to allow furth r 
determinations to be carried out. This same limitation 
existed when methyl alcohol was used as a solvent.

/Acetone .
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Acetone proved to bo superior to the lower 
alcohols as a solvent since twelve per cent. ,/v. solu
tions could bo employed (See page 87). ^ a l n  using t o 
ponlfiuatlon value as the criterion of purl repeatod 

* j ctalli saulons fro.a acetone wore performed. The 
•pon* float Ion value of tno fractions ga*adual d*.mlnl >-

05' (wlth docroaeo ln solubility), to a value of CCo.O, 
v'Olch agrees fairly well with that of nyrlsto-palmitln 
ae Cl';1oulated. An acetyl value determined on this 
sample, however, gave the low value of 25.7. Determine- 
ti^ns on the material recovered by evaporation of the 
solvent from the first filtrate, i.e. the most soluble 
fraction, however, ga.c the following results:

Saponification Value 216.5 
Acetyl Value 95.2

Those values seem to indicate that the dlglycurldus 
arc composed essentially of the lower molecular wulght 
acids, such as dlmyrlstln and nyrlsto-palaitin with a 
small qu/intlty of lauromyristin. Further proof of this 
statement Is found in the previous calculation. Tho 
molecular weight of myristo-palmltin is 540 and Is 
practically Identical to that calculated for a diglyoorlde 
(542) using the mean molecular weight of the fatty acids 
(243). In the calculation it was shown to do hlghl 
Improbable for the dlglyoerldo to bo only uyrleto- 
palmitin. Hence two other possibilities have also to be 
considered namely dlmyrlstln and dlpalmltin. k  large 
quantity of dlpalmltin of saponification value 197,2, 
will give the final product a comparatively low saponi
fication aluo, and thus not account for tho experimental 
value of 214.7. Thus wo may consider the diglycerides 
present to consist mainly of dlmyrlstln and m. risto- 
palnitin,

/Considering,,..
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wt.Hj.uurin.'r m e  lower molecular weight aolua,
therefore, to be chlefl) m o d  In the dlglyecrldee,
the theoretical composition and constant m y  be com-
putod as follows; assuming all the d±glycerides to be
oonposud of lauro-myrletln, dlmyrlstln and oyrloto- 
palnitln.

C32OOOG11H23 CK2CC0CllHy3
 ►  0K0C0CK. ANTCHOKt

c h 2o c o g12 .27 o h2o c o c13h 27
484 526

yHgOCOC^H^
CHOKi

CH2pC0C;L3H27 
CKOH ---<I
c h 2ococ13h 27

512

CH20C0C13K27
OHOCOCH,I ?

0h20C0C13H27
CKOCOCKg
OH2OOOC13H27

554

Cn20C0Cj_t,H3^

582.

Cr.20C0C‘j_3h32 
Kol, Weights. 540

From the ester fractionation data, wo have:
Per cunt. C.,., C14 C16 CiQ Unsaturated acids.

acids. 0.4 47.0 51.8 0.2 0.6
Considering 1000 agm. of fat yielding 90.5 per cent, 

of fatty acids:
the wolglit of launc acid 3 0.4 x 905 = 3.62 mgu.100
the weight of myrietio acid = 47.0 x 005 » 425.4 a m

100
and the weight of palmitic acid = 51.6 x 905 - 468.8 mgn

ICO
. - Weight of lauro-myr 1 stin nrosent - 5.52 % 484

200
a 6.76 agm.

and the weight of myristlc acid combined = 3.62 x 228
200

- 413 ngm.
. . Weight of ayristlc acid available for further com

bination « 425.4 - 4.1 - 421*3 mgn.
Let x “ woiglit of dlmyrlstln present.

y - %eight of myrleto-palmitln presents
/ .  . x .............

L as



0.8900% 4- 0.4225,y - 421.3------------- (l)
Bat an ncutylation, the weight of the acetylntod product 
formed will be:

6«'75x4|i 4 xx55| 4 yx5G2 4 (991,2 - x - y) mgm.4:04 Ol2 540

9.56 4 l.OGlx 4 1.078y 4 991.2 - x - y mgm.
1000.8 4 0.081x 4 0.0?3y mgm.

Thus the aootyl value of this mixture will be:

iooon r T -o-.ig I M m  H i 1
1000

1000.8 4 O.OQlx 4 0.078y 540" 532
• *53.1x2.56 , Ag.i 1% 4 56jly; a 64,4(1000.6 4 O.OGlx 4 0.078y) 

524 5X2 540 TOOC
1.02 4 0.1095X 4 0.1039y = 64.45 4 0.0052.x 4 O.OOSOy.

. . 0.1043X 4 a09S9y - 65.43.---------------(2)
Eliminating x from (l) and (2),

0.8900 x 0.1043X 4 0.0441y = 44.00
0.0900 v 0.1043X 4 0.0 60y = 56.90

. . 0.0439V a 12.90
y = 294 ngac

• • X ■“ 63.'13 — 39.0 a 34.43 a 5So. mgm.
0.1045 0.1043

I.e. total weight of diglyce .doe present = 294 4 35e 4 8,8
- 34.8 i-jn.

. , per oont. dlglycorldoe present = - 3.48 par cant, of which
33-2por cent, is dlmyristln.

Weight of palmitic acid In the diglyceride

B 256 x 294 » 139.4 mgm.
540

.*. V 0lght oi palmitic acid In the triglycerides
= 46.: .8 - 139.4 « 325.4 mgm.

Aloan



00Ular «  »>« fatty acia, roaalnlncl
" ( 3^.4,256.3 4 2 ^ 9 0 5 , 2 5 4 . 3  4 0^,905,234.4) ;

100 10° " <33^2
(34,500 4 1265 4 515) 1

)335T5
- 86200

336.2 256.5.

But the jxrcentage free fatty aclda (baeeh =„ a mean 
moleoular weight of 256.5) a 1 . 6 *  per ...t. Thle

ponae l a -e :at in the fat sample of 16.87 mgm.
>01.,.,. c. .riulyoerldee present = looo - 66).8 - 16,9.

* 1000 - 681 .7

c  3 4 8 , 3  ruga.
Henoe. to oaloulate the theoretical glycerine content 

we haves

vfi) from the dlglyoerldoa

M s !  9g 4 ^  + S21-x_92 mgm. glycerine

1.68 4 60.05 4 50.05
(b) from the triglycerides
348.3 x 92 3

807.5

lit.? aga glycerine

39.62 mgm. glycerine.

. . Total weight of glycerine » 11%.?e 4 39.82

a 151.6 mgm.
. . Percentage glycerine = 15.16 per cent.

Furthermore, the assumption made In the above 
calculation would necessarily result In a high percentage 
Ox tripalmltln. Klldltch, in a diacueslon of frult-co&t 
fate, states that in the oeee of certain frult-ocat fate, 
tripalmltln forme a definite glyceride constituent; a 
statement whioh substantiates the above assumption. The 
assumption Is further supported by saponification values 
an3 acetyl values obtained on samples separated from a 
combined acetone- - petroleum ether crystallisation process.
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The fat aample wae primarily 
i in 8 aootonu solution. The

cryGtalii- ud from a

the solvent.

Tne values obtained are as follows;
oapomfloat!on Value ^oetyl VaDue.

&UP10 A. 212.4
Sample B. 225.5 110.9.
where Sample A = the most insoluble fraction f.om the

and Sample B « the most soluble fraction in acetone.
These values can only be explained by assuming 

too presence of lower molecular weight diglyooridee or 
the existence of monoglycerldea in the material.

It would, therefore, appeal* that a fair pro
portion of the palmitic acid is combined ps tr.lpalz.iitin. 
Generally, earlier investigators seem to agrno t.liat
■Myrica Wax’* contains tripalmitin. An experiment p02>.10
formed by Smith and Wade was repeated by crystal1 Using 
the fat successively from petroleum ether. They claim 
to have aepax .tod tripalmitin after lour crystallisations 
from petroleum other. (Molting point- 62,5°0, Saponifica
tion Value-209.4, Rofrnctlvo Indox - 1.4380).

After the f* *h crystallisation by the author 
a product was separatee, showing the following constants: 

Saponification Valuo - 203,1; .olting Point - 63.0°C; 
Refractive Index (N)gC°v- 1.43*2; Acetyl Value - 105.4.

These values are in good agreement with tho • 
reported by Smith and Wade except that it allows the very 
high f.cetyl value of 106.4, indicating quite conclusively

petroleum ether crystallisations.

/t'-'nt
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t-at tne material separated ould not have been tri- 
paizaitim. euch Smith sû d Tad a worked on the wax
obtc nod from % n  'erj it has been pointed out
by several Investlk^ c .hat the constant, of Berry 
'aX nre wltyLLn the ranges noted for Myrtle Wax, and 
tne author, therefore, feels that the olalm made by 
Smith and Wade to have separated trlpalmitln from the 
f<lv# 18 invalicL. It would bo appropriate at this xgo 
to note a statement made by Hilditoh that "before de
ciding on the identity of any glyoe/Xde as m n y  constant, 
16 P°seiblo should bo duteruinod or the sample*,

Puve ory u t alii cat ions, ir. all, ^oro carried out 
at concentrations varying from 1 in 5 ml, to 1 in 17 rrl, 
o- petroleum other. The results obtained on all frac
tions are tabulated below;

The samples are tabulated in the order of their 
solubility in petroleum other.
Sa-noio Weight Saponification Value Acetyl '
A 20.3 gm. 232.5 56.0
3 11.2 gm. 229.3 44.0
0 17,3 gm. 215.1 33.1
D 20,2 gm. 228.0 51.5
E 5.9 gp. 227.6 56.5
7 2. 5 gm. 225.9 75.0
0 9.2 gm. 209.1 106.4
n 2.7 gm. 220.0 105.5
I 57.5 gm. 

127,0 gffl.

199.1 106. 3

Since the values obtained on certain fractl)
as tabulated above, are difficult to Interpret, a 
systematic crystallisation of the fat from anhydrous 
acetone was ca -rled out. The general procedure adopted

/was....



was similar tj that previously used (see pa[;e 8? ) # the 
concentrations of the solutions decreasing from 1 in 6 ml. 
to 1 in 26 ml, of acetone. Saponi fication and acetyl 
values wore detoralnod on each fraction, ae well as the 
mean molecular weighte by a modification cf the Hast 
motiio 1, (oeo page 69) and the results obtained are 
tabulated below. The fractions arc again reportod in
the order of their solubility in acetone.

» 4 llean
leliht Sap.Val, "P.S.V2 Acetyl Val. "P.A.Vi? Mol. f«OH.

Weight. •
16.2 215.0 3503 102.2 1656 512 3.36
8.9 215.8 1922 103.7 923 503 3.42
9.5 215.6 2047 08.94 845 522 2.88

23.8 216.6 5156 83.83 1597 601 2.71
7.4 215.0 1592 92.04 682 548 2.99

20,2 217.0 4384 92.15 1865 * 541 3.00

11.1 218.6 2413 80.00 904' 582 2.61

28.1 217.6 6116 72.52 2040 635 2.32

21.3 214.2 4563 68.30 1456 599 2.18

11.4 211.3 2409 61.44 701 622 1.95

6.5 210.3 1387 54.05 352 650 1.71

4.8 210.1 1009 62.44 301 712 1.98

41.6 210.0 8740 14.32 600 770 0.44

210.8 gn. 45221 14320 2.19

* P.8.V. - Product,, Sap, Value x Weight.
4 P.A.V. “ Product;, Acetyl Value r  Weight.

Proa the product values, the saponification
and acetyl values of the original fat should bo 214.5
and 66.0 respectively. The differences between these 
values and those obtained directly on the main sample, 
(namely 214.7 and 66.2 respectively), are within the 
limits of experimental error.

/Prom.....
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From the acetyl voiuoe. It le obvious that eaoh 
fraction muet contain a certain proportion of clglyoorldee 
or possibly moncglyosrliea. Further, the mean aoleoular 
weights obtained, except for the final two fractions, are 
all 1-ss than can be aoow.vnted for by any triglyceride 
lortned from tne aoids present* Again, the values ob- 
talned for the first two saaples are lower than can bj 
attributed to any dlglyoeride and would therefore in
dicate the presence of monoglyoerldes.

A .urt^ior check on the proposed diglycei ide 
constitution of the wax is found in the percentage of 
hydroxyl yroup in the fat as calculated from the values
tabulated, *nus from the fat analysis we have;

"Mols."-•'or cent, glycerine » 15.3 per cent. 0.166 1
Per cent. Fatty

acids. = 90.5 yer cent. 0.377 2.25
Per cent, hydroxyl

group. a 2.19 per cent. 0.12S 1,76
This gives a total number of molecules attached 

to the glyceryl radicle as 3.01 molecules, which xurther 
proves the deduction that the wax must contain natural 
diglyoorides.

The percentage of hydroxyl group in the wax may 
be calculated as follows;

Hydroxyl Value •=» Acetyl Val ue(A)
1 - 0.00075 AT

Considering the whole wax; Acetyl Value « 68.2.
. . Hydroxyl Value » 68.2

T - O.bCOi'5 x 68.2

70

« 71.9.

But the Hydroxyl Value » the number of ailligi'.ias 
KOK equivalent to the hydroxyl groups in one gram of wax.

/i.e. 71.9........
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I.e. 71.9 mgm. w -OH m  l gra.n of ,ax.
. Sut 56.1 aga. XOK = 17 mgm. of -OK.

" * T?oight of -OH/'rajn of waic = 71.9 x 17
56.1

c 21.9 mgm. of -OH.
* * Percentage of -OK » 2.19 per cent.
T:us It aeons possible that by using the 

saponification and acetyl values and the mean molecular 
v-'eights cf the fractions, a probable composition of 
eaoh fraction may be computed. Further, bearing In 
mind that the lower molecular weight acids are probably 
combined, chiefly. In the dlglyocrldes, such a com
putation may bo carried out as follows:

Consider for example fraction 0- of saponifi
cation value 216.6, Acetyl value 80.0 and a mean 
molecular weight of 582.

In suon a calculation. It is assumed that eaoh 
Inaction consists of only two constituent glycerides, 
one dlglycorido and one triglyceride. Although there 
in no evidence to substantiate this statement. It is 
obvious from the tabulated results that each fraction 
must at least contain one dlglyceride and one tri
glyceride. An acetyl value of 80, would Indicate 
approximately 80 per cent, of dlglyccrides In the 
fraction since the acetyl values of all the possible 
dl'lyceridoc are about 100. Hence the saponification 
value of the dlglycorido In question must necessarily 
approximate to 215 - -16, rhc only glycerides possible 
being Imyridtin at 219.0 and myrieto-palmitin at 207.6. 
Dlayrlstin, on the one hand, would require a triglyceride 
of eaponlf.i nation value loss than 215, the only possibility 
being tripalaitln, whilst myrj jto-palmitin would require 
a triglyceride of a much higher saponification value than 
215 e.g. trlmyristin 252.8.

/Thus.....



Thua these two possibilities exist which oar. 
oo considered separately from the saponification value, 
acetyl value and uean molecular weight determinations.

.a, uonaiduring the fraction to consist of myrlsto— 
palmitin and trimyristin.

Lot x » weight of myrldto-palmitln.
(Sap. Value - 207.6,Acetyl Value ~ 96.1} 

(11.1 - x)~ Weight of trimyristin. (Sap. Value - 232,8)
(1) According to the Acetyl Value

x = dQ x 11.1 - 9.24 gu.06.1
t \ to(2) According /the Saponification Values.

x x 207.6 4 (11.1 - x)232.8 « 11,1 x 216.6
25.2X = 11.1 x 16,2

x = 7.14 gtn.
These results indicate that it is highly im

probable for thy fraction to consist of myriato-paimltin 
and trimyristin. Using palmito-dlmyriatln in the above 
calculation will give even a lower value for x when 
calculated from tho saponification values.

(b) Assuming the fraction to consist of dlayrietin 
and tripalmitln.

Lot x « weight of dimyristln.
(Bap. Value - 219.0, Acetyl Value - 101) 

y = weight of tripalaltin.(8ap, Value - 206.5)
(1) According to the Acetyl value

x 3 30.0 x 11.1 " 8.78 grams,
101

(2) According to the Saponification values.
X x 219.0 4 (11-1 “ x)208.5 3 11.1 x 216.6.

. . 1C.5X - 6.1 x 11.1
x » 8.56 grams.

/(3).........
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a 580#

13 560
= 227.
a 6.52 g^vms.

Tho s-a*ll difforo ;ooa in tho rcsulfscan easily 
bo oxplainod in that it is improbable that the fraction 
consists only of dlayristir. and tripolaltir. Other 
nizod triglycerides will 1 o present but it is quite clear 
that tho major constituenta must bo dlay^istin and tri- 
pa Imitin.

A complete tabic is not drawn up in this fashion
since calculations indicate the presence of more than 

certain
two glycerides in/fractions. Although tho major con
stituents in each fraction may be determined, the data 
at our disposal is not sufficient to warrant the attempt 
of a complete calculation.

Consideration of the results obtained on fraction 
M, will show it to bo primarily tripalmitin with a small 
proportion of diglycerides (Acetyl value 14.5). Further 
the results, as shown, for fractions A and 3 cannot easily 
be explained In the above manner, and it would appear that 
monorlvcorides may be present in .hose fractions to 
account for the very high acetyl values. This is re
inforced by a consideration of the results of tho pre
vious table, (see page 58) for tho petroleum other 
crystallisations. There, three fractions were separated 
with acetyl values exceeding 105. The only possible 
explanation that can be given is by assuming acnogly-
oerides to be present.

It, therefore, seems quite definite from the
experimental results that the fat under investigation

/consists....,.

-JU- x 512 4 (11.1 - x) l>07
1 1 11.1
46.2X 4 807 - 72.7x

. • 26.5x
x
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consists of a alxturo of diglycerides and triglycerides
vogetner with a s iall proportion of monoglycorides.
e art.ier It would appear that a fair percentage of trl—
palaitln is present together with diayrletin and uyrlsto—
palmitin. as the major diglycerides. The presence of
simple glycerides in natural fats, though contrary to
the "rule of even distribution" has been proved by
recent workers in the case of cottonseed, soybean,

50 47 47
linseed, palm and olive oils.
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L^rs.

Before concluding the dlyousslcn on Berry 
Tax, it 18 necessary to consider possible uses for this 
material.

16
Chittenden and Smith,stating Berry Wax to 

consist essentially of trlpalmitin, suggested its possible 
use as a source of palmitic acid.

Another application of Berry Wax repeatedly
referred to is its use in the oandlcmaklng Industry.

19
Abderhalden merely points to its use in this respect 
without elaborating on the general efficiency of the
candles so produced. It was also suggested as a suo-

23stitute for beeswax, Jamieson, too, only mentions Its
use along with other substances in the manufacture of

21candles. In another publication, it is pointed out* how
ever, that its low melting point might render Barry Wax 
unsuitable for this purpose, although the candles made 
from this wax are stated to burn slowly, with very little
smoke and to emit an a rroeable balsamic odour: they

51
arc, however, reported to give a poor light. It is sug
gested that the wax should be mixed with an equal pro
portion of tallow in order to make the candles b u m  more 
brightly. When used for the adulteration of booswax, 
it is stated that the resulting product does not assume the 
same polish as pure beeswax when rubbed,

A second important application of Berry Wax
is as a general soapatook; giving a hard, ivory-white

23 51 52soap with an agreeable odour and of splendid quality/" '
A firm of soap-makers in Durban, however, reported in 
1915 that after investigating the possibilities of Berry 
Wax in this field, found it to bo unsuitable for the 
Ufl|; It seems, however, that it has been used for 1 rUon-

/ing.....



an.* priaervlns otner eoape. The general Impression 
oald appea^. w  De tiiat Its high price largely militates 

against its Turthor use In this field.
A laird major use for Berry Tax, and one 

in vnioh it is still applied today, .s in the polishes 
Industry,' Although it has boon referred to as a 
rivni for Camauba Wax in the manufacture of Hot-crc '<a, 
floor-pollsh etc.. Its low molting point renders this 
claim extremely Improbable. Generally, though, manu
facturers of floor-pollshes, who have tried Berry Wax, 
maintain tnat It lacks certain essential properties 
iO.r use In manufacturing polishes. In the Western 
Province, Berry Wax appears to have been used by local 
houso-holders In conjunction ^Ith paraffin wax for 
i'loor-pnlish and to some extent for boot—cream.

The cost of Berry Wax over a period of 
about 40 years has fluctuated considerably. In 1906, 
it sold at about 2C/- per owt., but in the years fol
lowing a tremendous interest developed in this product 
resulting in a price increase up to 11.4 pennies per 
pound in 1915. A marked depreciation in ths value of 
Berry Wax then took place, dropping to 5^ pennies ur 
pound in 1922, a price which furnished little induce
ment to collect the wax. Today, with Berry Wax quoted 
at 2/3 per pound, it is used, only to a small extent, 
in the polishes industry.

Another industry that might favourably 
employ this material is the cosmetics industry, where 
its hardness, smoothness and fairly low molting point 
would indicate its use in lipsticks and creams. It
has also been found to be an excellent material for use

16in oil-bathe in chemical laboratories, being prefx



to paraffin-wax as it can be heated to a much higher
(300°G) without eolttlng any obnoxious 

vapours and bocauso it has a vary high flash-point. It 
is further suggested by the author, that Berry Wax night 
iind apj -1 cat.4, on, after roflnlng and doodourl sat ion, in 
tho manufooturo of ”auperglyeorlnatod" shortenings for
nanufaoturing cakes, sweet yeast doughs and similar

 ̂ 53
products. The oil was also found to be an excellent 
emulsifying agent.

It seems quite definite, though, that the 
Forestry Department would not tolerate unrestricted 
exploitation of the berries, as tho shrub liyrica Cor- 
difolla, abounding on the sandy flats along tho South
western and Southern coasts of the Cape Province, ex
hibits excellent sond-blnding qualities. It thus forme 
an important auxiliary in the fixing of tho sand-dunes 
for when properly established, it puts an end to the
shifting of the sand by constantly pushing new shoots

28through the accumulating dunes.
Summarising, wo can stato that tho only 

industrial use for Berry Wax today appears to be in tho 
polishes industry though use in the cosmetics and food 
industries indicates definite possibilities. Its high 
price excludes its use from the ooap industry as well 
as from candleaaking, whilst its low molting point ren
ders it further unsuitable for tho latter uoe and ao a 
general substitute for Camauba Wax. Although tho melt
ing point of tho wax increases by some 3°C over a 
period of about two years, it is considered that this 
change proceeds too slowly to be of any. Industrial 
importance.
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CQNGU I ON 6.

1. Cape Berry Wax oonsleta of a mixture of
uuridea, triglycerides, a scall proportion of free 

A^u^y ac1<5s, possibly aonoglyoerldes and a trace of un— 
saponifiable matter,

Gho fatty acids present consists essentially 
'-Ppfoxi.iaatoly equimolocular proportions of uyrlntlc 

(49.3 mol. per cent.) and palmitic (49,0 nol. per cent.) 
acids. The minor component acids are lauric (0,4 mol. per 
cent.), stearic (0.2 mol, per cent.) and a monoethsnoid 
aoid, probably palmltolelo (0.5 mol. per cent.).

3. The wax has an abnormally high acetyl value,
54which was first reported in 1940, and which forced *hb  

basis of this Investigation,
4. The specific gravity of air-free samples

approximates to that of water at 15°C.
5. The specific gravity, melting point and

refractive index increase with ageing thus Indicating 
the probability of polymorphic changes.

6. Possible ases for the wax are in the manu
facture of ”superglyoorlnated* shortenings, and in the 
cosmetics industry. It is c a excellent emulsifying 
agent. The wax is not, however, suitable for the oanu- 
facture of high-grade polishes.

7. There seemc to be little or no change in 
the composition of the wax once the berries have riper ad.

8. It has an abnormally low interfacial tension
against water at 55°C*
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CONCLUSIONS.

1* 3aP Berry Wax consists of a nixtura of
dl$Lyoerldea, trlglyoerldos, a eaall proportion of free 
fatty acids, possibly aonoglyooridos and a traoo of un~ 
saponifiable matter.

-• The fatty acids present consists essentially
ol approxliaatcly equlaoluoular proportions of myrlstlc 
(49.9 mol. per cent.) and palmitic (49.0 mol. per cent.) 
acids. The minor component aoids are laur^.o (0.4 mol. per 
cent.), stearic (0.2 mol. per cent.) and a aoncethenoid 
acid, probably palnltoleic (0.5 mol. per cent.).

•3. The wax has an abnormally high acetyl value,
54whica was first reported In 1040, and which formed the 

basis of this Investigation.
4. The specific gravity of air-free samp1ee

approximates to that of water at 15°C.
5. The specific gravity, melting point and

refractive Index Increase with ageing thus Indicating 
the probability of polymorphic changee.

6. Possible uses for the wax are in the manu
facture of *superglycorlnated* shortenings, and in the 
cosmetics Industry. It Id an excellent emulsifying 
agent. The wax is not, however, suitable for the manu
facture of high-grade polishes.

7. There seems to be little or no change in 
the composition of the wax once the berries have ripened.

8. It has an abnormally low interfacial tension
against water at 55°C«
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^£TK0D3 OF ANALYSIS.

Where the methods used are standard, no 
comment la made except for giving a reference to that 
particular method,

A. PHYSICAL CONSTANTS.
551* Sped fic 'lravj.ty.

The specific gravity was determined using a 
specific gravity bottle. Since the resulte are reported 
as and an accurate measure of the weight of an
equivalent volume of water at all temperatures is essential. 
Distilled water was boiled and then coolec. under vacuum.
When not in use, the vacuum over the water was maintained 
to prevent solution of air. Nevertheless, frequent 
evacuations of the bottle wore essential to ensure ah 
air-free sample of water for all determinations. As these 
wacer determinations were only carried out at the lo*?er 
temperatures, immersion in a thermostatically controlled 
waterbath for half-an-hour proved to be quite sufficient 
for attaining thermal equilibrium. The bottles were then 
cooled for twenty minutes in cold water, dried and weighed. 
An accurate graph, as shown, can thus be plotted of the 
increase in volume of the specific gravity bottle witn 
temperature. The curve, bein' a straight line can thus 
be extrapolated to any temperature up to the boiling viint

of water.
In all the specific gravity determinations, 

a maximum deviation in temperature about the required 
value »ae mlntalnud at J 0.05°C b.lo. 60=C and i °.1°C 
above 60°C.

The wax determinations au 50 C and higno
woro carried out exactly in a similar manner. The major

/wax## # # #
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wa.i samplu „aa maintained molten at about 60*0 to oxclcie 
as muon dleeolvod air as possible.

The spoolxV.o gravity bottles, after Intro
ducing the etiiaples, v/oru loft In an ovon, at the same 
tea* vauare as that at whioh the determination was being 
carried out, tn v one hour. Tha bottles, after filling 
them completely, wore then transferred to the thermostat 
and loft for one hour. The bottles were then allowed to 
cool, t .ret in air and then in cold water, for half—an— 
hour, dried and weighed. After each determination the 
bottles wore left in the oven for at least an hour before 
the determinations wore repeated. Thus having determined 
the weight of wax at t°C and the corresponding weighto 
of water at t°C and 15°C, and could bo calculated.

To dotormino the specific gravity of the 
solid wax-cake, a different procedure had to bo adopted. 
Briefly the method was as follows: a sample of wax ?as
Introduced Into the specific gravity bottle, allowed to 
cool, and weighed. The bottle was then filled with water, 
evacuated and Its weight determined at any particular tem
perature at t;)C. Hence from the weight of the wax-c-ko 
and the corresponding weights of an equivalent volume of 
water at t°C and 15°C, the specific gravity could bo cal
culated.

Ai. has boon noted previously, considerable 
difficulty <?as experienced before reproducible results 
wore obtained, and various modifications of the general
procedure were adopted.

After introducing the samples, the specific 
gravity bottles wore iof* in an oven at fi0°0 for an hour 
to expel the enclosed air. The samples wcr? then cooled 
atmospherically and the specific gravity determined.

/in*«...•



In the following eeriea of doterBlnatlone, 
tho ftuao procedure wae adopted exoopt that in thu ono 
case, tho aamplos wore coolod suddenly by plunging them 
into cold water and in tho other case, very slowly by 
indorsing tho bottles in a boakor of water at 80°0 and 
allowing it to ooul slowly to room tomperaturo. In 
oach of tho above cases, tho bottles were evacuated after 
filling with watur so as to ronovo the trapped air.

The noxt modification consisted in cooling 
tho wax sample under vacuum. Tho same preliminary pre
cautions were adopted as before and the cooling was 
carried out both very slowly and rapidly as described 
above, though for most reliable results it was found 
that atmospheric cooling under vacuum was preferable,

Tho .othod finally arrived at was as follows, 
Tho sample of wax was introduced and tho bottle jeft to 
stand in an oven at 80°C for at least an hour. This was 
essential otherwise bubbles formed on tho wax surface, 
through air escaping, whilst cooling under vacuum. Such 
bubbles immediately introduced an error and tho samples 
had to bo discarded. This preliminary heating ensued 
that the sample had a smooth surface free from pits.
Tho sample .was then ooolod slowly under vacuum, t.uu 
cooling being completed in^oold watorbath, Tho bottle 
was dried and weighed, about half the required amount 
of water introduced and the bottle and its contents 
ovacuatod until no turthor air bubbles oscapod. (Tho 
vacuum mas maintained at a oufflolontly low value to 
prevent boiling of tho water). The ooctlo wae filled 
completely and Its weight determined after leaving In a 
thermostat until thormalAqulllbrlum was established.
The bottle was then re-evacuated and the Might deter-

/ujLiiod # # # e *
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alnod aftor leaving In tho thoruoatat as boforo. This 
operation 'vas repeated until concor&ant results wore 
obtained - usually two or throo tlaes.

Por oaoh doternlnavten tho bottle was left 
In the thermostat for an hour and then cooled for half- 
an—hour before weighing. In all oases, tho samples were 
introduced through a long, thin-stemmed funnel to keep 
tno wax off the upper sides of the bottle as much as 
possible, since such a film of wax split off in small 
pieces whilst evacuating tho sample with a resulting 
loss of material.

Over the plastic range 35 - 50°C, considerable 
difficulty was experienced due to partial fusion and poly-* 
morphia changes. Tho results obtained wore unreliable 
and are not reported,

322, Refractive Index,
The Refractive index of the sample was deter

mined to sodium light using the direct reading Zeiss 
A"ob6 Rofractomoter with temperature controlled prisms.
Tho Rofractomoter was standardised against pure, air- 
free distilled water at 20°C. The oil sample, introduced 
between the prisms, was allowed ample time to attain the 
temperature of tho apparatus boforo a reading was taken.
Tho temperature control on the instrument was maintained
to within 0.1°C.

The ohnngo of refractive index with tempera
ture was determined over tho range 40 - 80°0 and plotted 
a.' shown in tho graph facing page 15,

56
5. jolting J oint p X l M '

Tho wax sample was melted, thoroughly mixed, 
and the capillary tubes dipped into the molten material

/so.....



b o  that tho noltod sample rose to a height^)£ one oontl- 
aotor In the tubes, Tho onds of thu oapillary tubes 
wore then oarofully fucod and allowed to oool. Tlio tubes 
wore loft overnight in a refrigerator at about 1S°C, and . 
tho melting point of the wax determined in the usual way,

5?'i. Optical Activity.
This was determined to sodium llgnt in tho 

usaal manner, using a solution of tho wax 3n chloroform.
The determinations wore all made at a temperature of 
20°C. The Instrument used was a Winkel-Zeiea research 
typo polarimeter,

71
5, Titer of tho Fftttv Acids.

About 50 ,?ams of fat wore saponified with 
caustlo—glycerine solution; diluted with water and thu 
acids split by the addition of sulphuric aoid solution 
(30 per cent, by weight). Thu aolde wore then extracted 
with bthor as described under 7(b).

Tho apparatus used Is described by Jamieson 
and consisted of a wido-nouth bottle (450 ml,) litued 
with a stout 6" x 1" test-tube by means of a good 
quality cork. Tho bottle and test-tube containing the 
molted fatty acids, wore fixed in a two liter boaxer 
which was filled with water at 20~0 to a level one 
centimeter above that of the fatty acids. A stirrer 
and titer thermometer were then inserted into the tube 
and the acids stirred at a steady rate of 100 up-srO- 
down motions pur minute. The stirring was continued 
until the temperature remained constant for 30 seconds 
or began to rise within the 30-sooond Interval. The 
stirring was then discontinued and the maximum temperature 
recorded by the thermometer, noted.



Surfaoo and Intnrfaclal Tcnalonflr 
Tho surface tension against air and the 

Intoj racial tension against water were both dotorained 
at o5 C using tho du Nouy direct reading teneiouotc r,
A platinum—lrldlum rln̂ ;, six centimeters in diameter, 
was used in all oases. Tho ir.struaont was first stan
dardised oy supporting different weighte on tho ring 
to create tie pull on the wire. This pull on tho in
strument waa balanced by applying a t.rquo to tho wire 
givon by;

*> “ E
whoro K =» weight In milligrams used.

g = acceleration due to gravity
- 979,5 cm,/sec.2 

L a 6.001 on. (mean diameter of the wire). 
The lengths o ’ tho torsion arms wore then 

altered until tho scale reading corresponded to tho above 
value. The instrument was then chocked against pu^o 
distilled water at «22°C.

i’or best results, extreme cleanliness of all 
apparatus used must bo ensured. To this effect all glass
ware used was boiled with a strong chronic acid solution, 
thoroughly washed with distilled water and dried with 
filter paper. The ring, after cleaning with chromic 
acid solution and rinsing with distilled water, was heated 
to bright redness in an alcohol flame, Tnls procedure 
was repeated after each dotomlnfttlon#

/S. Chemical



B. CHSLIICAL CONSTAIMS.

"1. Acid Value.
About te. graja of fat were accurately 

weighed in a 200 ml. Erlenneyer flask and dissolved in 
50 ml. of boiling neutral ethyl alcohol (95 per cent.). 
Thu mixture was then thoroughly swirled and Immediately 
titrated with aqueous declnomal caustic potash to 
phenol phthaleln indicator, swirling the mixture 
vigorously throughout the titration. The endpoint was 
taken when the pink colour persisted for one minute•

In all cases the acidity was reported as 
milligrams KOH per gram of fat.

2. Saponification Value.
About 2 grams of fat wore accurately weighed 

in a 200 ml. Erlenmoyor flask, six drops o * a one per 
cent, alcoholic solution of phenol phtnaleln indicator 
added and the fat saponified under reflux, on a boiling 
watorbath for % of an hour, with 30 ml. of approximately 
oenlnormal alcoholic caustic potash. - (added from a 
burette at a definite rate to ensure constant drainage.) 
The flask was swirled at intervals during the saponi
fication. At the end of the rofluxlng period, the flask 
was raised from the watorbath, the condenser washed down 
with 25 ml. of neutral ethyl alcohol (95 per cent.) and 
allowed to drain for one minute. The excess alkali was 
then baok-titratod with aoalnormal hydrochloric acid

solution.
Two blank determinations wore carried out 

concurrently with the toots, ono treated before the 
samples and ono after; the agroonont In the a d d  baofc- 
tltrotlons maintained .Ithln 0.03 ml., or tho deter
minations rejected. Tho saponification value. In terms
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of ailligrons KQH required to aapoMfy ono gran of fat, 
was thon oalouXated.

3, A cocy'l Valued*
The method was standardleod for five gram 

aanploe, though with a suitably modified apparatus, 
eampxeti as auall as one gî iu were used slnoe comparative 
determinations showed that the use of one gran samples 
for acetylatlon In stead of the more usual five to ton 
gran samples In no way impaired the accuracy of the 
results*

59Using the special flask, the sample was 
acotylatod by refluxing 5 pi. of wax with an equal volume 
of aoctio anhydride in an oll-bath at 140 - 145°0. for 
two hours. Tho flask and Its contents wore allowed to 
cool to about 100°C, 50ml. of boiling distilled water 
added and the whole boiled In the oll-bath at 100 - 105°5 
for 15 plnutes, bubbling a slow stream of carbon dioxide 
through the mixture to prevent oxidation and to minimise 
bumping.

The water was then siphoned off using a 
sir-hon of barometer tubing with the end of tho shorter 
limb ground to fit Into ";ho depression at tho bottom of 
tho flask. By this means an almost quantitative 
separation of tho two layers was effected. The boiling 
and siphoning processes were then repeated twice. After 
the third boiling, the acetylated wax was washed twice 
with 50 ml. portions of hot distilled water (50°0) In 
the same vessel. This was done by shaking well with 
water and allowing the two layers to separate, siphoning 
off tho aqueous layer and ranovmg the droplets of water 
adhering to the sides of the flask with a spill of

filter paper.
/..ft or......



Aft or f'.o socond washing, a graa of anhydri us 
so dim sulphate was shaken with the aootylated product 
walcz was then allowed to stand for at least an hour and 
tho product filtered In an alr-ov ar. at about 90°C using 
a Ihatnan No. 4 paper, not greater than 7 cm. In diameter, 
and a stemiese funnel. By this means losses «ore minimised.

The saponification value of the aeetylated
product was than determined as in (2) above, and the

58aoetyl value calculated from tho formula.
A. 9 S1 - 3

1 - 0.000-75 x 8
where A = aoetyl value.

31 B saponification value of tho acekg atod
sample.

and 3 =* saponification value of the original
sample.

4, U.,oaponlflablJ Hat tor.
About 5 grans of wax, accurately weighed 

out, wore saponified with 5 ml. of a concentrated alkali 
solution (10 grams KOH in 10 .ml. water) added to 30 ml. 
of ethyl alcohol (95 per cent) for one hour under reflux 
on a boiling watorbath. Tho solution was ooolod, 50 ml. 
of petroleum other (Bolling range 30 - 50°C) added, : . 
flask shaken and the contents transferred to a 250 ml. 
cylindrical separating funnel. The flask was rinsed with 
a further two, 25 ml., portions of petroleum other, each 
washing being added to tho separating funnel which was 
then roll shaken for one minute, rapid’y twirled and
the layers allowed to separate.

Tho sc-f layer was run >ff and extracted
wl%h a further four, 30 ml., portions of petroleum other,
uniting all the extracts. The combined other extracts
were t L  washed with water until free from alkali to

/phenol....



pnenol puv^aleln* In the event of an emulsion forming 
during washing. It was broken by the addition rf a small 
quantity of anhydrous sodlun sulphate. The extract wap 
then dried with anhydrous sodium sulphate for two hours 
and filtered through fat—free filter paper Into a tarob 
300 nl* Erlemaoyor flask, washing out tho separating 
funnel and filter with throe successive 25 ml, portions 
of petroleum other, Tho solvent was then oarofully dis
tilled off on a watorbath and the residue dried to con
stant weight at 95 - 100°G in an air-oven.

It is important that tho stopcocks and 
stoppers of the separating funnels bo lubricated with a 
lubricant, insoluble in petroleum other,

605, Iodine Value,
All iodine values wore determined by the

11Ja method.
About 0.4 - 0,5 gram of wax was accurately 

weighed Into a clean 1" x i" sample tube and tho tube . 
transferred to a clean, d,ry iodine value flask, 10 rra. 
of carbon tot rue 111 or! do wore ad od to dissolve the >/ax 
and then 15 ml. of TTlje solution run In slowly and at a 
constant rate from a burette, taking oare not to warm 
tho solution during handling because of tho high oocxfloien 
of expansion of acetic noId. Tho flask was tnon tlunt.> 
stoppered and sealed with a few drops of potassium iodide 
solution. It was thoroughly swirled and allowed to 
stand in the dark for exactly 45 minutes, swirling twioo
during the first ton ninutoc.

iOal. of a 10 per cent, potassium iodide
solution wore thon addod to tho annular opnoo around
tho stopper and tho flask carefully opened, allot Ins the
solution to n m  dotn tho sides. 50 nl. of cold distilled
eater tore then added, pouring It over the stopper and
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down the sidog of the flask. The liberated iodine v/aa 
'-l8n immediately with declnoraal aodlua thlo—
sulphate solution to etaroh Indicator in the usual manner. 
Two clank determinations were carried out simultaneouslyf 
under exactly the same conditions, with each aeries of 
determinations, one before and one after those containing 
the wax samples. This precaution was taken to ensure 
the detection of any appreciable temperature change 
taking place during the addition cf the Wljs solution 
to the sample.

From the titration figures the iodine values 
were calculated, the results being reportoq "8 grams 
iodine absorbed per 100 grams of wax. 

flja Solution.
13 grume of resublimed iodine wore dissolved 

in one litre of glacial acetic acid (not loss than 02,5 
per cent.) in a one litre round-bottom flask by warming 
on a watorbath, keeping the mouth of the flask loosely 
plugged with cottonwool to prevent a<_sorption of n o tct tro.
The solution was coolod to room temperature and ^0 «1«
transferred to a glu^o—stoppered bottle, ruro dry 
ohlorlno gas was then parsed through the remainder in the
flask, until the colour Just changed from doo^rcd to
amber. The chlorination was then discontinued, the rC 1. 
of iodine solution added, (the cc ir e anging to a pule 
ruby-red) and the resulting solution uransferred to a 
brown g l a s s - stoppered bottle and stored in the dark.
Any solution more than a month old was rejected

i the titration of 10 k  , of the iodine
solution against doclnormal - l o ^ p h a t o  solution was 
n ml., then the titration of 10 ml. of the chlorinate■ 
solution (adjusted if necessary), lay between (2n - 2.5:



and .in al. to oneuro t ic abeonco of iodlno trichloride.

6* Yolatilo AcId el

Aoout 5 grans of the sample were accurately 
s-lyhcd Into a .500 al. flat—bottom flask and completely 

saponified (indicated by the mixture becoming homo
geneous) with 20 ml. of glycerino - caustic soda solution 
(20 ml, of a 50 per cent, w/w caustic soda solution 
added to 180 au., of pure glycerine) with slight war ng. 
130. ml, of freshly boiled water wore added, followed 
by 10 ml, of dilute sulphuric acid solution (20 ml. 
sulphuric acid in 100 ml, water) and about one gram of 
powdered pumice. Without previously molting the separated 
fatty acids, the solution was distilled using the standard 
apparatus for the Reichert - Meisel and Polensko values} 
The flame v/as jo regulated that 110 ml. of distillate 
were collected in 30 minutes. The flame was removed 
when the 110 ml, distillate had been collected and a 
25 ml. measuring cylinder substituted so as to collect 
any drops of distillate that fall later. The contents 
of the receiver - flask wore thoroughly mixed and the 
latter immersed alracst completely in cold water for 15 
minutea. The distillate was then filtered and 100 ml. 
of the filtrate titrated with decinomal caustic potash 
solution using six drops of phenol phthaleln indicator.
The pink colour persisted for two minutes at the ond- 
oolnt. A blank determination was carried out to correct 
for impurities in the solutions.

Reiuhert-Meisal Value » ml. of decinormal 
caustic potash solution (after correction for the bl'nk
determination) x 1.1.

The remainder of the soluble acids were
then removed from the insoluble acids upon the filter
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papur by washing with throe eucoesslvo 15 nl, portions 
wat̂ .* previously passed through tho condenser, tho 

r.10 ml, receiving tlaak and tho 25 ml. measuring cylinder. 
Tho insoluble acids woro then dissolved by passing throo 
Buccossivo 15 ml, portions of noutral othyl alcohol (95 
poi oont.), through all tho previous containers and the 
flltur. The combined alcoholic washings woro then titrated 
with decinormal oauotlc potash solution in the same, 
manner as noted for tho soluble acids determination.

Polonsko Value ■ ml. declnormal cnust)c 
potash solution required for neutralisation.

7. Total Fatty Acid Content.
This determination was carried out by two 

different methods:
(a) Wax-cake lethod.

About 8 grams of fat, accurately weighed, 
were saponified with 3 grams of caustic potash in 60 ml* 
of ethyl alcobt1 for If hours on a boiling waterbath.
The alkaline soap solution was then quantitatively trans
ferred to an 800 ml. tall beaker, containing a glass rod, 
and the solution dissolved in 500 ml, of hot distilled 
water. Several drops of methyl orange indicator were 
added and the fatty acids thrown up by the addition of a 
slight excess of 1 : 1 sulphuric acid. The beaker was 
loft on tho boiling waterbath, stirring frequently until 
tho fr H y  acid lay or was clear, when a wolghad quantity 
(about 20 grams) of rood quality beeswax was added. The 
heating was continued until this was dissolved in the fatty 
acid layer. Tho mixture was then left to stand overnight. 
In the morning it was reheated and stirred to give better 
clearing of tho aqueous lay*. When tho two layers had 
separate completely, the bubbles on the surface woro
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removed by blowing air through a heated tube and the 
beaker then oooled by surrounding It rith cold water.

The wax-cake was removed on the glaca rou, 
and washed with a fine Jet of cold distilled water, 
col_octlng the waehlnge In the aquoouo layoi which was 
subBoqwently need for the glycerine determination. Thu 
v/ax—cako and wax adhering to the boakor, wore then dried 
by standing or wiping lightly with filter papoi. The 
oako v/ae then removed from the rod, placed on a tarcd 
watch-glass and the rod and beaker scraped with a 
spatula, this way being added to the main oako which 
was then weighed,

(b) Thu Ether-extraction Method.
About 4 grams of fat, accurately weighed, 

wore saponified with 40 ml. of sominormal alcoholic 
caustic potash solution, for one hour under reflux on 
a boiling watorbath. The solution was diluted with 
20 ml. of water and the alcohol distilled off. 7.410 
alkaline soap solution was then oooled and.transferred 
to a 250 ml. cylindrical separating funnel, A few drops 
of methyl orange Indicator were added and the fatty 
acids split with 1 1 1 Hydrochloric acid solution. The 
flask was rinsed thoroughly with acidified distilled 
water and then with 50 ml. of petroleum other. (Boiling 
range 30 - 50°C). The washings wore all added to the 
contents of the separating funnel, which was gently 
shaken for one minute. The layers wore allowed to 
separate and the aqueous layer run off and extracted 
with a further seven, 50 ml., portions of potroloym other 
to ensure complete removal of all the fatty acids.

The combined extracts wore then washed with
cold distilled water to remove traces of mineral acids,
the solution dried with anhydrous sodium sulphate for
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four hours and filtorod through fat-froo filter paner,
ting the final container and funnel with four successive, 
nal,# portions ox petroleum other. The solvent was 

carefully distilled off on a waterbath and the fatty 
acids dried to constant weight in an alr-oven at 80°C 
and under reduced pressure.

Again, as in the determination of unsapor 1— 
fiable matter, all stopcocks and stoppers were lubricated 
witn a luorlcant insoluble in petroleum other,

s« Iloan Molecular (Tolzht of tho Fatty Acids.
This determination could only bo done directly 

using a tltrlmotrlo method, Tho fatty acids v/oro separated 
exactly as described under 7(b) above, Tho residue was 
then titrated with standard alkali (as described under CL) 
and the mean molecular weight of the fatty acids calculated,

349, Glycerine Content.
About 25 grama of fat, accurately weighed, 

were saponified with 5 grams of enustic soda in 100 ml, 
of ethyl alcohol (95 per cent.), for two n^urs under re
flux, The solution was diluted with an equal volume of 
water, the alcohol distilled off and the fatty acids split 
with hydrochloric acid solution (1 : l). The fatty aclda 
were then extracted with petroleum ether as described 
under 7(b) above, and tho aqueous residue and washings 
evaporated to a total volume of about ?0 ml. The solution 
war then filtered into a 100 ml, standard flar':, neutralised 
with aqueous caustio soda solution ana made up to volume
with distilled water,

10 ml. of this glycerol solution wero pipottod
into a 100 ml, glass-stoppered standard flask, 10 ml, of 
caustic soda solution added (30 grams of caustic soda per
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100 ml, of solution) and 60 ml. of ethyl alcohol (95 per 
cent,). Tho content a ware oixod thoroughly and alcoholic 
cuprlo chloride solution (10 grams of CuCl2i2KgO pur 100 ml. 
0A solution In ethyl alcohol — 95 per oont.) added gra
dually in small portions (■£ — 1 ml, at a timo) with 
thorou^i shaking between additions, until a clearly 
visible permanent precipitate of cuprlo hydroxide was 
lormed. The flask was then filled to the mark with 95 per 
cent, ethyl alcohol, the contents well mixed and aoout 
80 ml. thereof transferred to a 100 ml. centrifuge tube.
Tho suspension yap thon centrifuged for 20 minutes at 
1500 - 1500 r.p,m.

The clear supernatant solution was decanted 
off and 50 ml..if it plpottoa into a 300 ml. Erlonaeyer 
flask. 100 ml. of cold distilled water were added followed 
by a small piece of litmus paper, and the contents of the 
flask made slightly acid to litmus with sulphuric acid 
solution (1 : 6). 10 grams of potassium iodide were then
added and the liberated iodine titrated with declnormal 
sodium thiosulphate solution until tho contents woro pure
white in colour.

A blank determination was carried out on tho
reagents using 10.ml. of distilled water instead of tho
glycerol solution. This is to correct for tho solubility
of tho cuprlo hydroxide in tho alcoholic solution.

1 ml. of 0.1 N Thlosulphate solution
348 9,1975 mgo. of glycerine.

Jgotest
The endpoints are more readily observed if the 

solutions contain 400 mgm, of glycerol or less.
It is Important that a considerable excess of cuprlo 

hydroxide le present before centrifuging and that the
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solution 1b woll centrifuged.
The sulphuric acid solution Is preferably added 

fron a oure^te. It Is simple to follow the course of 
this titration by the changes In colour of the so3ution 
and the appearance and disappearance of a precipitate.

10* Preparation of the Glycerine Sajple for 
Analysis by 1 ho Acctln Process.

About 8 grams of fat, accurately weighed, 
were saponified with 3 grams of oauetio soda, in 60 ml. 
of alcohol (95 per cent*/ for 1̂  hours on a boiling 
waterbath. The fatty acids were then separated by 
either method described under (?).

The aqueous acid liquor and washings were 
then transferred to a large evaporating basin, made 
slightly alkaline to methyl orange Indicator with caus
tic soda solution, and evaporated on a boiling wator- 
bath to Incipient crystallisation of the sodium sulphate. 
The dish was then removed and cooled in running water, 
stirring and scratching all the time with a glass rod. 
Crystallisation started In fine needles, after which 
stirring and cooling were continued for a short time 
when the whole mass became pasty. The dish was then 
left uncovered overnight, when the crystalline mass
became quite stiff and dry.

The crystalline mass was then extracted
in a Soxhlot extractor with ethyl alcohol (95 per cent.) 
until the liquid siphoning over was colourless. The 
thimble was then emptied out into the evaporating dish, 
the crystals dissolved in water and the solution again 
evaporated and crystallised as described before. The 
crystals were again extracted in the sane thimble with 
95 per cent, ethyl alcohol for a further two hours.

/Aft or.....



Altor the addition of so w  puroioS* the 
alcohol was distilled off on a waterbath and the water 
iU.iovod ■ / heating the flask in a ateaa-ovon. It la 
rooomraended to complete the evaporation of the alcohol 

ohe contents In the flask under reduced pressure 
to prevent loss of glycerol.

?ne standard eoetli method was then applied 
to determine the percentage of glycerine Ir sample.0

A modification of the above procedure, 
consisted In neutralising the acid liquor with barium 
carbonate instead of caustic soda, resulting in the 
precipitation of barium sulphate. Evaporation was con
tinued until the mass beoame pasty after which it was 
extracted with a mixture of ethyl alcohol and diethyl 
ether. The mixed solvent was then oarefully distilled 
off on a boiling waterbath and the residue dried over 
concentrated sulphuric acid In a desiccator. The 
glycerine content of the residue was then determined 
in the usual manner by the acotin process.

11. Preparation of Zlxed %ethyl_ Esters for
62the ' or Fractionations.

About j.50 grams of wax were saponified 
with 60 grams of potassium hydroxide In about 700 ml. 
of 95 per cent ethyl alcJiol. The solution was boiled 
under reflux for about four hours and most of the 
alcohol then removed by distillation. The concentrated 
eoap solution (about 100 ml.) was dissolved in about 
400 ml, of water and the soaps split with 1 1 1  hydro
chloric acid solution. Because of the 3mall amount 
of unsaponifiable matter present (0.1 per cent.), no 
separation was effected before splitting. The fatty 
acids wore then extracted with diethyl other to a total
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r.uli; Of c,000 nl„, tho acivont dle'dliod off and tho 
nolda dried at 80°C overnight.

.aosa acids (about 135 grams) w@ro then 
converted Into the neutral methyl eaters by oBtorifying 
with four times their weight of methyl aloohol In the 
presence of about two per cent, of concentrated sul
phuric acid lor four hours. About three-quarters of 
the methyl alcohol wae distilled off and the "dsidue 
dissolved In diethyl other to a total bulk of about 
600 ml* The unestorlflod acids were then removed 
by washing the etheienl solution several (four) times 
with a dlluto (1 par cent.) potassium carbonate 
solution. (A more concentrated solution of potassium 
carbonate cannot be used for fear of saponifying eomo 
of the esters and because of its tendency to emulsify 
tho whole sample. Such an emulsion can, however, 
readily be broken by destroying the excess alkalinity 
with a few drops of dilute hydrochloric acid solution.)

The ethereal solution, wae then fried 
overnight with anhydrous sodium sulphate* filtered and 
the solvent distilled off and the mixed methyl esters 
left In an oven at 110°C overnight.

12. g-mntlonal Crystallisation from Organic 
Solvents.

Although tho description that follows 
applies specifically to the acetone crystallisation 
p r e s s e s ,  a similar procedure was adopted for all 
■juoh n-,;purimonts. In every oaso tho crystallisation 
was al.Lv.iwod to proceed overnight at room temperature.

The wax sample was primarily crystallised 
frcm anhydrous acetone (dried over and distilled from 
calcium chloride) In a solution of one gram of wax In



si- al. of acetone. The separated material was then 
' 0 cr^’-stallisod from anhydrous acetone, the
concentration of the solutions gradually diminishing 

1 : 6 ml. to 1 ; 26 al. of acetone for the major 
acetone crystallisation process. The filtrates, in all 
cases, wore evaporated to dryness and the wax fractions 
rooovereu.

The wax from the primary filtrate was 
recovered by partially evaporating the liquor vn a 
watorbath and allowing it to stand overnight. By this 
moans several fractions were separated, the most soluble 
fraction being obtained by the complete evaporation of 
the solvent,

13. Uoan Ilolocular Wnl^ht Determination by 
the lacro-Hast Method.

About 0.01 grams of solute was weighed Into 
a clean, dry fusion tube. To ensure maximum homogeneity, 
each fraction was first melted before the sample was 
weighed out. To this about 0.1 gran of camphor, the 
solvent, was added and the tube weighed again. The 
weights should be very nearly in the proportion of 1 *10. 
The tube was then sealed and drawn cut into a fine rod, 
by means of which it was a.taohed to the thermometer.

The thermometer, with tube attached, was 
then suspended, firstly In a small beaker of paraffin.
A lamp was placed behind the beaker, which was then 
slowly heated with a small flame until the mixture had 
melted. The tube was then shaken to ensure that the 
solution wou.u be homogeneous, and allowed to cool when
the mixture solidified.

The beaker was then heated very gently,
stirring the paraffin all the time, and the temperature
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n°tv(1 Whdn 1111 tho oryfitale /Mid aoltod and tho solution 
was perfectly clear. Several readings were taken of 
this temperature. The melting point of the camphor 
was determined in a similar manner.

Duo to tho low heat transfer through she 
comparatively thick-wall of tho fusion tube, which 
caicou a -Oiinj.t;o time-lag la recording changes in 
temperature, tho hoat capacity of tho heating medium 
was increased by carrying out further determinations in 
a two litre beaker containing about 1500 ml. of paraffin, 
Tho rate of heating was also reduced from 1% per minute 
■jO 1 v pur throe minutes. Again several determinations 
hid to be carried out before concordant results wore 
obtained. For each determination the sample was allowed 
to cool about 10°C below its molting point.

Tho moan molecular weight was then calculated
from tho formula:

li « 1000 x kb x w 
!Tx

whoro w = weight of solute 
V - weight of camphor.
— depression in melting point. 

kv, 3 freezing point depression constanc for 
camphor — 40.
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Mixture by voltaae of

60 parts ETHYL ALCOHOL 
20 " PETROL
20 " BENZOL

Fuel Data
2S9£QjtitlonJbj(j^i£ht Carbon - 86.9 i

Hydrogen- 12.2 t 
Oxygen - 20.9 t  

Higher Calorific Value 66,120 c.H.u. per gallon.
6,530 C.H.U. per lb. 

Specific Gravity at 20 degrees Centigrade - .799 
latent H§at 156 c.H.u. Per lb.
Kinematic Vlscosltyln abs. cgs. units .01013(1-.0137 t=%5)

vnrmur Pressure
Temperature 10 C 20 C 30 CV.P. In am. of Hg 45 83 142

Distillation re-cent Distilled 13% 50* End point
Temperature 82 69 73.5
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 1*, ii

Fuel No. 11 6(K Alcohol-20* Petrol-209 Benzol" Table llA

p'w* p8ro™eter-24.7?3 Ins Hr Dry bulb-49.1 P Wet bulb-45.0 ? vsO ’ r#M« 24.801 M t* 60.5 ? 11 rt 51.9 P
     — .—      &

Approximate load 340 lbs.
Initial tyre pressures, Ibs/sq Ins- front 27, back 28.

AV.speed
mph.

Time of
run

Eln.sec.
Wind Exh. press, temp. 
InsHgO Pialvo

watertemp.F
In.man.Air vacuum temp. Ins F

Mlleaees:- 
Kertrf End TflTfxTff '

N 29.^ 4—38.2 4.0 350 141 iTTS 63 1473-IG.FS ZZ75S 28.8 5-46.6 0.2 310 148 14.3 97.33 00.1 27.7N 28.9 4-47.5 3.5 360 141 11.0 00*24 02.55 23.1S 28.8 5-51.3 0.3 315 151 14.2 03.18 05.99 28.1N 28.9 4-48.6 4.8 350 143 11.8 06.2 06.52 23.2' 28.8 5-50.6 0.5 295 151 14.2 09.11 11.91 28.0Tyre pressures- front 29
back 30N 38.0 3-2T.0 6.2 485 142 10.2 65 12.21 143? "1ZTT3

S 78.0 4-29.4 0.9 440 152 13.6 15.1 17.94 28.4 ?
N 37.9 3-23.5 4.4 430 142 11.2 18.14 20.28 21.4
S 38.2 4-31.2 0.8 450 149 13.3 21.16 24.04 29.8
N 37.9 3-27.4 5.5 465 144 11.3 24.29 26.47 21.8
S 38.0 4-29.4 0.7 470 149 13.8 27.35 30.19 28.4
Tyre pressures front 29 reduced to 79

back 33 If " 29
R— R T T —  TJ5— 305"
S 47.3 3-11.9 2.0 560
N 47.0 2-28 6.0 530S 47.3 3-14.1 2.0 570
N 47.1 2-23.9 6.4 590
S 47.1 3-15 U6_ 560Tyre pressures:- front 32back 30 

W

143" 
150 145 
150 147 
149 reduced"

KT6.6 1-4CTS 56.8 2-17.5
N 57.6 1-45.7
S 57.3 2-18.8
N 56.7 1-43.5
S 58.0 2-17.1

"577“3.2
9.03.59.7
2.9

610635
600
630600

"Tyre pressures -“ front 35"
back 32 

"710"

T T T
151
148151
151
151

' 5.611.48.7 
11.99.2
12.0

Td T 5“
30

-07F-9.46.89.66.6 
9.1

64 . F 30773 3Z73T33.53 36.05 25.2
36.32 38.26 19.339.17 41.72 25.5
42.06 43.9 18.844.85 47.4 25.5

55-- 4775T197F— 1575"50.6 52.77 21.7
53.45 55.14 16.956.25 58.46 22.1
59.13 60.76 16.361.89 64.1 22.1

"R 877$--1-14.2" 1370S 67.1 1-36 4.7 670
N 67.5 1-14.7 11.5 720
S 66.9 1-35.4 5.2 670
N 66.9 1-14.7 11.8 *30
S 67.1 1-33.5 4.9 ,660Trent 3T 

Back 33

153"
156
lu4
153 152
154

773"5.2
1.8
4.9
1.6
5.0

"5477737^ gg.%3 1470" 
66.65 69.44 17.970.6 72.2 14.073.48 75.25 17.7
76.49 77.88 13.963 79.11 80.85 17.4

tyre pressures:-

Acceleratlon tests

KrtPi^tlme In seconds 21,7 19.1 21.6 19.1



TABLE 11 B . ciLtunarised Results of Table A.

Mean Barometric Pressure
corrected for altitude, ins of Hg 35,01 VSpour Pressure of moisture 
in atmosphere (Average). Ins of Hg 0.284

Car Fpoed in m.p.h,. 28.9 30.0 47.1 57.2 67,8
Wind Pressure, N 4.1 3.4 6.5 9.3 is.iinches of water. S 0.3 0.8 1.9 3.2 4.9
Absolute Wind Velocity in direction of motion, m.p.h, 16,6 17.0 14.0 14.9 15.1
Mean Tyre Pressure, lba/sq ins 28.8 30.2 30 30.2 31.5
Mean Air Temperature Ocent, It.P “T O 16.3 18.3 17.9
Miles per gallon N 23,0 21.5 "Tg:ir 'T8.S — 14.6S 27.9 28.5 25.4 22.0 17.7
Simple Mean M.P.G. 25.4 25.0 28.1 19.3 13.e
Inlet Manifold Pressure, N 11.7 12.3 14.2 16.7 21.3Inches of Hg absolute S 9.0 9.5 11.4 13.8 13.4

Average. 10.5 10.9 12.3 15.2 19.9
Exhaust Gas Temperature N 392 490 600 636 696degrees Centigrade, S 34Q 477 678 612 660(above atmospheric) Average. 370 493 639 624 678
Cooling V'ater Temperature N 142 143 145 149 153at entrance Lo radiator, S 150 150 150 151 154degrees Fahrenheit.Average (converted to Cent.) 63.3 63.6 84.3 65.8 67.5
Temperature Difference, water to air. Degrees Cent. < ..6 45.3 ,45.9 47.3 49.7
Acceleration Time (seconds) NS

'T17F19.1 Average 20.3
Exhaust Gas Analysis ^  ^ /ScOj 3.0 %02 0e5 3co

fjHg (estimated) (^7 diff)
Start* easily and Idles w H T

TABLE ^  C M.P.G. converted to Standard Basis.

Car Speed in m.p.h. 20.9 38.0 47.1 57.2 67.8
Reciprocal Mean M.P.G. of North & South runs. 25.2 34.5 21.6 18.9 15.6

a) Wind
4 Correction for:-b) Weight

8.2
•0.4

7.2
•0.3

3.9
-0.3

3.8
-0.2

3.0
-0.2

c t Barometer • • • • *
d) Air Temp. 0,8 0.7 0.7 0.8 1.0
e) Tyre Press. •0.3 -0.7 -0„4 —0.1 -0.1

Total correction- # 6.4 6.9 3.9 4.3 3.7
Corrected Miles per Gallon s7,3 36,Z 22.4 19.7 16.2



Table 11 — D Volumetric "friolencj L Air/Fuel Ratio
Ideal Air 'uel Ratio 11.0
Average Molecular Weight 5 7

Mixture Density relative to Air 1.0318

v

Speed in m.p.h. 2S.9 38.0 %7.1 57.2 67.2

Compression Temperature
'' Pressure

Volumetrio Efficiency
Ditto to std. Basis
Theoretical Air/Fuel Ratio
Air/Fuel ratio (exh. anal.)
Weight of exhaust gas per 
gallon of ft;.)1

3*2
10.05

.252

.232
11.2

97.5

37? 
ic. 45

.268

.251

11.65

101

348 
12.0  

2 329 
.317 
12.65  

12.6  

109

328

13.75
.400
.584
13.5

116

306

17.4
1543
.52%
15.3

130.5

Table 11 E Heat Balance

Speed in m.p.h. 28.9 38.0 47.1 57.2 67.2

Heat available CHU/gal 68120 68120 68120 68120 68120
from fuel > 100 100 100 100 100

Seat to CHU/gal 17300 20200 2O95O 21900 21250tractive effort % 25.% 29.6 30.7 32.1 31.2

Seat to exhaust OHU/̂ gal 9260 12800 17150 19500 24100
(a) Sensible A> 13.6 18.8 25.2 28.6 35.3

(b) Latent CHU/gal 43CO 4450 4800 5100 5750
% 6.3 6 .5 6 .9 7.5 8.4

(0 ' Unburnt 
gases

CHU/gal
> t 1 670

1.0
- -

Heat to CHU/gal 38 000 J0900 235OO 18900 18350
Cooling water % 55.7 34.4 27.7 26.9

Unaccounted for % ;(-1.0) (-0.2) 1.8
*-1

—1.8



E S B U s o ^ .
Mixture by volume of

50 parts OTHY, ALCOHOL
20 n nrraoL

30 " B m O L

Puel Data
Composition by weight Carbon - n.l t

Hytlrtowi- n.7 t 
Oxygen - 17.2 *

lilgftar calorific Value 71,280 C.H.U par gallon
8,830 C.H.O. per lb. 

.Specific Gravity at 20 degrees Centigrade - .80?
Latent Heat 145 c.R.o. per lb.
Kinematic vlacosltoln abe, cgs. units .00914(1-.0141
Va ppm" pressure Temperature 10 C 20 0 20 Cf.P. In am. Of Hg 45 85 150
Distillation

Temperature 61 66.5 6
Percent dl vtlJled 204 504 End point



*uel 50* Alcohol-20* Petrol-SW Benrol ^ L -g£?e?nbor
Table 12/.

8.303.00 P.M. Barometer-24.733 ins Hp-" " 24.601 " " dry bulb-49.1 W wet btlb-45.0 ?60.5 P " " 51.9 P

Approx. load 380 lbs
Initial tyre pressure, lbs/so ins- front 27, back 28.

av. time nf wind Bxh. *ater In.man.Air speed run press, temp. temp, vacuum temp, 
mph. mln.sen.lnsHgO palvo » ins » 5e?Tn‘

Ml leases:»
■ w

"N 29.F TFT.1 3.5 “ 780 140 TT.3.'58 "92.49 04.9 34:1s 28.9 5-41 0.4 300 146 14.1 05.54 08.28 27.4N 29.4 4-57.1 2.8 340 140 12.8 06.4 10.83 24.3S 29.3 5-39 0.5 295 145 14.2 11.34 14.1 27.6N 29.3 4-58.1 3.2 350 141 12.5 14.25 16.68 24.3S 29.1 5-40 0.3 305 144 14.1 17.16 19.91 *7.5Tyre pressures:- *Tont 26Back 2638.1 3-29.7 5.1 440 140 “ 11.'4'.57 20.12 ZHmSts 38.0 4-35 1.0 460 146 13.6 23.0 25.9 29.0N 38.3 7-36 4 4.0 460 141 11.7 26.16 28.46 23.0S 78.0 4-37.4 1.2 440 144 14.0 29.2 32.06 28.8N 38.4 3-76.6 4.5 440 141 11.8 32.39 74.7 23.1S 38.3 4-31.5 0.9 450 144 13.8 35.38 38.27 28.9Tyre pressures:- Front 27 Pumped up to 27Back 26.5 28K 47.8 2-29:1 6.3 550 '141 9.4 57 "35.7 "40755 T975
3 47.5 3-11.8 1.8 (485) 144 12.2 41.64 44.17 25.3 A
N 47.6 7-30,5 5.8 600 141 9.3 44.49 46.48 19.9 9
S 47.5 3-18 2.0 570 144 11.7 47.29 49.9 26.1
N 47.7 2-73.2 G.8 600 147 9.5 50.13 52.16 20.3
£ 47.4 3-19.8 2,3 560 145 U.8 52.95 55.58 26.3

pressures;
~ T~~—  
S 57.6 
N 57.6 
S 57.1 N 57.2 
S 56.9
4yre

Back 28 
"ST? 555“

2-24.9
1-51.92-25.5
1-51.52-26.7

2.88.2
3.8
9.52.7

6*0
660620
660
630

pressures:- ?rontT%6 
Back

" W147
144147
146
4 ^ -

g.fl ---K5.S5 57.7— ITHT
9.8 58,72 61.04 27.2
6.6 61.57 63.36 17.910.1 64.39 68.7 23.16.9 67.26 69.03 17.7
9.8_______7Q.Q6 72.38 23.2

~ m v 7 T  
3 67.9 N 67.4 
S 67.5 N 67.0 
5 66.5

T t t T1-47.5
1-16,4
1-44.11-14.7
1-45.7

-T3TT4.2 
12.05.3 13.7
4.5

7F5
6t!0
740
680
770
670

29r up 2.2 60 73.17 74.59 14.2
> 15» 6.4 75.8 77.75 19.5
I 146 3.0 78.37 80.3 4.3
l 151 6.4 81.47 33.42 19,5

150 1.8 84.48 85.87 13.9
l 154 r r 87.14 89.09 19.5

Tyre pressures Back 29

Acceleration tests

Accel^tlme In seconds 21.9 18.0 22.4 18.4



r
I ^ E  13_B^ Summarised Results of Table A.

Mean Barometric Pressure 
corrected for altitude. Ins of Kg 25.01 Vapour Pressure of moisture 0.264in atmosphere (Average). Ins of Hg

Car Speed in m.p.h. 29.2 38.2 47.6 57.3 67.2
Wind Pressure, K 3.2 4.5 6.3 8.8 13.0inches of water. S 0.4 1.0 2.0 3.1 4.7
Absolute Wind Velocity in direction of motion, m.p.h. 14.0 13.7 18.3 14.6 15.8
Mean Tyre Pressure, Ibs/sq ins 86.8 26.4 27.5 28.1 29.9
Mean Air Temperature ©Cent. 13.3 13.9 14.4 15.0 13.8
Miles per gallon N 24.2 62.8 20.0 17.7 14.1" ■S 27.5 28.9 25.9 23.2 15.5
Simple Mean M.P.G. 85.8 2b.C 22.9 20.4 16.8
Inlet Manifold Pressure, N 10.6 11.6 13.8 16.6 21.1inches of Hg absolute S 9.0 9.3 11.4 13.5 16.7

Average, 9.0 10.4 12.6 14.9 19.9
Exhaust Gas Temperature N '390 478 602 652 715degrees Centigrade. S 346 *00 570 523 565(above atmospheric) Average. 360 479 586 637 690
Cooling Water Temperature N 140 141 142 145 148at entrance to radiator, S 145 145 144 147 153
degrees Fahrenheit.Average (converted to Cent.) 61.4 61. 7 61,7 63,3 63.8Temperature Difference, water to air. Degrees Cent. 48.1 47.9 47.3 49.3 00.2
Acceleration Time 1 seconds) NS 10.3 Average:- 20.1
Exhaust Gee Analysis 15.9 #0;, 1.'f #2 0.5 #0

£Hg (estimated} B3.9 (by diff)
Remarks:-

TABLE C M.P.G. converted to Standard Basis.
Car Speed in m.p.h. 29.2 30.2 47.6 37.3 67.2
Reciprocal Mean M.P.G. of North & South runs. 25.7 25.5 22.6 20.1 16.9

a) Wind
% Correction for:-

5.9 4.7 6.7 3.7 3.3
b) Weight m

c) Barometer - • -
d) Air Temp, 3.3 2.4 2.3 2.2 2.1
e) Tyre Press. 0.8 0.9 0.5 0.5 0.5

Total correction- $ 8.6 8.0 9.5 6.4 5.9
Corrected Miles per Gallon 28.0- 27.4 j 24.8 21.4 17.0



Table.. ig  £ Volumetric -fficienc- & Air/luel Ratio
Ideal Air/Fuel Ratio u  ̂
Average Molecular Weight 6o
Mixture Density relative to Air 1 < A

Speed in m.p.h. 29.2 38.2 [7 .6 57.3 J7.2
Coppression Temperature 380 378 3*7 329 310

Pressure 9.55 10.0 11.8 13.5 .6.5
Volumetric Efficiency .238 .251 .307 .390 .506
Ditto to std. Basis .219 .232 .292 .366 .*78
Theoretical Air/Fuel Ratio 10.7 11.15 12.75 13.9 15.3
Air/Fuel ratio (exh. anal.) - «• 12.3
Weight of exhaust gas per 
gallon of fuel 9*.2 98.0 |111 120.3

1
131.5

Table 12 E Heat Balance

Speed in m.p.h.

Ifeat available 
from fuel

Heat to
tractive effort

Heat to exhaust 
(a) Sensible

(b) Latent

(o) Unburnt 
gases

Heat to 
Cooling water

CHU/gal
>

CHU/gal

29.2

712*0
100

17700
?».*

CHU/gal

CHU/gal

CHU/gal
%

Unaccounted for

11.5

*080
5.7

38.2

71280100

21250
29.7

OHU/gal j 3^00 12300
17.3

I T

*7 .6

*1500 1*500
58.2 *8.3

(-1.2)

71280 100

23200
32.5

(-1.7)

iiT
4800
6.7

£1°

57.3

71280
100

71280 100

23800
33.3

67.2

23500
32-9

27000
37.8

-3.0

20700 
19.0

5220
7.3

21100
29.6

0.8

$ : r

I T

1630c
22.9

1.5



m o o l i s .  
Mixture by volume of:-

40 parte ETHYL ALCOHOL 
20 " PETROL

40 " BENZOL

B e u u a .
Cofflpoeltlon by weight Carbon - 75.2 t

Hydrogen- 11.2 1 
Oxygen - 13.6 t 

Higher Calorific Value 74,440 C.R.U. per gallon
9,130 C.H.U. per lb. 

Specific Gravity at 20 degrees Centlgrede - .815 
Latent Heat 134 C.R.H. per lb.
Klnemtlc viacosltyln abs, ogs. units .00837(1-.0137
Vapour Pressure

Temperature 10 C 20 C 30 CV.P. In mm. of Her 49 88 160
Distillation Percent LI stilled 10* 50* Rad pointTemperature 60 64.5 116



r

^  Petrol-40* Benzor
Taole 13A.

8;30. A.K. Barometer 24.745 Ins Hg Dry bolb-M.a -et bulb-M.6 r

Approx load 380 lbs
Initial tyre pressures, Ibs/sQ in- f-ont 27, back 28.

ln<1 water In.man.Airsp ed run pr 3. temp. temp, vac ua temp, 
mpn. mln.sec.lnnHgO ralvo ? Ins » SeHn

leages:-
WfxTS"" W

N 2 0 "  5-15.8 1.5 TT93 HO- ""1374 W "  26.88 29.4 -25.2S 29.0 5—25.3 1.3 295 ld 1 13.7 29.85 32.48 26.5N «c9.1 5-18.9 1.5 305 141 13.3 32.72 55.3 25.8S 29.0 5-28.5 1.3 300 141 13.6 35,56 38.21 26.5N 29.2 5—19*3 1.4 300 142 13.7 38.42 41.01 25.9S 29.2 5-29.9 1.2 290 142 15.8 41.3 43.97 26.7tyre pressures:- Front 26Back 27N 3 0 2-59.4 2.3 400 14? is: r 63.5 44.21 46777 "2576 -S 37.8 4-20.6 2.1 380 143 12.9 47.17 49.91 27.4N 38.4 4-5.4 2.4 410 145 13.0 50.13 52.75 26.2T 38.5 4-17.9 2.1 410 145 12.9 53.15 59.9 27.5N 37.9 4-6.9 2.2 410 146 13.1 56.09 58.69 26.0S 38.2 4-23.7 2.4 400 146 13.1 59.01 61.6 27.9Tyre pressures:- Front 27
Back 28

" I TTO" 2-58.5 3.5 560 148 11.7 65 62.06 84.39 23.3
S 47.0 3-6.3 3.4 570 Id'7 11.4 65.04 67.47 24.3 @
N 48.9 3-4.1 3.3 565 149 11.7 67.84 72.24 24.0 @
S 47.2 3-9.2 3.7 570 148 11.5 70.67 73.15 24.8
r* 47.0 -2.1 3.2 575 151 11.4 73.5? 75.9 23. v
s - 3.7 565 .49 11.6 76.38 76.51 (ttvs;
fyre pressures:- Front 28 8 sample l.

Back 29.5
S 58.9 
H 57.3 
S 57.0 N 57.4 
S 57.6

2-17.3
2-13.8
2-17.82-14.3
2-17.6

5.6
5.16.2
5.65.7

620625
630
620
6301

Tyre pressures:-
U  67.1 1-38.2 ■7.6
£ 67.4 1-37.3 7.9
W 66.9 1-37 7.0
S 66.9 1-35.2 8.6
N 67.6 1-39.5 7.6
S 67.1 1-36 9.2
Tyre pressures:- !

Front T  
Back 31

151152 152152
153

9.89.5
9.3
9.09.2

82.11 84.28 21.7
84.9* 87.06 21.387.78 89.96 21.890.58 92.72 21.493.4 95.61 22.1

72 0”
700 
700 595 
700 700

..ant 29.Back 32

158 F.T-BB- 98.45 9TJBT ,875
158 5.4 99.18 01.0 16.2
156 5.6 02.07 03.87 10.0
158 5.5 04.8v 06.62 17.7
158 5.7 07.7 09.57 16.7
158 5.2 10.47 12.26 17.9

Acceleration i 'Sts 

Accel!1 time In seconds 18% 2 0 %  18% 20%



T̂ BLi;--13— B_. Summarised Results of Table A.

Mean Barometric Pressure
corrected for altitude, ine of Hg £5 n5 Vapour Pressure of moisture 
in atmosphere (Average). Ins of He n

Cr '.poed in m.p.h.
Wind Pressure, 
inches of rater. N

3

29.0
1.5
1.3

3H.2
2.32.2

47.0
3.3
3.6

67.2
5.35.8

67.8
7.48.6

Absolute Wind Velocity 
in direction of motion, m.p.h.
Mean Tyre Pressure, Iba/sq, inn

-
1.0 0.5 0.9 1.2 2.2
27 27

Mean Air Temperature Ĉent. 16.1 17.6
28.1 29.4 30.4
16.9 20.0 20.0

—
—Miles per gallon 

Simple Mean M.P.G.

N
S 25.6

26.5
26.0

25.9
27.6
26.7

23.7 
24.0
23.8

81.2
21.9
21.6

18.3
17.9
16.1

Inlet Manifold Pressure, 
inches of Hg absolute

Average,

9.69.4
9.3

10.030.1
10.0

11.6
12.7
11.6

13.6
13.8
13.8

16.1
18.0
10.0

Exhaust Gas Temperature 
degrees Centigrade. 
(jbove atmospheric) 

Average.

N
P

340
33f.
3b9

443
438
440

580 582
581

Cooling Water Temperature 
at entrance to radiator, 
degrees Fahrenheit.- 
Average (converted to Cent.) 
Temperature Diffei nee, 
water to air. Degrees Cent.

N
S

141
141
60.6
44.6

145
145
62.G
45.0

823
625
625

687
660
663

149
148
64.7
45.8

152152
68.7
46.7

157
158
69.7 
4:. 7

Acceleration Time (seconds) N
8 18.9

20.7 Average:- 19.V
Exhaust Gas Analysis .4. 9 #0g 1.1 # 2  0.1 # 0

%Hg (estimated) 83.9 (by diff)

Remarks:- 

TABLE li,p,G. converted to Standard Basis.

Car Speed in m.p.h. 29.0 38.2 47.0 57.2
..-
67.2

Reciprocal Moan M.P.G. 
of North & South runs. 26.0 26.7 23.8 21.5 18.1

a) Kind - -
% Correction for:-b) Weight •* • * - *

c) Barometer 0.1 0.1 0.1 0.1 n.l
d) Air Temp. 1.3 0.9 0.5 •
e) Tyre P.eoa. 0.5 0.7 0.5 0.2 0.1

Total correction- f 1.9 I,? 0.9 0.3 0.2

Corrected Miles per Gallon 26,5 27.1 24.0 21.7 18.1



Z®5_-2_ 15 •—  Volumetric Efficiency & Alr/Fud Ratio
Ideal Air/Fuol Ratio
Average Molecular Palrht 11,9
Mixture Density relative to Air 63*5

Speed in m,p.h.
29.O 36.2 47.0 97.2

--------

67.2
Compression Temperature

410
Pressure

401 374 351 326

Volumetric Efficiency 9.3 9,6 IO.85 12.5 15.75

Ditto to std. Basis .228 ,276 .339 .460

Theoretical Air/Fuel Ratio
.212 .224 .274 • 336 .959

9.
Air/Pual ratio (exh. anal.) 9.6 10.45 11.4 12.85 19.7

Weight of exhaust gas per •* 12.5 • -
gallon of fuel 66.2 93.3 101 11? 128
Table ,,__ E Heat Balance

Speed in m.p.h.
?9..0_ 38.2 47,0 57 ̂2 67.2

Heat available 
from fuel

cmygai
/'» 74440

ICO
74440
100

74440
100 ! i
f 74440

100

Heat to
tractive effort

CITO/gal 16750
22.5

20900
28.1

22450
30.1

24200
32.4

23700
32.4

Heat to exhaust 
(e) Sensible

CHUy/gal
A 7450

10.0
10700
14.4

15670
21.0

19000
25.6

23800
32.0

(b) Latent CHU/gal
% 35:2

4./
3820
5.1

4l40
5-6

;64o
6.2

5250
7-1

(0) Unbui-nt 
gases

CHU/gal
A ? ? 210

0.3 - -

Heat to 
Cooling water

CHU/gal
A 35*00 31650 25100 20500 I63OC

Unaccounted for >
_ J (14.6) <9.5) , 9.2 8.2 7.1



* No, 14
Mixture by volume of

50 parts ETHYL AIZIOROL 
20 M PKTF:OL
50 n BENZOL

Pueljiete.
by veleht Carbon - ?i*4 ?,

Urdrogen- lo.d 1 
Oxygen - lo.o t

lilj^L-Qgloririp Vdlug 77,600 C.M.U. '>er gallon.
8,430 O . M / r .  per 16„ 

Specific IravlU at 20 degrees Centigrade - .t»24 
Heat 123 c.H.U. ptf- lb.

Klnqmtlc v i s c o f i t a  in ebs. ogs. units .00748(1-.0113 TW5) 
Vapoui' Iressure

Temperature 10 C ?0 C 30 CV.P- In mm. of %  55 lu2 176
Distillation

Percent Distilled 10* 50^ tod pointTemperature 5? 62 90



Mixture by volume of:-

30 pcrte ETHYL ALCOHOL 
20 " p m o L
SO " BENZOL

Fuel Data
OmmtlUan to veiffĥ  carbon - 7».4 *

Hydrogen- 10.6 i 
Oxygen - 10.0 4

i&rliM: Calorific Vayay 77,600 C.H.U. per gallon.
8,480 C.H.Vf. per 16. 

Specific at 20 d^reee Centigrade - .824
■fejtepw jjoai 125 c.H.U. per lb.
^JiaaatlQ Vl^oalto- In &6a. cgs. units .00748(1-.oil! t?B0)
Vapour pressure

Temperature 10 C 20 C SO C
7.P. In zme. of Hg 55 102 178

D is t i l la t io n Percent Dietilled 104 Temperature 57 50* Bid point 
82 90



rum  nu.

Table 14A
-Din, sen701

3.*00‘f!m“‘ B*ro=Etnr-24.76i ins Hp Dry bulb-60.1 F -et bulb-56.3 
  ____   74.0 F " " 60.9

Approx. iOSd 340 lbs
Inmaltyre pressures, lbs/sc Ins-front 88, back 28.

Av. time of wind Exh 
speed run press, tempi 
tnpn. k ,n.sec.InsH^O sralvo

u  m :s
S 24.9 
N 2P.3 S 29.4 N 26,7 
S 28.9

" F ^ T T "
5-21.35-8.7
5-24.5
5-13.8
5-24.6Tyre "pressures: -

0.52.01.02.20.7

a ter In. man. Air lei le&res •-‘erap. vacunm temp.?
F lns Hg F SeFTn

270 280 275 
280

W o n t %  
Back 29 

TP'

S  S? ITT i V5.5 7F.4 T r ^ T157
149152.154
155

13.913.413.7
13.2
13.8

78.32 80.9 
61.11 83.59 
84.0 86.65 86.82 89.32 89.7 92.31

15177"25.8
24.826.5
25.026.1

1T5BT0— 3=32—
S 36.5 4-23.4 I.6N 37.9 3-53.5 5.5
S 38.2 4-27.8 1.5
N 37.9 3-55.5 4.0

4-31.4 1.5 ,.,vTyre pressures:- ^roht 29 
  Back 2913

~440
410
440406
460
470

T % -
153
155
158157
160

1279— T T13.112.413.2
12.5 13.4

^2.57 05.02 24.T  
95.46 98.28 20.2 90.59 01.05 24.6 01.56 04.4 28.4
04.71 07.19 24.807.67 10.55 26.8

"V3F72. "2=377*7
S 47.9 3-6.1
N 47.3 2-49.8
S 47.5 3-8.7
N 47.6 2-49.5
S 46.1 3-4.0
Tyre pressures7= Front 2ST

Back 29

'T7S"
2.5 4.92.7
6.8
3.5

373-
550580570
585
570

11 7  11.3' W . b  ii.og
163 12.2 13.93 16.43160 10.7 16.78 19.01
162 11.9 19.57 22,3
162 10.9 22.45 24.69163 12.0 25.32 27.78
* Sample IT

"2177—  
25.022.3 @ 
24.9 d22.4 
?4.6

S 56.5 N p-7.1 
S 57.0 N 56.3 S5-..3

2-29 2-9.4 
2-25.3 
2 - 11.6
2-24.9

776"
4.5 
7.04.6
7.6 
4.9

T ^ T620
640640650
625

1Fyre pressures:- Front 3A .Back 31.5

m r
165166 
166 168 
166

3

rr(J“ '757f3 28.24 36.27 20TT
9.8 31.04 33.36 23.48.7 33.67 35.92 20.5

9.7 36.7 39.0 23.0
9.0 39.55 41.61 20.69. 9______ 42.35 44.66 23.1

ITSf.F 
s 67.5 
N 6G.5 S 66.6 
N 67.6 
66.5

1=7175-
1-45.6
1-35.4
1-511-32.7
1-47.1

m 7.2
9.2 6.6

11.6
7.5

720 T75 5.5 77
700 170 6.2
725 168 5.5
690 169 7.2
725 170 5.2
710 17? 6.6 82

'47.%? I7 .T
46.1 50.05 19.851.05 52.81 17.653.74 55.8 20.6
56.68 58.42 17.459.45 61.43 19.8

Back 32

Acceleration tests

Direction N S N S NAccel, time In seconds 20.2 19.8 20.5 19.7 20.5



TABLE 14_E_. Summarised Results of -'able A.

Mean Barometric Pressure
corrected for altitude, ine of Hg 25 05 Vapour Pressure of moisture 
In atmosphere (Average). Ins of Hg 0.4!l

Car Speed in m.p.b. 28.9 38.1 47.7 56.9 66.9
Wind Pressure, inches of water. NS 2.20.7 3.81.5 5.42.9 7.54.7 10.37.1
Absolute Wind Velocity 
in direction of motion, m.p.h, 7.0 8.7 7.3 6.4 6.0
Mean Tyre Pressure, Ibs/sq ins 26.2 20.0 29.0 30 51.2Mean Air Temperature °Cent. 24.4 25.0 25.8 25.6 26.1
Miles per gallon N 24.8 24.6 22.1 20.5 17.4ti 26.1 28.5 24.8 23.2 20.1
Simple Mean M.P.G. 25.4 26.5 23.4 21.i3 16.7
Inlet Manifold Pressure, N 9.9 10.6 12.4 14.7 18.0inches of Hg absolute S 9.3 9.9 11.2 13.3 18.7

Average. 9.6 10.2 11.8 14.1 17.3
Exhaust Gas Temperature N 327 477 1590 648 696degrees Centigrade. S 313 450 577 627 682(above atmospheric)Average. 320 463 583 638 689
Cooling Water Temperature N 151 15r 160 166 169at entrance to radiator, S 155 159 165 166 171degrees Fahrenheit,Average (converted to Cent.) 67.2 69.4 72.-0 74.4 76.7Temperature Difference,water to sir. Degrees Cent. 42.8 44.4 46.2 | 48.6 50.6
Acceleration Time (seconds) N

S
20.419.8 Average:- 20.1

Exhaust, Gas Analysis 13.3 #0,> 2.1 #g 1.3 #0
0.3 pig (estimated) 83.1 #ig (by diff)

Remarksi-

TABLE 14 C M.P.G. converted to Standard Basis.
Car Speed in m.p.h. 28.9 38.1 47.7 1 56.9 66.9
Reciprocal Mean M.P.G. of North \ South runs. 25.4 27.3 23.4 21.8 18.6

a) Wind
% Correction for b) Weight

1.4
-O',4

1.9
-0.3

1.1
-0.3

0.7
—0.2

0.5
-0.2

c) Barometer 0.1 0.1 0.1 0.1 0.1
d) Air Temp. -1.5 -1.9 -2.4 -2.7 to (30

e} Tyre Press. -0.1 -0.1 — • -0.1
Total correction- ̂ -0.5 -0.3 •6.9 -2.1 -2.5

Corrected Miles per Gallon 25.3 27.2 23.2 21.4 16.1



volummtrio rffloionoT & Air/Puel Ratio

12.4
Ideal Air/Fuel Ratio 
Average Molecular Weight 
Mixture Density relative to Air 67.5

Speed in m.p.h.
23.9 3«.l »7.7 56.9 66.9

Compreaeion Temperature
Pressure

Volumetric Efficiency
Ditto to atd. Basis
Theoretical Air/Fuel Ratio
Air/Fuel ratio (exh. anal.)
Weight of exhaust gas per 
gallon of fuel

42j
9,4
.212

.213
9.1

63

409
9.8
.229
.230

IO.7

96.5

382

11.0

.275

.277
1105
13.0

99

357
12.8

.342

.349
12.9

114.5

337
15.1
.428
>39
13.8

122

Table i k E Heat Balance

Speed in m.p.h. r 
28.9 38.1 47.7 56.9 66 9

Heat available CHU/gal 
from fuel > 3 I

I
— 

I

776OC
100

77600
100

77600
100

77600
100

Heat to CJnVgal 
tractive effort % 4 8 % s m

2170028.0 23800
30.7

Heat to exhaust CHU/gal 
(a) Sensible / T r

11700
15.1

19400
19.9

(b) Latent CHU/gal 3080
4.0

3540
4.6

3630
4.7

4200
5.4

4480
5.8

(0 ) Unburnt CHU/gal 
fares > t t r , - -

Heat to CHU/'gal 
Cooling water 32700

42.2
31300
40.4

?56oo
J M

21250
27.4

I665O
$1l5

Unaccounted for 'b (24.5) (12.8) ( 11.4 (10.9) (12.5)



Mixture by volume oft-

20 parts ETHYL AIOOHOL 
20 " PETROL
60 " BENZOL

fuel Data 
Composition by weight

Higher Calorific Value

Carbon - 83.1 %
Hydrogen- 10.2 *
Oxygen - 6,7 S 
80,760 C.H.u. par gallon. 
9,710 C.H.U. per lb. 

Specific Sravlly at 20 degrees Centigrade - .852 
Latent Heat 113 C.H.U. per lb.
Kinematic Viscosity In abs. cgs. units .00705(1-.0126 f-̂ 'Oy 
Vapour Pressure

Temperature 10 C 20 C 30 6V.P. In mm. of Hg 59 105 185
Distillation

Percent distilled lo t  Temperattee 55 50* End point59 67



r
"^ o n o i-s o t Petrol-60< Benrol" 

Tabia ifia

3*00 plw! Ba^0meter-iJ;iJ ** Dry bulb-^.g p wet bulb-44.5 p 
_____________     '̂ «4 P " " 51.3 f

Approx load 490 lbs. ‘ '

a v. Time of 
speed run 
mph. ruin. sec.

M <36 ---g~T8A g

"Ind Sxh. press, temp. 
InsHgO galvo

Watertemp.F
In.man.Air vacuum tern Ins Hg f

Ml leases:-P.
Berm snd ulffxld

5 28.8 N 28.7 
S 28.7 
N 28.7 
S 28.8

* D
5-46.95-52.55-46.4
5-51.4
5-50.1

l.Z1.40.7
2.10.61.3

3903002i0310270300

~I4fi
145 
140146148145

13.5“
15.0 14
13.0 14
13.0

73 12735 15.55" 15.61 18.4 
16.81 21.62 21.88 24.6624.9 27.7 30.73 2".93

"2 7 .0  .-27.8
26.127.6 
28.0 28.0ijfic yi esaures 

~xi— — — —--------
front 3C Back 31

S 37.9 N 37.7 
S 37.2 
R 37.8 S 37.7— Wi-=2—

4-11.84-10.3
4-12.84-8.5
4-16

i.y
2.91.8
3.52.5 3.2

530350
350360
350350

“ 154
154153
151
159155

1 2 .513.5
13.012.5
15.013.0

79 ~5T:9 33.05 34.0 36.65 36.88 39.5 39.84 42.45 42.8 45.42 45.7 46.38

1 5 .5  " 26.5 26.2 26.1
26.226.8T>re pressures :- Front 31

Back 31.5» 4 r # 0 2-43*4 3.2 56,0 167 11.0 79 18772 50.89 f2l.71---S 47.1 3-4.6 3.8 500 157 11.2 51.69 54.1N 46.8 3—1.2 4.0 560 159 11.0 54.48 56.83S 46.7 3-10.2 3.7 570 156 11.0 57.36 59.83 24.7N 46.7 3-4.8 3.6 550 I6l 11.0 60.3 62.7 24.0S 47.2 3-11.5 3.6 530 158 11.5 63.15 65.6C 25.1Tyre pressures: Front 32
Back 32 ,5N • - 5.2 640 "T5F " 7.0 84 1 ^ :0 6  57.75“ “T5.9 —s 55.0 2-5.9 5.5 610 160 8.0 69.I 71.03 19.3N 57.4 2-21.9 4.0 630 166 10. i 71.81 74.07 22.6S 56.5 2-14.7 7.2 660 164 6.0 74.65 76.78 21.3N 57.0 2-21.3 4.0 630 162 9.5 77.43 79.65 22.2S 57.1 2-15,5 7.0 640 165 9.0 80.25 82.4 21.5'iyre pressures: Front 31
Back 32N 67.0 1-35.5 8.4 650 W  ' 6Vff" 73 "87.3 85.15 1875™S 67.0 1-43.8 8.3 700 167 5.0 86.12 86.05 19.3N 66.7 1-40.4 7.0 690 170 7.0 88.85 90.71 16.6S 67.1 1-39.9 7.7 710 169 5.0 91.7 93.56 18.6W 66.5 1-40.1 6.0 700 169 5.0 94.6 96.45 18.5_S 67.0 1-36.8 9.5 700 171 5.5 97.28 99.08 16.0

AcceleratIon tests

Direction N S N SAccel, tl*fle In seconds 21.9 22.3 20.9 22.9



TABLE i£_B. Summarised Results of Table A

Mean Barometric Pressure 
corrected for altitude, ins of Hg ^Vapour Pressure of moisture "
in atmosphere (Average), ins of Hg c ̂ 4'

Car Speed in m.p.h. *0.7 37.7 47.1 87.0 68,9Wind Pressure, inches of water. NS 0.81.5 2.13.2 3.95.7

. *
V o 7.95.5Absolute Wind Velocity 

in direction of motion, m.p.h. 4.1 4.0 0.6 6.1 1.3
Mean Tyre Pressure, Ibs/sq ins 29.0 30.7 31.7 31.9 32.3Mean Air Temperature Ocent. 26.1 *6.1 27.3 26.1 26.6Miles per gallon N 26. C 26.3 23.7 22,4 38.6S *7.9 *6.4 34.9 *1.4 28.6
Simple Mean M.P.G. *7.9 *6.4 24.3 21,9 16.6
Inlet Manifold Pressure, N 9.8 10. a 22.5 13.3 17 6inches of Hg absolute S 10.4 10.1 12.3 15.0 16.4

Average, 10.0 10.3 12.4 14.3 16.0
Exhaust Gas Temperature N 550 3C5 560 650 675degrees Centigrade. S 350 398 652 643 666(above atmospheric)Average. 340 396 666 636 680
Cooling Water Temperature N 149 133 150 163 169at entrance to radiator, S 143 153 157 164 169degrees Fahrenheit.Average (converted to Cent.) 53.9 67.0 70.3 73.6 76.1Temperature Difference,water to air. Degrees Cent. 37.8 40.9 43.1 47.5 60.6
Acceleration Time (seconds) NS *1.4*2.6 Average:- 23.0
Exhaust Gas Analysis 15.4 %C02 0.2 iOg 0.8 !̂C0

0.1 Ĥg (estimated) 05.3 (by diff)
Remarks:-

TABLE 18c LI.P.G. converted to Standard r sis.
Car Speed in m.p.h. .d.7 37.7 47.1 87.0 66.9
Reciprocal Mean M.P.G. of North & South ione. 27.9 26.4 24.3 21.9 15.6

a) Wind6 Correction for:-b) Weight
0.3
1.3

0.4
1.3 1.1

0.3
0.4 0.7

c) Barometer 0.3 0.3 0.5 0.7 0.8
d) Air Temp. •2.1 -2.3 -3.0 —2.6 -2.6
e) Tyre Press. •0.3 •1*0 —1*0 -C.6 -0.4

Total correction- # •0.3 *•1.2 —2.3 -1.1 -1.5
Corrected Miles per Gallon 27.7 *6.1 *5.0 *1.7 10.3



I*

— —  ̂ -----   Volumetric Efficiency & Air/Fuel Ratio
Ideal Air/Puel Ratio
Average Molecular Weight
Mixture Density relative to Air

12.8
71.5

.046
Spe 4 in m.p.h.

- —- — - ■ 1 1 — .... 28,7 37.7 47.1 57.0 66.9
Compression Temperature 

Pressure 420 4l4 381 36l 338
Volumetric Efficiencv 9.75 9.9 11.6 12.85 15.8

Ditto to std. Basis *.?*'? .229 .291 .340 .447

Theoretical Air/Puel Ratio .2^3 .232 .298 .343 .454
AirTpuel ratio (exh. anal.) 10.4 IO.25 12.1 12.7 1*3
Weight of exhaust gas p. - - 12.7 - -
gallon 0 . fuel

25- . 93.5 102- ..
Table  E

Speed in m,p.h.

*Ieat available 
from fuel

Heat to
tractive effort

Heat Balancepveke

T
CHtr/gal
>

CHD/gal

 J M

80760
_JL0C

17500

Heat to exhaust
(a) Sensible

(b) Latent

(o) J'nbvrnt 
kb se s

CHU/^gal
A

CHU/gal
z»

CHU/gal
/»

Beat to 
Cooling water

825©10.2

30760
- 100
20150

25.0

955011.8

CHU/gal
*

Unaccounted for * (?5.*)

H7.1

8O76O
__JL0O

22250
27.6

16100
20.0

4010
5.0

1360
I a L -

M200
(25.1)

2320028.7

17.0

57.0

8O76O 
, . JOO

24100
J&S.

%
4210
5.2

20900

14.6

0760
_ %90

24000
20.8

23600
29.2

4700
5.*

16800

14.4



gnSL NO. 18.
Mixture by volume of

10 parts ETHYL ALCOHOL 
20 " PETROL
70 " BENZOL

Fuel Data
Composition tv carton . 87.0 t

Hydrogen- 9.7 t
Oxygen - 3.3 t 

calorific Vniue 83,920 C.H.u. per gallon
10,000 5.H.U. per lb. 

Specific Gravity at 20 d^reee Centigrade - .329  

M^entjiegt 132 C.H.U. oer lb.
Bnamatlo ^ W oosljy in abs, cgs. unli s .30653a-.0115 '£&&) 
Vapom Pressure

Temperature 10 3 <?o C 50 C
Y.P. In b? Hg 56 100 170

Plat! nation
Percent distilled lot 
Temperature 60 50t and point 78 10)



yuel No.16
'  I ~

lot f lcohol-20t Fetrol-7o<t, BenloT 
T'Mo ISA.

Approx. load 460 l.bs 
il- ! 1 tyre pressure, lbs/sq Ins- front 28, tack 29.

s'paM y » l r  p r l l  C :  %  % % - G L  inieases:-
uph. mln.sec.lns.-fer, galvo p Ins Ry y ffe'rin Snd— MffxlO ‘

1  S 29.1 
H 28.9 S 29.8 
H 28.7 
S 28.8

5-47
5-58.5
=-52.0
M o5-54

1.6 3201.4 3201.3 325
1.5 3001.6 330

138
139137
139137

13.0 13.213.1 
13.5 
13.0

60 fthoke 
92. «495.8298.83 
01.86 04.85

out95.63
98.5401.65
04.5907.68

20,1
27.2
28.2 27.1
28.3Tyre pressures: Proht 28

back 30
N $8.6 4-10.3 !•£ &5o 14& 12.9 83 ”75735 v r . r r  —S 37.8 4-17.2 2.1 395 141 12.5 10.85 126.55 2r/.CN 37.9 4-8 2.1 390 143 13.2 13.79 16.40 28.:S 37.7 4-18 2.4 365 142 12.6 16.8 19.5 27.3R 37.7 4-10.5 2.1 390 143 12.6 19.78 22.4 25.2S 37.9 4-20.6 2.3 380 141 12.6 22.72 25.47 27.5l^re pressures: ^ront 29

Back 31
T ”577C 74-4.5 3.3 530 146 " TT.0 85 25.79 28.2 24.1
S 46.9 3-12 4.0 550 144 10.8 28.7 31.2 25.0 »R 47.2 3-5.2 3.2 490 147 11.4 31.65 34.08 24.5S 47.2 3-11.6 3.9 530 145 10.5 34.59 37.1 25.1
N 46.8 5-5.2 3.3 555 147 11.2 37.52 39.9 23.8
S 47.5 3-12.5 4.2 540 146 19,7 40.51 43.05 25.4
irre pressures: - front 29 3 Sample I.

Back 31.f5.7 m " 151 9.8 66 4c.'♦S 45.65 21.7
S 56.5 2-18.5 6.5 670 150 9.0 46.45 48.63 21.7
N 55.9 2-18 5.5 670 )c-l 9.6 49.3 51 .48 21.8
S 57.3 2-21.5 6," 670 1:0 9.3 52.2 54.45 22.5
N 56.7 2-18.4 5.7 670 151 10.0 55.15 57.33 21.8
8 56.5 2-20.4 6.o 670 150 8.8 58.1 60.3 22.0
Tyre pressures:-

T m r - 
s 66.3
If 66.ti 
S 66.5 
N 67.9_S - _______
TSrre pres s’ires:

T - m r r1-42.4
1-42.5
1-441-42.2

"BT?8.6
7.87.8 8.6 8.6

Back 32
— 7i. y  

760 
770 750 75,J 
730 
7 T

“155”157
158
158 
160
159

”T,ir~"5T
4.0
5.0 4.5
5.05.0 68

51:25-53". Br'15.4 64.13 66.03 19.0
67.05 68.95 1S.069.93 71.85 19.272.85 74.78 19.3
75.86 77.8 19.2

Promt
Sack 33

cceleratlon tests
’"directionfecel, time In seconds

— jr— s---- r — s— y22.2 21.2 21.8 22.1 22.1 21.9



TABLE I6JB. Summarised Results of Table A

Mean Barometric Pressure 
corrected for altitude. Ine of Hg 
Vapo’ir Pressure of moisture 
In atmosphere (Average). ins of Hg

25.24
0.2%5

Acceleration Time 'seconds) N
8 22.0

22.0 Average:- 22.0

Car Spaed in m.p.h. 88.9 37.8 47.1 06.8 1 6 .0Wind Pressure, N Inches of water. s 1.41.5 2.02.3 3.34.0 5.66.2 2.38.3Absolute Wind Velocity in direction of motion, m.p.h. 0.6 1.1 2.0 1.3 0Mean Tyre Pressure, Ibs/sq ins 28.7 29.6 29.6 30.6 31.5Mean Air Temperature Ĉent. 16.7 17.8 18.3 18.9 19.4Miles per gallon jj
B

Simple Mean M.P.O.
27.1
88.2
27.6

26.227.2
26.7

24.125.2
24.6

21.822.1
21.9

18.919.1
19.0

Inlet Manifold Pressure, n inches cf Hg absolute g
Averagv,

10.39.8
10.0

10.4 10.7
10.5

12.212.7
12.4

13.614.4
14.0

18.619.1
18.8

Exhaust Gas Temperature N degrees Centigrade. g (above atmospheric)Average.

355367
361

430427
428

548558
553

562660
661

717710
713

Cooling Water Temperature N at entrance to radiator, S degrees Fahrenheit.Average (converted to Cert.)Temperature Difference, water to air. Degrees Cent.

139137
58.6
42.2

143141
61.1
43.3

147
145
63.3
45.0

151150
65.8
46.9

158158
70

— SflaA .

Ixhaust Gas Analysis 13.9 %C02 1.8 1.1 ĈO
0.2 (estimated) pn.O ^2 (b7 dlff)

Remarks:- jt i, possible that some air was left in the exh. 
P/jlb sampling tube.

TABLE 16 C M.P.O. convei-tod to Star.lard Basis.

Car Speed in m.p.h. 28.9 37.8 | 47.1 56.8 67.0
Reciprocal Moan M.P.G.of North & South runs. 27.6 26.7 24,6 21.9 19.0

a) wind » • • ~ - -
# Correction for b) Weight 1.2 0.9 0.8 0.6 0.5

c) Barometer 0.5 0.4 0.5 0.6 0.7
d) Air Temp, 1.1 0.9 0.7 0.5 0.2
e) Tyre Press. -0.4 —0.4 -0.2 -0.2 —0.1

Total correction- f 2.2 As.fi-
Corrected Miles per Gallon 28.2 27.2 25.0 22.2 19.3



r

W W #  e|

aiovseai
. TgJtitv *.

, im*8 'ttS' tM

S3.tiS3 x«e &»ij

- • v).{ i$j.--

1

f: <va
;»## @>rt '»..
i 3 *i w|||7*la »tf if

:
.

(08 , r.i.s ca "H .': '

i.-A ■

6*

■

./is 1
o.- >•-

Table 16 .Ji Volumetric Efficiency & Air/Fuel Rati 
Ideal Air/Fuel Ratio

io

Average Molecular Weight 
Mixture Density relative to Air

13.?
76

Speed in m.p.h.
?s.7 ;?.7

JL.V40f-----—
l7.1 57.o 66.9

Compression Temperature
Pi assure

Volumetric Efficiency
Ditto to std. Basis
Theoretical Alr/Puel Ratio
Alr/Puel ratio (exh. anal.)
Weight of exhaust gas per 
gallon of fuel

*15
9.75
.225
.221

10.4

95-7

405 

10.1  

.23s 

.234 

1C.7

98

375
11.6

.296
.291
12.3
13.9m

111.5

360

12.7
.338

.333

12.5

113.5

333
16.5

.475

.469
15.55

139
.'Mie, . i4 _ . E. Heat Balance probably y * 13.0 is conreet.

Speed in m.p.h. i?e.7 37.7 47.1 1 57.0 66.9

imat available 
from fuel

CHU/gal
> Sj‘jl20

100 -

— 
« 

I

8)920
100

8)920
ICO

8)920
100

Feat to
tractive effort

CHU/gal 17S50
21.3

21000
25.0

23350
27.8

24700
29.4

25)00
30.2

Heat to exhaust 
(a) Sensible

CHUy/gal
A SS50

10.5
10900
13.C

16400
19.5

20)00
24.0

27200
52.4

(b) Latent CHU/gal 3240
3.9 JJf§ W .l

(c) Unburnt 
gases

CHU/gal
A 1 ?

T *
1 -

Heat to 
Cooling water

CHU/gal
A 30400

:*.?
25600

30.5
21100
25.1

17800
21.2

Unaccounted for (21.5) (21.S) 13.1 (16.9)| 10.6

" 1



Wlxtur^ by volume of

60 part# BTKYL ALCOHOL 
30 " PSTROL
10 n B2HZ0L

;.gBPO*l^lon by xelzht Carbon - 35.7 i
Hydrogoc- 13.0 %
Oxygen - 21.3 i 

■^gr_Celorlfic V a ^  67,560 C.H.O. per gallon
8,610 C.H.U. por lb. 

^geqlflo Gravity at 20 degrees Centigrade - .785 
Latent Heat 156 C.H.U. per Lb.
Kinematic Viscosity in abe. cg«. units .0106(1-,,0147 Î ZCf)
Vapour Press'irc

Teaperature 10 C 20 C So CV.P. In mm. of »g 48 90 130
Distillation Percent distilled lot 50t End point Tefliperat;nra 61 70 74



< •

3 #  No-̂ 7 801 #lcohol-M* Petrol- lot eenrol
Tab] 17A.

22nd SeptenioerA.v.

8;30 A.'/. H ra m te r-U .™Hg Dr, DulD-w.o ; • «  bulb-M.i ,

Approx. load 380 lbs
Initial tyre pressure, Ibs/sq Ins:- Front 27, Back 28,

av. Time o f speed run 
mph. mln,sec.

- % n a - - R B Ttyess. temp. 
insHgO galvo,

^atar temp. . F
in.man, vacuum Ins Hr

.Airtemp
F

1till leaser
Be#rin End M ffx lc

ri ^Oe » 4-09.7 2.5 - 320 140 - 12.3 66 “ 25.21 27.68 "24.7S 29.2 5-40.1 0.4 290 144 13.7 38.14 40.9 27.6R 30.37 4-59.6 2.C 325 141 12.2 41.12 43.64 25.2?S 29.0 5-33 0.3 290 146 14.0 44.14 47.0 28.6N 29.1 5- 1.3 3.0 310 142 12.1 47.24 49.66 24.4S 28.9 5-59 0.4 280 149 14.1 50.17 53.05 28.8Tyre pressures :- front 27.5 
Back 28N 36.1 3—21.8 5.0 470 143 “TT.HT 68 53.27 55.4 ”2173 ...S 37.7 4-19.2 0.9 460 147 12.8 56.29 59.0 27.1N 37.8 3-29.4 3.7 450 142 11.4 59.24 61,44 22.7S 37.2 4-18.7 1.4 470 148 13.0 62.16 64.5' 27.4N 37.8 3-32.5 4.8 460 142 11.3 65.15 67.38 22.5

J.5ZJ.. 4-19.5 1.0 465 149 13.1 68.1 70.84 27.4fyre pressures : — Front 28.5
Back 28.5W 4?.4 2-22.4 6.7 560 ”145 976 ”85 ”7 i . n ”72/98 ~T8T7" 'S 47.3 2-2.1 1.8 545 148 11.0 74.16 76.45 23.9 @

R 47.4 2-28.6 5.4 570 147 9.2 76.9 78.85 19.5 8
S 48.9 2-7.5 2.3 550 149 11.5 79.52 81.96 24.4
N 47.1 2-29.1 5.0 570 146 9.0 82.21 84.16 19.5
S 47.2 3-7.1 1.7 550 152 11.6 84 89 87.34 24.5
Tyre pressures :- Front 29 @ Sample l.

Back 29.5
'irar.-? 1 - 4 0  " 8.3 630 151 "1,8 71 87.75 89.41 16.6
S 58.0 2-13 3.0 600 153 8.5 90.4 92.54 21.4
S 57.0 1-4817 7.2 635 152 7.0 93.16 94.88 17.2
S 56.8 2-17.7 4.0 580 153 9.8 95.62 97.79 21.7
N 57.1 1-46 9.0 620 151 6.5 98.22 99.9 16.8
S 57.7 2-13.6 3.0 590 156 9.1 00.8 02.94 21.4
lyre pressures:- From :Back 2

-TT373— i z r t t -i o  t s tS 67.1 1-32.9 5.7 680
N 6606 1-17.5 11.3 TOOS 67.6 1-34.5 6.3 670
N 67.0 1-14.7 11.6S 67.9 1-26 5.1 670•SJre

5157 2.3 73 03.86 05.26 14.0
161 4.9 06.25 08.98 17.3
160 2.4 09.08 10.51 14.3
161 5.2 11.4 13.17 17.7
151 1.8 14.1 15.49 13.S
162 5.3 16.5 18.12 16.2

pressures ?ronT ~ ^ r  
Back 31

Kj

Acceleration tests

Accel!1time in seconds 21.6 20.2 21.3 20.2



iwmtrlWd Results of Table A.

Mean Barometric Freesure 
corrected for altitude, ins of 
Vapour Pressure of moisture 
In atmesphere (Average). Tnc f %

13,
c.
,11
390

Car Speed In m.p.h. 89.8 37.6 47,2 67.1 37.3
Wind Pressure, N
Inches of water. 8.6

0.4 4.6
1.1

6.7
1.9

8.1
3.3

11.7
5.7

Absolute Wind Velocity
in direction of motion, m.p.h. 10.8 18.7 12.6 12,6 12.0
Mean Tyre Pressure, Ibs/sq Ins 27.6 20,1 28.9 29.7 50.4
Mean All* Temperature °cent. 18.4 20.0 21.1 28.8 32.8
Miles per gallon y 84.6 21.9 19.2 16.9" 14,1

3 28.3 27.3 24.3 21.3 17.1
Simple Mean M.P.G. -6.4 24.6 21.7 19.2 15.6
Inlet Manifold Pressure, n 11.1 12.1 14,8 16.6 21,3inches of Kg absolute g 9.3 10.2 11.9 14.8 18.4

Average. 10,2 11,2. 13.0 15.4 19.8
Exhaust Gas Temperature N 360 ♦20 680 627 684degrees Centigrade. g 332 493 662 602 662(above atmospheric)

Average. 346 491 571 614 673
Cooling Water Temperature N 141 142 146 151 159at sntrance to radiator, s 146 146 150 154 161degrees Fahrenheit.
Average (converted to Cent.) 62.0 62.8 64.4 67 .C 71.1Temperature Difference,
water to air. Degrees Cent. 42.6 42.8 43.3 44.6 48.3
Acceleration Time (seconds) N 21,6

S 80.2 Average i.c.9
Exhaust Gas Analysis 12.50COg 3.1 %02 C.8 fjCO

- (estimated) 84.8 (by diff)
Remarks:-

TABLE 17 0 a.P.G. converted to Standard Basis.

Car Speed in m.p.h. 29,2 37.6 47.8 *7,1 67.3
Reciprocal Mean M.P.G. 
of North & South runs. 26.3 84.3 21.4 13.9 15.5

a) Wind
% Correction for

3.5 4.0 3.2 2.7 1.9

b) Weight "
c) Barometer 0.1 0.2 0.2 0.8 0.3

d) Air Tenp. 0.8 • -0,4 -0.9 -1.3

e) Tyre Press. 0.4 0.2 - 0.1 0.1

Total correction- # 4.0 4.4 3.0
8,1

1.0
Corrected Miles per Gallon 27.3| 25.- 22.1 19.l| 15.7
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- U - ~ 5  Voluaetple Kffiol.nc7 & Air/;^1 3.tio
Ideal Air/Fuel Ratio ^  ^
Average Molecular Weight „  ̂
Mixture Density relative to Air , n_,_________      X.UJO

Table

Speed in .n.p.h.
? v 37.6 47.2 57.1 67.3

Compression Temperature 383 366 346 328 310
Pressure

9*95 10.65 12.15 13.95 17.3Volumetric Efficiency 
Ditto to std. Basis

• &7 .?75 .334 .4.4 -530
• PJ8 .26? .324 .405 .525

Theoretical Air/Fuel Ratio 11.75 12.1 IJ.O 14.2 15.2
Air/Fuel ratio (exh. anal.) - * 12.g
height of exhaust gas per 
gallon of fuel 100 103 110

--------

119 127

-U- Keat Balance

Speed in m.p.h. ?9.2 37.9 47.4 57.4 67.5
Heat available 
from fuel

CHU/gal
> 67560loo 67$ % 67J60

Heat to
tractive effort

CHU/gal 17500
25.6

19600
29.0

20680
3O .6

2125c
31.4

20600
30.5

Heat to exhaust 
(a) Sensible

CHUy/gal
/C 884c

13.1
13300
19.7 If!?0 19650

29.1 w?
(b) Latent CHU/gal

p
4610
6.8

4750
7.0

5080
7.5

5500
8 .1 ?.?

(0) Unburnt 
gases

CHU/gal
/» ? T 400

0 .6 - -

Heat to 
Cooling water

CHU/gal
/V

35100
51.9

28000
41.4

21600
3 2 .0

17100
25.3

13600
20.1

Unaccounted for i (2.6 ) (2.9) 4.5 6 .1 6.3

r- - ■'
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E<U<q^_ie. 
Mixture by volume of:-

50 parte ETHYL AIJ10H0L 
50 " PETROL
20 M BaiZOL

Fuel Data 
Composition by eelrtit

Higher Calorific Value

Carbon - 70.1 *
Rynrcgen- i?.4 t  
CQgan - 17.5 %
70,720 c.H.U. par gallon 
8,820 c.H.U. per lb. 

iT̂ eclflc Gravltj «t 20 degrees centlgnads - .783 
Latent Heat 144 C.H.U. Per lb
Klnasallc Vlgaosltyln abs. ags. units .00813(1-.0120 f-20) 
Vapour Pressure

Distillation

Temperature 10 C 20 C SO CV.P. In am. of Hg 48 ?0 150

Percent distilled 10* 50* 2nd point
Temperature 60 68 95



FueL Koas 50* Alcohol-** Petrol-20* Benzol ^ - Ŝ e-"*er p^ -

Table IflA.

S’no p'w* Bar°meter-24.745 \ns Hp Dry bulb-56.8 ? Wet bulb-52.6 F 3.00 t . « 24.670 " *• » 77.2 f ” " 57.0 F

Approx. load 340 lbs
Initial tyre pressures, ibs/sq Ins-front 28, back 28.

Av. Time of #ind Exh. Water In.man.Air 
speed run press, temp. temp, vacuum temp, 
mph. rein.sec.InsHpO salvo F ins Hg F '

Mileages:-

-% -T .7 T 313'- 149 13.9 74:5 17.14 "19.76 "26.2.......S 28.9 5-40 1.1 320 146 13.8 20.15 22.88 27.3N 28.8 5-28.5 1.0 310 147 14.0 23.08 25.71 26.33 28.6 5-75 1.3 3LJ 146 13.9 26.03 28.7 26.7N 26.8 5-32.3 1.2 310 24* 13.8 22.9:' 21 51 26.6S 28.8 5-35.8 1.6 300 147 14.0 31.75 54.44 26.9Tyre pressures: - Front 27.5
Back 29.5"Rf 37; F 4-5.5 T.8 595 IFZ 13.6 "76' 3475" "37.18 25.8......S 38.1 4-10.2 2.5 415 149 12.5 37.49 40.14 26.5

N 37.8 4-7.9 1.9 415 153 13.4 40.3 42.9 26.0
S 37.8 4-16.4 2.5 410 151 12.2 43.15 45.84 26.9
N 37.8 4-6.1 1.8 400 152 12.9 46.01 48.6 25.9
S 37.9 4-18.3 2.3 370 151 13.0 48.98 51.7 27.2 .

^yre pressures:- Front 28.
Tnrrrsr '2-46.5 "3.3 540 154 11.5 75
S 47.9 2-52.4 3.7 555 253 10.5
N 47.6 2-53.2 3.2 550 154 11.3
S 47.2 2-55.4 4.0 555 154 10.3
N 47.0 2-53.9 3.1 550 157 11.8
S 46.9 2-48.9 3.4 5*0 156
Tyre pressures:- Front 28.5 FSjrepie 2

51.95 54:15" 54.85 57.14 
57.66 59.55 60.55 62.85 63.34 65.61 66.25 68.45

-azr^r22.522.9
23.0 22.722.0

nrsTiTT" 2=9 5.3
S 57.3 2-6.4 6.3
N 57.4 2-5.4 6.0
S 57.5 2-10.6 4.9
N 57.8 2-9.1 5.3
S 57.6 2-7.6 6.5

— 513 m r  160 159 
159

610 
600 595 
610 161 610 160

-73"8.08.98.58.88.7
’’i'yre pressures: Back 32

T W . 3  873 690
S 67.3 1-27.2 9.1 TOO
N 37.6 1-31.6 7.2 680
S 6(5.8 1-29.3 9.7 700
N 67.8 1-34.5 7.0 680S - 8.4 690
Tyre pressures:- Proiil 3575Back 32.5

T87
164

4.3
4.0

91 86.27 '8T.5B' 
89.09 90.72

166 5.0 91.95 93.67
166 4.9 94.84 96.5
167 5.4 83 97.5 99.28
167 4.2 00.3 01.99

-75- 53.34 71.38 -20.471.95 73.96 20.174.78 76.78 20.0
77.61 79.7 20.980.4 82.47 20.7
83.26 85.3 2Q.4

T 7 T16.3
17.216.617.816.9

Acceleration tests
N S N S N

Direction ____________ 1Q 2 20.1 18.8 21.



JABI'E 18--2_. Summarised Results of Table A.

Mean Barome'.ric Pressure 
corrected for altitude, ins of He »* Vapour Pressu.'e of moisture ' 
in atmosphere (Average). Ins of Hg 0 3’£

Car Speed in m.p.h. 28.8 37.9 47.4 57.4 67.5
Wind Pressure, N
inches of water. s 1.2 1.8 3.2 5.6 7.4

. 1.3 2,4 3.7 5.9 9.1
Absolute Wind Velocity
in direction of motion, o.n.h. 0.6 2.3 1.7 1.0 3.2
Mean Tyre Pressure, Ibs/sq ins 28.2 38.6 28.6 89.9 31.1
Mean Air Temperature ocent. 23.9 28.0 26.6 26.1 27.8
Miles per gallon N £6.4 P3.9 22.6 20,4 17.4a 27.0 26.9 22.6 20.8 16.6
Simple Mean M.P.G. 26.7 26.4 33.5 20.4 17.0
Inlet Manifold Pressure, N 9.2 9.0 11.6 14.1 18.5Inches of Hg absolute S 9.2 10.5 12.6 14.8 19.0

Average. 10.1 12.0 14.4 18.7
Exhaust Gas Temperature N 363 437 363 610 668degrees Centigrade. S 367 442 566 607 678hberre atmospheric)Average. 355 439 564 608 873
Cooling V.’ater Tempo rat ur* N 1*2 ra 135 160 167at entrance to radiator, S 146 160 154 160 166degree Fahrenheit.
Atir&ge (converted to Cent.) 63.9 66.1 68.0 71.1 74.7Temperature Difference,water to air. Degrees Cent. 40.0 41.1 42.8 45.0 46.9
Acceleration Time (second*) N 19.0

3 20.6 Average:- 19.7
Xxhauet Gee Analysis 13.6 %COg 2.0 pOg 0.2 ĈO

„ fjl2 (estimated) 84.2 1&2 (by diff)
Remarkst-

ifl C M.P.G. converted to Standard Baal-- .

Car Speed in m.p.h. 28.8 37,9 47.4 57.4 67.5
Reciprocal Mean M.P.G. of North & South runs. 26.7 26,4 22.3 20.4 17.0

a) Wind • • -
$ Correction for:-b) Weight -0.4 -0.3 -0.3 —0.2 -0.8

c) Barometer 0.1 0.1 0.1 Oil 0.1
d) Air Temp. -1.3 -1.9 — i 3 -2.6 -3.6
e) Tyre Press. -0.1 - 0.1 •

Total correction- f> -1.7 -2*1 -2.4 -2.7 -3.7
Corrected Miles per Gallon 26.3 25.9 22,0 19.9 16.4



-l®----   Volum«..w-i0 r .... £. Air/2T!»1 aatio
Ideal Air/Fuel Ratio

lie O
Average Molecular Velfhfc .
Mixture Density relative to Air

Speed in n.p.h. P8.6 37.9 47.4 57> 67.5

Compreesion Temperature K@0 396 367 344 323
Pressure 9.0 9.7 11.2 13.05 16.35

Volumetric Deficiency .8C3 .23? .290 .360 .461
Ditto to std. Basis ,?05 .237 • 297 .370. .497
Theoretical Air/Fuel Ratio 9.5 10.9 11.6 13.25 14.75
Air/Fuel ratio (exh, anal,) - - 12.7 •
Weight of exha .st gas ^er 
gallon of fuel 63 9^.5 101.5 113 125

Table 16 E Heat Balance

Speed In n.p.h. M.6 37.9 47.4 57.4 67.5

Ifeae available 
from fuel

CHU/gal
> 70̂ Hi: H ” HIS

Heat to
tractive effort

CHU/gal 1665C
23.6

eococ
<4 .3

goyu
29.1

22100
31.3

21500
30.4

Heat to exhaust 
(a) Sensible

CHUy/gal
A 7550

10.7
10400
16.1

15250
21.6 MT 22900

52.4

(b) Latent CHU/gal
%

3700
5.2

4?0C
5.9

4^20
6.4

5030
7.1

5560
7.9

(c) Unburnt 
gases

CHU/gal
> • - 400

0 .6 • -

Heat to 
Cooling water

CHU/gal ST 27? 00 
36.4

21200
5».0

1795C
25.* 15!”

Unaccounted for % (16.1) (16.3) 12.3 10.1 9.9



JPtrsL Mo.iq 
Mixture by volume of:-

40 part8 r m i ALCOHOL
50 " rSTTOL
50 " BENZOL

Fuel Data
CoapoRltlon by weight carbon - 74,2 t

Hydrogen- 11.9 <
Oxygen - 13.6 *

Hlgnsr Calorific Value 73,830 S.H.O. per gallon
6,210 C.H.U. per lb. 

Siytclflc 3ravlty&t BO degrees cseritî raoe .801 
Latent Heat 152 C.H.O. per lb.
Kinematic Viscosity In abs. cgs. units .00829(1-.0125 T"2J)
Vapour Pressure

Distillation

Temperature 10 C 20 C
7.P. in am. of Hg 56 98

C

Ps-eect dlstlllei 10* poi End pint 
Temperature 59 66 ill



j uel .No.19 40* Alcohol-30* Petrol-30* Benzol
Table 19A.

%  *:*: BerS * tc'--|4.fi5i in. gg Dry Wlb-SS.Z r wet 6ulb-g.3

Approx. load 380 lbs
Initial tyre pressures; ibs/sq Ins- front 26, back 27.

Av. tine rf "ind Exh. 
speed ran press, temp, 
nph. mln.sec.lnsKyO galvo

Water In.sen.Air temp, vacuum te%. 
y Ins Hs- v He gin

Mlleaures:-

T ^ 7 T
S ‘>S.8 
N 29.0 
S 29.1 N 29.3 
28.9 
tyre

5-20.95-6.1
5-22.55-3,7
5-24.8pressures:-

H T T
1.12.3
0.8
2.50.7

W
270
300270295
280

T T T O '  
S 38.3 
N 38.2 
S 38.3 
N 38.3 
S 38.3 
-  tyre

-3=37:5-4-18.3
3-47.84-23.2
3-47.54-24.5

BPront 26 
Back 27 

37T

131 1̂ .9 61-- 3372 35755T
144 14.0 47.21 49.78142 13.7 50.1 52.57141 14.1 52.96 55.57143 13.7 55.81 52.28145 14.0_____ 58.69 61.3

- a r r25.724.7 
26.124.7 
26.1

2.03.5 
1.9 3.7
1.6

" i W465
I
470485
450

T3S r n r - 58— 51:53-̂ .03 24.0

H — r -  
S 47.6 
N 47.4 
S 47.0 N 47.2 
5 48.1

pressures:- front 27"
________ Back 28

575"

151 147
152151152

13.2 
12.513.2
12.2 13.4

64.48 67.23 27.567.54 69.95 24.1 70.45 73.35 28.0 
73.58 76.0 24.276.49 79.3 28.1

3-10.7
2-44.7
3-15
2-45.6
3-11.1Tyre pressures:-

3.1
5.8
2.3
5.63.2

"55T
560590
560
590
580

TR?5.T
5 57.6 N 57.2 
S 57.6 N 57.1
S 57.3

1=5777"2-16.7
1-57.62-22.4 
2- 1.0  
2- 20.1

FronFTST 
Back 29 

355-

TFT
155
154
155
155156

- 1 5 7 0 — 75- 
11.9 10.5 12.2 10.8 
11.8 5 Seraple 4.

■7o#-ftr;gg" 21.482.63 85.15 25.2 85.38 87.55 21.788.22 90.77 25.5 
91.05 93.22 21.?93.92 96.47 25.5

75
.1
8
.2
.2
9

ty r e  pressure"

TBS 73— 72-- 96.84 92:07 ' 18.3
630 160 9.2 99.66 01.85 21.9640 158 6.0 02.48 04.35 18.7620 160 9.8 05.3 07.57 22.7
630 160 7.9 0 .15 10.07 19.2510 160 9 ^ _______ 10.97 13.2 22.3

TTSo.B 
S 68,2 
N 6628 
S 67.6 
N 67.0 S -

■ i-2T;r “ i: 
1-35.1 61-21.4 II 
1-35.3 4
1-26.1 12 5

?ron+.
Back ?9 
TT'-TBT"
0 690
.6
.8
.0
.2

740690
740
680

tyre pres mres: - front 79" 
Back 30

T52-----3 .5 -T 4 --------------------- IB7Q'163 6.2 17.12 19.92 18.0
161 3.7 20.06 21.57 15.1
164 5.8 22.76 24.55 17.9
161 4.1 25.7 27.3 16.0164 6,2 75 28.44 30.4 19.6

3

Acceleration tests

AccfI time in seconds 20.S 18.9 21.6 18.4 21.2 18.f



— —  Summarised Results of Table A.

Mean Barometric Pressure corrected for altitude, ins of Hg Vapour Pressure of moisture in atmosphere (Average). Ins of Kg
28.16
0.377

Car Speed in a.p.h. 29.1 38.2 47.5 57.2 57.2
Wind Pressure, N inches of water. g 2.40.9 3.61.8 6.03.0 8.34.3 11.65.3
Absolute Wind Velocity in direction of motion, a.p.h. 7.0 6.5 8.2 9.4 13.0
Mean Tyre Pressure, Ibe/sq ins 26.5 27 28 28.5 29
Mean Air Temf'Tsture <»Cent. 17.8 20.0 21.7 22.8 23.3
Miler per gallon n

S
Simple Mean M.P.O.

24.826,0
88.4

24.127.9
26.0

21.625.4
23.5

18.722.3
20.5

15.418.5
16.9

Inlet Manifold Pressure, N inches of Hg absolute £
Average,

9.69.3
9.4

10.910.0
10.4

u.o
11.'i
12.2

15.7 13.9
14.8

21.017.4
19.2

Exhaust Gas Temperature H degrees Centigrade. S (above atmospheric)Average.

'340 , 318
329

498490
494

598580
589

638622
630

710670
690

Cooling Water Temperature N at entrance to ra&iator, S degrees Fahrenheit.Average (converted to Cent.)Temperature Difference, water to air. Degrees Cent.

142145
62.0
44f2

148152
65.6
45.6

154156
68.3
46.6

159360
70.8
48.0

-41164
72.5
49.2

Acceleration Time (seconds) NS 21.818.7 Average:- 19.9
Sxhaust Oas Analysis 14,6 #C02 0.7 £°£ 0.4 ̂ 00

0.1 (astlasted) Q4.2 (by dlff)
Remai'ke: -

TABLE 19 C M.P.O. converted to Staidard Basis.

Car Speed in m.p.h. 29.1 38.L 47.5 57.2 67.2
Reciprocal Mean M.P.O. of North k South runs. 25.4 25.9 23.4 20.4 16,P

a) Wind 1.4 1.0 1.4 1.5 1.5
4 Correction for:-b) Weight - *

c) Barometer 0.2 0.3 0.4 0.4 0.5
d) Air Temp. 0.8 -0.6 -1.2 —1.5
e) Tyre Press. 0.8 0.7 0.4 0.4 0.4

Total correction- 4 3.2 2.0 1.6 1.1 0.9
Corrected Miles per Gallon 26.2 26.4 23.8 20.6 17.0



_i®5A2_ 14---- - Volu-astrie ; .lfloienc7 £. Air/rtiel Ratio
Ideal Air/Fuel Ratio

1?.C«Average Molecular .’eight
Mixture Lenaity relative to Air

Speed i. p.h.
M.l 36.2 97.5 57.2 67.2

Compression Temperature
i: '* Pressure

Volumetric Efficiency
Ditto to std. Basis
Theoretical Air/Fuel Ratio
Air/Fuel ratio (exh. anal.)
Weight of exhaust gas per 
gallon of fuel

9.2 
.811 
.205
9.3 

62.5

393
10.0
.?U2
.237
11.0

96

367

11.9
.296
.291
12.3
12.3  

106.5

399

13.4  

.371 

.367

13.5

116

322

6.6
497
.495
15.0

126.5

Table _ . E _ ---- ------- Heat Balance •

Speed in ra.p.h.
29.1 36.2 A7-.5 ._51dL £ l x Z ~ -

Heat available 
from fuel

CHU/gal
P

i I8
! 

!
i 

1

I
i .....!

73680
100

73680
100

73660
100

Heat to
tractive effort

CHU/gal
i H ; 

' 
1

20^00
127.6

22250
30.5

22900
31.0

22250
L ^ V .

Heat to exhaust 
(a) Sensible

CHU/gal
A 9?i°

125C0
16.9

16400
22.7 it!?

24200 
3?. 7

(b) Latent CHU/gal
% M070

5-5
9690
6 .3

510c
6.9

5660
7.7

(c) Unburnt 
gases

CHU/gal
p 1 1100

1.5 -

Heat to 
Cooling water

CHU/gal
/ 3ikoc 

h 92.5
20200 
rJ7.3

15100
20.4

Unaccounted for i (15.7) (7-5) 45.0 S.t 9.1



fUKL Nc. 20,
Mixture by volutie of

30 pefte ETHYL ALCOHOL 
30 M PEIfiOL
40 " BENZOL

Fuel Data
gogposnion by relcht Carbon - 79.4 t

Hydrogen -11.5 i
Oxygen - lo,3 <

Hlgteer Calorific value 77,0-10 C.H.o. per gallon
6,540 C.H.U. per lb.

Specific Oravety at 20 degrees centigrade -308
Latent H^at le2 C.H.U. per lb.
Kinematic Viscosity In ebs. cga. units .00748(1-.3121 T-25)
Vapour pressure ^  ̂  ^Teaperatore 10 C 20 C SO CV.P. In m . of Hr? 50 90 150

%l3tllla$l_qn Ferd^t distilled 10f= 50* % id point
Temperature 58.5 84 c?-6



rSiSUtoiZO 30* Alcohol-30* Pe .rol-40* BonzoF-̂ " sei't,Mtle1' A»M- 
  Mis_2fi;i.
e.30 A.u. Baroooter-«4;76l Ine a, D p  hulo-6o., , , «  hulb-^.3 ,
______     74.0 P “ " 60.| P

Approx. load 380 lbs>
In-.lal ,yrt- pressures, Ibs/sq Ins-lront 27, back 28.

Av. time of wind gxh.
S£SS «*run press, temp.

P • n i ln , s e c ,  insR gO  <?alvo

i r n ^ T
S 26.1 
N 28.2 
P 29.2 
N 29.2 
S 29.1

3^771 - 
5-14.7 5-7,4
5-16.7
6-12.3 5-15.7

Fator la.man.Airtemp, racuurn te ip.. 
P ins Hg "/ “

Mlleages:-

< *
Tyre pressuras:-

TTS~
1.0 1.4 
1.0  
1.3
i* o  a

"233 ™  TFT 5?— s F m r/T T T -g r .r -:? gt-5 
??? H'*8 95.9 96.47%  15.8 96.76 99.3

 15*9_______ 99.6 02.16

285 290 
280 290 270 

W o n T V T

m t t r
3 58.1 N 37.8 
S 38.1 N %8.2 
P 38.2

3 Z F 3 V T4-20
4-2.4
4-22.33-68.1
4-22.8

Back 
T7o 28.5
1.9 2.3
1.92.7
1.8

5 7 T
370
3 M
370393
370

Tyre pressures:- TFonl

T R -
146146146
118

TT71 "SB 5CW-55T93-15.4 05.37 06.12
15 0 06.35 10.915.3 11.36 14.1312.3 14.32 16.8515. 5_______ 17,29 20.08

TTJT.-Z 
S 46.7 
N 47.0 
S 46.9 
H 47. k
-147,0

— Z:55.4 
3-15.6 3-1.3 
3-16.62-56.32-48.7

DOUR OL
~ ^ .T  5 8 0 -
2.7 550
3.4 5703.7 565 
4.0 5703.4 560

150150
152153154 
755

i r . 8
12.211.812.0
11.811.8

eg- ^ ." 7  — 23:0—  23.25 25.81 25.4 9 26.15 28.52 23.7 9 28.95 31.51 25.6 
31.76 34.09 23.3 34,35 36.84 21.9?

Tyre pressures: -  ? ron t 28. 5 a Sample Z
Back 32 reduced to  30

IT e4 2—12.2 iT.S 64 I 157 9.5 73 ~rr?&rT9's&r■71.1S 57.0 2-22.6 4,3 530 157 10.0 40.34 42.6 22,6N 56.6 2-13.7 5.6 640 159 9.6 43.2 45.3 21.0S 57.1 2-21.9 8.8 630 158 9.9 45.02 48.27 22.5N 56.5 2-15.7 5.1 540 160 9.4 48.87 81.0 21.3S 57.5 2-21.6 5.6 635 159 9.7 51.69 53.95 22.6
Tyre pressures : -  F ront .5

Back 31 • 3irgsisr 1 -3 8 .d 7.6 ' 69? " 163 5.S 73 54.74 56.53 17.9 ..s f 1.4 1-45.2 7.8 700 164 6.0 57.96 59.6 19.4N 67.; 1-38.2 8.2 890 165 6.5 60.41 62.24 18.3S 67.5 1-40.2 7.8 TOO 165 6.5 63.16 65.04 18.8N 67.? 1-36.9 8.8 710 167 6.7 66.08 67.69 18.1
S 66.5 1-43 8.0 690 _ 165 3.3 73 68.81 70.71 19.0

Tyre |pressures:-- Front 3iT
Back 32

Acceleration tests

DirectionAccel, time In seconds
N S N S 19.5 19.8 19.6 20.0



Summarised Results of Table A.

Mean Barometric Pressure 
corrected for altilvde. in, of £6 os Vapour Pressure of me1stare 'in atmosphere (Average). in8 of ̂  Q ^

Car Speed in m.p.h. 29.8 38.1 47.1 87.0 66.9Wind Preseurt, Inches of water. NS 1.41.0 2.81.9 3.73.3 6.18.6 8.67.9
Absolute Wind Velocity 
in direction of motion, m.p.h. 2,0 2.4 1.6 1.5 1.2
Mean Tyre Pressure, Ibs/sq ins 87.7 28.4 29.6 50.1 31.5
Mean Air Temperature °cent. 18.3 19.4 21.1 82.8 ' at.A
Miles per gallon N 28.1 hae.s 23.3 t t ; i -- 18.1“ -

3 26.6 27.8 25.4 22.6 19.1
Simple Mean M.P.G. 25.3 26.6 24.3 21.8 18.6
Inlet Manifold Pressure, N 9.6 10.1 11.4 13.7 17.4inches of Hg absolute S 9.3 9.7 11.2 13.3 17.1

Average, 9.4 9.9 U.3 13.6 17.2
Exhaust Gas Temperature N 334 420 580 636 t>30degrees Centigrade. S 320 410 578 630 680(above atmospheric) Average. 327 415 676 633 680
Cooling V’ater Temperature N 143 146 162 169 165at entrance to radiator, S 142 2*6 133 156 185degrees Fahrenheit.Average (converted to Cent.) 61.4 63.3 67.D 70.3 73.9
Temperature Difference, water to air. Degrees Cent. 43.1 43.9 *5.9 49.5 #1.1
Acceleration Time (seconds) N

S
IB. ? 19.9 Average:» 19.8

• fJig (estimated) 85,0 (by diff)
Remarks:-

1 ABLE 20 C M.P.G. converted to Standard Basis.
Car Speed in m.p.h. 29.2 38.1 47,1 1 fc’.o - 68.V
Reciprocal Mean M.P.G. of North & South runs. 25.3 26.8 24.3 21.8 18.6

a) Wind> Correction for:-
4P

b) Weight * m

c) Barometer 0.1 0.1 0.1 0.1 0.1
d) Air Tenp. 0.6 0.8 -0.4 —1 »2 -1.3
e) Tyre Press. 0.3 —0.2 - —0.1

Total correction- $ 0.® 0.3 -0.5 -1.3
Corrected Miles per Gallon 28.6 26.6 24.6 H 18.4



mm
± aPJ-JL. £  Vclunetric ■' ffioienc;- & Air/Fu*1. Ratio

Ideal Air/Fuel Ratio _x ? • 5
Average Molecular V'eijht ^
Mixture Density relative to Air , nuu

Speed in n.p.h. 29.2 38.1
|— —----
4?.l 57.0 66.9

Compression Temperature 419 408 384 359 335
Pressure 9.2 9.5 10.55 12.2 15.05

Volumetric Efficiency .210 .22 .262 • 324 .429
Ditto to std. Basis .208 .221 .263 .327 .434
Theoretical Air/Fuel Ratio 9.1 10.2 11.1 12.5 14.2
Air/Fuel ratio (exh. anal.) - 12.5
Weight of exhaust gas per 
gallon of fuel 81.7 90.4 97.7 10* 122.5

Table 20 E Heat Balance

Speed in m.p.h. 2S .2 38.1 47.1
r ----
57.o 66 .9

Heat available 
from fuel

CHU/gal
p

77040
100

77040
100

77040
100

77040
100

77040
100

Heat co
tractive effort

CHU/gal 16200
21.0

20500
26:6

22600
29.3

24000
31.2

24100
31.3

Beat to exhaust 
(a) Sensible

CHU/gal
A

6800
8.8

15020
19.5

18600
24.1 utr

(b) Latent CHU/gal
A

3420
4.4

4090
5.3

456c
5-9 w

(0) Unburnt 
gases

CHU/gal
A 7 600

0 .8 - -

Heat to 
Cooling water

CHU/gal
A

29400
38.1

25400
32.9

21950
28.5

17200
22 .3

Unaccounted for /% (22.5) (16.5) 12 .2 10 .3 1 0 .3



g m  n o. £i.
K xt:'e tiv volume of

20 parts ETHYL ALCOHOL 
80 SO " PETROL

50 K BENZOL

?uel Data
Composition b, weight carbon - 84.4 i

Hydio?»n - 10.8 *
Oxy-er - 8.8 t 

Pjjher Calorific Value 80,200 O.H.U. per .allon
9,810 C.H.n. per lb

Speciflo Gravity at 20 depress '’entlTrade - .318
Latent Peat. Ill C.H.V. per lb
Klaertiatlc Viscosity In abr. cgs. ur.ltf .00881 0107 T™59)̂

Vtpour pressurg ■tm p m tu r, 10 0 ZOO W O
V.P. In mm. of Hg 55 100 175

nis+lllutlon percent Distilled 10% E>Oi Bed point
Temoor ̂ ture 56 6?.. 6 125



Ilble 2 U

?!oo p!m.‘ Brtrô ter-24.7M ins Hg Dry bulb-61.0 P wet bulb-55.9 ¥
* " 09 " 77.9 p " " 59.8 F

Apprcxlnete load 380 lbs
Initial tyre p re ssu re s ,lb s /eq ins- fro n t 27,bask 28.

Mlleases 
s5k! SlffxTo'

S 28.8 5-45.9n 29.2 5 -8 .5
ST28.6 5-51.1
h 29.0 5-12
S 29.2 5-46.9
Tyre pressures

r\ •*

" 7 T T T
4-71.4

“V
S 78.2 
N — —
S 38.5 4-26.6
N 38.1 3,52.5
S 38.5? 4-10 ?
^re pressures:

— n r
275 146

2.3 300 1420.5 270 147
2.8 500 1420,5 270 146
front 1T75 back 28

” o  T T — n r
1.4 380 150
3.0  400 147
1.7 370 150
5 .6  420 150
2.1 370 152

57:F35.-h6 53.11 25.5
17.8 58.77 61.54 27.7
12.4 61.76 64.26 25.0
14.0 64.76 67.55 27.9
12.8 67.74 70.25 25.1
14. 0_______ 70.72 73.55 28.3

- front 23
back 29

T r . T T T r
17.2 12.0 13.7 .
12.3 
15.9

T T T I  76.1-
76.82 79.7 
80.04 82.46 
33.16 86.0 
86.25 88.69 
89.36 92.1

“2779---
28.8
24.2
28.4
24.6

12_7ziLif ?r .kes used.
If TT.15 " 2-40.3" -T % S ..'570"— 156 71 .5— 72.5' 9 0 7  9T.49 21.2
S 47.2 3-10 3.1 56-i 155 11.3 95.38 97.85 24.9 0
n 48.9 2-50.6 4 .7 580 155 10.6 90.18 00.4 22.2 0
S 46.9 3-12 3 .5 570 156 11.9 01.06 03.55 25.0
N 47.3 2-48.3 5.1 575 157 10.9 o: .85 06.06 22.1
8 47.4 3-11 3.3 550 159 12.0 66.7 09.21 25.1
Tyre pressures:- front 29 6 8ample4.

back 30
T ' T ’JTB 2—7.6 7.4 o40 162 8.8 74 59.63 ll.V 20.4
S 57.5 2-21.3 5.3 640 164 2.5 12.51 14.77 22.6
X 57.2 2 -2 .9 6.4 650 163 9.0 15.39 17.34 19.5
S 57.2 2 -21 .7 5.5 630 163 9.9 16.24 20.48 22.5
N 57.0 2 -7 .7 9.7 660 1x1 8.2 21.1 JT 12 20.2
S 58.0 2-16.6 5.8 640 16v 9.9 23.88 26.08 22.0
Tyre pressures: - front fo

m w r.O 1-29-.T "T l . S
S 67.0 1-40.7 8.4
X 67.5 1-29.6 10.6
0 67.3 1-42.1 7.0
N 65.7 1-28.6 10.0
S 67.3 1-40.1 7.6

“TTT
750
750
720
740720

- m  F72 78-- 2T.'55~25776 TSTT
171 4.6  29.83 31.7 16.7
171 4.5  32.65 34.53 16.8
172 5 .7  35.59 37.5 19.1
170 4.4 75 39.79 41.46 16.7
172 5.9______42.48 44.35 18.7

~ifyre pressures- back 31

Arrelertitlon tests

in second 2K2 2o!a 21.0 20.5



-*1 P> Smmarlwd Results of Table A.

Mean Barometric Pressure corrected for altitude. in8 3f ̂Vapour Pressure of moisture **•67in atmosphere (Average), ins 0f Hg 0.376
Car Speed in m.p.h. 29.0 39.2 47.3 57.4 67.5Wind Pressure, N inches of water. 2.40.4 3.61.7 5.13.3 7.55.5 10.67.7Absolute Wind Velocity 
in direction of motion, m.p.h. 12.2 7.2 5.3 4.4 5.5Mean Tyre Pressure, iba/sq ins 27.4 27.9 29 30 30.5Mean Air Temperature Ocent. 20 21.7 22.8 83.9 24.4Milted per gallon #

S
Simple Mean M.P.G.

25.238.0
26.6

24.228.8
26.4

21.825.0
23.4

20.022.4
21.2

16.818.8
17.6

Inlet Manifold Pressure, u inches of Hg absolute g
Average,

10.69.2
9.8

11.09.5
10.2

12.411.5
11.9

14.513.4
13.9

18.7lv
18.4Exhaust Gas Temperature n deg-̂ es Centigrade. g (above atmospheric)Average.

350318
334

450412
431

586574
560

642632
637

-------- --
702700
701

Cooling Water Temperature N at entrance to radiator, s degrees Fahrenheit,Average (converted to Cent.) Temperature Difference, water to air. Degrees Cent.

142147
62.5
42.5

148151
65.3
43.6 I

156157
39.2 
46.4 !

163164
73.0
49.1

170172
77.2
52.8

Acceleration Time (seconds) NS 21.120.7 Average:- 20,9
Exhaust Gas Analysis 15.0 *C0g 0.2 frz 0.9 5500 

0.2 <Hg (estimated) 83.7 #*g (by diff)
Remarks:-

TABLE 21 0 M.P.O. converted to Standard Basis.

Car Speed in m.p.h. 29.0 38.2 47.2 57.4 67.5
Reciprocal Mean M.P.G. of North & South runs. 26.5 26.2 22.3 21.1 17.7

a) Wind? Correction for
b) Weight

4.5 1.3 0.6 
' -

0.3 0.4

c) Barometer - - •
d) Air Temp. • -0.6 —1.0 —1* 8 -2.0
e) Tyre Press. 0.3 0.3 * - 0.1

Total correction- # 4*8_ .1.9 -0.4 -1*5. ..— -It?
greeted Miles per Gallon 27.8 26.5 23.2 20.8 17.4



'iau j.e
" 2 1 " V "1UWtr : 0 fficlenoy L A ir, Puel fiat

Ideal Alr/Fucl Ratio
Average Molecular v9l<ht
K^x^are Benslty relative to Air

l?.9
73
1.046

Speed in m.p.h.

Compressj,on Temperature
*' Pressure

Volumetric Efficiency
Ditto to std. Basis
Theoretical Air/Fuel Ratio
Air/Fuel ratio (exh. anal.)
Weight of exhaust gas per 
gallon of fuel

?9.0

*17
9.6
.220
.210
10.0

*9.7

3* . 2

410
9.8
.228
.226
10.25

92

47.2

3«P
11,15
.279
.280
11.?
12.7

100

57.4

36*
12.6
-33*
-335
12.1

107

67.5

336
16.1  

>58 
> 6 5

14.2

124.5
Table ? l Keat Balance

Speed in m.p.h.

Heat available 
from fuel

Heat to
tractive effort

CHU/gal
>

CHU/gal

Heat to exhaust CHU/gal 
(a) Sensible

29.0

60200
100

38.2

60200
100

1760G
21.9

(b) Latent CHU/gal

(c) Unburnt CHU/gal
gases >

Heat to CHU/gal
Cooling water /»

Unaccounted for ^

%
9450
4.3

20500
25-5

lOJt'
12.9

n r

(20.0)

29000
36.2

(215)

47.2 57>

80200
100

21700
27.1

15500
19.3

18406.8

2260
2.8

2470030.8

15.2

6020010c

23100
28.6

18400
23.O

4100
5.1

2000026.0

(17.1)

67.5

80200100

22800
28.6

47806.0

1690021.1

14.7



R B L W * .  « . 
Mixture bj nf?.

10 parts ^THYL ALCOHOL 
250 " F m O L
60 " BENZOL

Fuel Data
Composition by setrht

Hitther Calorific V»lu#

Carbon - 66.S <
Hyaro^bu- 10.3 1 
Oxy"*?vn - 3.4 t
83,.560 C.H.TJo per gallon.
10,030 C.K.V. per lb. 

Specific Oxavlty at 20 degreee Centignulu .8*6 
Latent Heat 100 C.H.V. per lb.
Klneg. tie Vlggoalty in abe. Cgs. units .00645^1-.0107

iwosuxmia taiiper, ture io c  zoo z o c
V.P. In m. of Hg 56 100 170
Percent 11stilled 10* ^50» Ridgolnt



r uC X # C4C XU %
Petrol-60< Benzol 

l2b> 22a.
8,30 A.M. Barojaeter*24 «__ . _
3.00 P.M. " 24:^o " » ' ? ?  bulb-60.0 V ret bulb-56.1 F___________  75.7 F " ” 59.8 F
Aptrox load 340 lbs
I M t m  tyre pressures, lbs/s, Ins-Front 27.6, bank 27.6.

' £ ?  S -
1T5CT" S 29.1 
N 28.9 S 29.1 N 28.7 
S 29.3

3-:8.7
5-58.55-21.46-4 5
5-23.55-51.7

In.man.Air vacuum temp, 
ins Hg f Begin

Mlleages;-
TTTffxlO

tyre pressures

^.3 2 8 0 - HR-
0.4 280 151
2.1 280 1460.7 260 152
2.9 275 148
0.8 260 150

r ro n t 28

14.013.0 14.2
13.014.1

26.25 26.15 26.32 31.9 32.35 35.3 35.49 38.07 38.54 41.4

17575r
29.025.829.525.828.6

i f - v r r
S 38.0 
H 38.0 
S 38.0 V 37.9 
S 38.11

15:57.8
4-35.5
4-1.84-34.2
3-56.5
4-38.5

 Back
T 7 T
0.9
4.02.0 4.7 
1.2

28. 
m r ~
360405
360450
360

fy re  pressures]-  -ro'nt 28.5

1527
156
150 152
151 
156

-TZT5-13.5
12.413.1
11.913.3

75 7T.E 44.1 25. (T
44.64 47.55 29.1
47.8 50.36 25.551.0 53.9 29.054.15 56.64 24.9 57.27 60.22 29.5

"H 47:5 -2:'52.8" 5 3 ..  550 156 11.3 75 --“8335 62.86 -2Z-.-R' S 47.6 3-27.1 2.0 5,10 161 12.1 63.61 66.35 27.4 9N 47.3 2-56 4.6 580 160 11.1 66.37 66.98 23.1 eS 47.6 3-25 3.0 550 160 12.2 69.79 72.5 27.1K 47.5 2-52.9 5.8 585 161 10.9 72.79 75.07 22.8
..142,4 3-31.8 2.1 560 161 11.8 75.74 76.52 27.8

Tyre pressures -  Front 29 J Sample 2.Back 30
“ 0 7 . 5 8-3.5 8.5 880 16? 8.0 61 78.93 80.9 “1 9 :7 — ■S - - 5.5 645 164 9.8 81.87 84.3 24.3N 57.4 2-8.7 7.2 645 156 9.2 84.75 80.8 20.5S 57.6 2-36.2 4.3 630 167 9.9 87.55 90.05 25.0N 57.0 2-10.2 7.8 645 164 8.7 90.51 92.57 20.6
S 57.6 6-34.4 4.2 615 166 10.6 93.38 95.85 24.7

Tyre pressures: -  fro n t 30
1’’Ck 30.5

H  63.1 "T -7 1  ' 11.5 713 171 5.6 62 96.56 98.28 17.2
S 67.5 1-49.4 7.0 690 171 7.0 99.4 01.45 20.5
N* 67.3 1-34.2 10.0 720 172 5.0 02.2 03.96 17.6
S 67.4 1-51.2 7.7 670 173 7.1 06.47 03.58 20.8
N 67.0 lv37.5 11.0 v io 173 5.5 05.44 11.25 1S.1
S 67.5 1-44.5 6.8 685 174 7.0 83 12.19 14.15 19.6
fyre pressures: -  Front 30.b

Back 31.

Acceleration tests ♦

m  ..nnmds 21J2 20^6 21^9 2o?2

■
V«



 &  Summarised Results of Table A.

Mean Barometric Pressure 
corrected for altitude, ina of Hg 25.11 
Vapour Pressure of moisture 
in atmosphere (Average), ins of ̂  0,390

Car Spee4 in m.p.h. 29.0 36.0 47.5 57.4 67.5
Wind Pressure, N 2.4 4.1 5.1 7.6 10.8Inches of water. S 0.6 1.4 8.4 4.7 7.2
Absolute Wind Velocity in direction of motion, m.p.h. 9.7 10.0 8.9 7.3 6.8
Mean Tyre Pressure, Ibs/sq ins 27.7 28.4 29.1 29.9 30.5
Mean Air Temperature Qcent. , 25.0 25.6 86.7 27.2 27.8
Miles per gallon N 25.7 25.1 22.9 20.3 "If.TS-------S 29.1 29.2 27.4 24.7 20.3
Simple Mean M„P.G. 27.4 27.1 25.1 22.5 18.9
Inlet Manifold Pressure, N 10.2 10.8 12.2 14.8 18.1inches of Hg absolute 8 9.1 9.9 11.2 13.2 36.4

Average. 9.6 10.3 11.7 14.0 17.2
Exhaust Gas Temperature N 322 435 685 640 590
degrees Centigrade. S 316 400 657 622 668
(above atmospheric) Average. 320 4.17 >71 631 679
Cooling Water Temperature N 1*7 151 159 165 173
at entrance to radiator, S 151 18P 161 166 173
degrees Fahrenheit.Average (converted to Cant.) 65 67.2 71.1 74.2 78.0
Temperature Difference, water to air. Degrees Cent. 40.0 41.6 44.4 47.0 50.2
Acceleration Time (seconds) NS

21.5£0.4 Average:- 20.9
Exhaust Gas Analysis 14.8 # 0 2 # 2 2.3 #0

0.4 £H2 (estimated) 88.7 (by diff)
Remarks:-

TABLE 22 c U.P.G. converted to Standard Basis.

Car Speed in m.p.h. 29.0 38.0 47.5 57.4 67.5

Reciprocal Mean M.P.G. of North & South runs. 27.3 26.9 25.0 22.3 18.9

a) Wind 8.3 2.5 1.6 0.9 0.6
% Correction for:-b) Weight

c) Barometer
—0.4
0.1

-0.3
0.2

-0.3
0.2

-0.2
0.2

-0.2
0.3

d) Air Temp.
e) Tyre Preos.

-1.7
0.8

-2.1
m

-2.7 -3.1 -3.6
0.1

Total correction- f l.C 0.3 -1.2 -2.2 —2,8

Corrected Miles per Gallon 27.6 27.0 24.7 21.ti



TABLE 2 2  B. 3ummariaed Results of Table A.

yean Barometric Pressure corrected for altitude, ins Vapour Pressure of moisture in etmosph-re (Average). Ins
of Hg
of Hg

85.11
0.390

C-ar Sreed in m.p.h. 29.0 38.0 47.5 57.4 67,5
Wind Pressure, inches of water. F

d
2.40.6 4.11.4 5.12.4 V.84.7 10.87.2

Absolute Wind Velocity in direction of motion, m.p.h. 9.7 10.0 8.9 7.3 3.8
Mean Tyre Pressure, Ibs/sq Ins 27,7 28.4 29.1 29.9 30.5
Mean Air Temperature Ocent 85.0 25.6 26.7 27.2 27,8
Miles per gallon N3 25.729.1 25.129.2 22.927.4 £0.324.7 .XJ.T---30.3
Simple Mean M.P.G. 27.4 27.1 25.1 22.5 18.9
Inlet Manifold Pressure, inches of Hg absolute NS

10.2
9.1

10.89.9 12,211.8 14.813.2 18.116.4
Average. 9.6 10.5 11.7 14.0 17.2

Exhaust Gas Temperature degrees Centigrade, (above atmospheric) Average.

NS
382
318
320

433400
417

$89$67
571

640632
631

690608
679

Cooling V’ater Temperature at entrance to radiator, degrees Fahrenheit.Average (converted to Cent.Temperature Difference, water to air. Degrees Cent.

NS
)

147151
65
40.0

151155
67 c2
41.6

139161
71.1
44.4

166166
74.2
47.0

172173
78.0
50.2

Acceleration Time (seconds) KS
21.520.4 Average:- 20.0

Sxhaust Gas Analysis 14.6 ĈOg *» °̂2
0.4 £Hg (estimated) 82.7 ^2 (by dlff)

Remarks:-
TABLE 22 c U.P.O. converted to Standard Basis.

Car Speed in m.p.h. 39.0 38.0 47.5 57.4 67.5

Reciprocal Mean M.P.G. 27.3 26.9 26.0 22.3 18.9
of North & South runs.

2,8 3,5 1.3 0.9 0.6a) Wind -0.21> Correction for:- •0.4 -0.3 -0.3 -0,2b) Weight
0.1 0.2 0.8 0.2 0,3c) Barometer V • A
-1.7
0.2

-2.1 -2.7 —3.1 -3.6d) Air Temp.
e) Tyre Press. m - • 0.1

Total correction- 1.0 0.3 -1.2 
-r. .

-2.2 -8.8 ----------

Corrected Miles per Gallon 27.6  ̂L7.0 24.7 31,0



pp
--------- 2 volumetric Efficiency L Ai*/:uel Ratio
Ideal Air/Fuel Ratio 13.3

Average Molecular V'ei, ht 75
Mixture Density relative to Air 1.048 I

Speed in n.p.h. 29.0 38.0 47.5 57.4 67.5

Compression Temperature ^33 M ? 394 368 348
!i 11 Pressure 9.9 10.9 12.7 15.05

Volumetric Efficiency .208 .227 .264 .330 .413
Ditto to std. Basis .206 .226 .267 •337 .421
Theoretical Air/Fuel Ratio 9.6 10.4 11 .2 12.7 13.4
Air/Fuel ratio (exh. anal.) - 12.5 - -
Weight of exhaust gas per 
gallon of fuel 67.5 94 101 U 3 119

Table 22 E Heat Balance

Speed in m.p.h. 29.0 38.0 47.5 57.4 67.5

Heat aveliable 
from fuel

CHU/gai
>

83360
100

83360
100

8336O
100

83360
100

Heat to
tractive effort

CHU/gal 17450
21.C

20850
25.0

23100
27.7

24250
29-1

24100
29.6

Heat to exhaust 
(a) Sensible

omiy/gai
/U

7110
8.5

10150
12 .2

15400
18.5

10200
23.1

22000
26.4

(b) Latent CHU/gal 3260
3.9 cr 4230

5.1
4450
53

(c) Unburnt 
gases

CHU/gal 1 8860
9.0 ? ?

Heat to 
Cooling water

CHU/gal
'fi

33OOO
39-6

28800
3 M

24900
29.9

20750
24.9

16750
20.1

Unaccounted for I (27.°) (24.1) 12.4 (17.6) (20.2)

I



M ixture L-y volume o f : -

50 parts 3TFTYL ALCOHOL

40 w PETROL
10 M BENZOL

\

Fuel Data
Composition by weight

HlgLar Calorific Malue

CarDon - 39.0 *
Hydrogen - 13.2 %,
Oxygen - 17.8 
70,160 C.H.U. per gallon 
9,040 C.H.U. per lb.

Spec1flu u ra v lty  at 20 degrees Centigrade -  .777 

Latent Heat 143 C.H.U. per lb .

K in erne t ic  V l£cc i.:lty  in  mbs. Cgs. u n ite  .00930(1-. 0130 

Vacoui- ore cc ore
Teaperatui e 10 5 20 3 30 C
V . r .  In  :2fi3. o f  Hg 43 87 160

Percent distilled 10< 50* End pointTemperature 60 69.5 lie
Distillation



sot. ncohol-40t petroi-iotgi s4 ! i>teBt’er p’w- 
Table 23A.

It

3*00 p*y- !9Prô eter-24.760 Ins HP Dry bulb-61.4 ? wet bulb-18.6 P b.JJ r.%, 24.TOP " " " » 81.1 P " " 54.8 P

Approximate load 340 lbs
Initial tyre pressures, Ibs/sq ins- front 23, back 28.

* . Time of Ind Sxh. wate- In.man.Air speed run press, temp. temp, vacuum temp, 
mph. mln.sec.lnsHo0 galvo p ins He; ?

Mlleares:- 
Sê Tri 5n3 Mffxlo■ .6 

5-50.8 5-46.1 5-57.8 
5-53.6 
5-53.5 Tyre pressures:

28.728.7 
28.528.7
28j,6

^  353 155 13.6 65-----55T4P15P.5S--%ETB-2.̂ . 390 157 13.5 08,56 11.36 28.01.2 310 154 13.3 11.54 14.3 27.61.8 300 152 13.2 14.5 17.33 28.34.7 300 158 13.4 17.5 20.32 23.22.5 300 151 13.3______20.6 23.31 25.1

1TT775-----5^577
S 37.9 3-50.9
N 37.9 4-10.5S 37.2 4-7.7
N 38.0 4-11.4
S 38.0 4-6.6*yrr pressures:

Back 28.5
175  135— 12.6"
2.9 450 158 12.51.5 460 160 12.63.7 460 155 12.4
2.3 470 163 13.03.4 480 156 11.9

K 48 : 3--Z~Z77WS 47.2 2-44.2 5.2
N 47.3 2-55 3.0
S 47.5 2-43.2 4.0N 47.7 2-52.3 3.6
S 47.8 2-40.5 5.5

Front 29 Back 29 
17JT

"55-----^5755^5715 2C75”26.57 29.0 24.329.36 32.0 26.4
32.25 34.81 25.635.04 37.68 26.537.9 4Q.5 26.0

"555'570560
560550
560

lyre pressures:-
R 57.1 2-4.7 ”
S 57.1 2-5.5
N 57.5 2-5.2
S 57.8 2-7.8
N 57.8 2-5.2S 57.0 2-9.9
Tyre pressures:

1 7 5
5.65.3
5.8
4.8 5.2

^ronTTST
Back 31,

T 5 T
161159
161162
158

1 1 .9  " 37 4TJ.'S '43T3F10.0 43.54 45.6911.2 46.34 48.649.8 49.15 51.3
11.5 51.96 54.2410. 0_____ 54.87 87.Q
5 Sample 2.

610630
C20620
620

"M 62.7 1-3T57T 77?
S 67.2 1-29.5 8.0
N 67.0 1-30.8 7.5
S 65.8 1-3C.4 8.8
N 67.4 1-30.8 7.3S 68.3 1-29.7 8^4

"Front 31" 
Back 32 71!;“

TBS"
150151152152
153

"77? 74 gZ .?rM 7% r8.2 65.25 67.247.9 68.06 70.06
7.6 70.6 72.658.0 73.13 75.147.7 75.65 77.7

Tyre pressures:-

TOO 690 
700
680

WonTTJr
Back 32

" W161
161160161
160

1 :5 —72----78.31 7S.W
3.3 60.92 82.59
5.0 83.55 65.243.5 86.28 87.93
5.0 88.9 90.62.9 77 91.57 93.27

1275
21.5 
23.021.522.821.3

1577
16.7
16.#16.5
17.0
17.0

*
@

1578 19.9 20.020.5 
20.120.5

Acceleration tests.

1" seconds 1,7? = ^o =o"o 19?S

Re“ r?o:to SO sph tests carried out last.



TABLE 83 B. summarised Results of Table A.

Mean Barometric Pressure 
corrected for altitude, ine of Hg 25.C? 
Vapour Pressure of moisture 
in atmosphere (Average), in8 of ̂  0.205

Car Speed in m.p.h. faa.e 37.8 47.6
1-------------
57.4 67.1

Wind Pressure, 
inches of water. N

B
0.9
2.2 1.83.3

2.9 
4 9

5.0
5.5 7.3

8.4
Absolute Wind Velocity
in direction of motion, m.p.h. 6.3 5,5 6.0 1.3 2.0
Mean Tyre Pressure, Ibs/sq ins 26.1 28.9 29.5 ,* 31.5
Mean Air Temperature tjent. 28.9 30.0 30.8 *'■ v ̂ i 24.4
Miles per gallon N Ta.I li.l 2275 3 0  ' -i?; § ..3 26.1 25.4 21.4 20.3 16.7
Simple Mean M.P.G. 28.1 25.8 22.1 20.1 16.8
Inlet Manifold Pressure, N 9.8 10.5 12.1 15.4 IS.7inches of Hg absolute S 3.9 10.9 13,3 15.8 19.9

Average. 9.8 10.7 12.7 15.4 19.3
Exhaust Gas Temperature N 348 <60 1f n 127 677
degrees Centigrade. S 040 1132 I 118 688
(above atmospheric) 344 -Average. 189 m 522 600
Cooling Water Temperature N 158 ;,61 162 153 161
at entrance to radiator, S 153 :J56 160 132 160
degrees Fahrenh<it.
Average (converted to Cent.) 60.6 70.3 71.7 67.0 71.4
Temperature Difference, 
water to air. Degrees Cent. 39.? 40.3 41.1 43.1 47.0
Acceleration Tine (seconds) N

S
19.I”" 
20.0 Average:- 1®«®

Exhaust Gas Analysis 13.5 : .o fOg 0*3 zlco

Remarks-- Test rung at 60 and 70 a.p.h. and Qtsrrled out first.

s (estimated) 04.3 }̂g (by diff)
aooal.teats war#

TABLE 83 M.P.G. converted to Standard Basle.

Car Speed in m.p.h. 28.8 37.8 47.6 57.4 67.1

Reciprocal Mean M.P.G. 28.1 35.8 32.1 30.1 16.8of North & South runs.
a) Wind 1.8 0.8 0.7 - •

4 Correction for b) Weight -0.4 -0.3 -0.3 -0.2 -0.2

c) Barometer 0.1 0.1 0.1 0.2 0.3

d) Air Temp. -3.0 -3.8
-0,1

-4.4
-0.8

-i.e.
-0,3

-2.0
-0.1e) Tyre Press.

-2.1 -3.3 —4e 1 -1.9 -8.1Total correction- f
-2*.5 S6.0 21#% 19# V 16.5

Corrected Miles per Gallon



— —     Ve,«wtrt, Efficiency i. Alr/?uel Ratio
Ideax Air/luel Ratio
Average Molecular Wei;Jit
Mixture Density relative to Air

11.7
61

i.cui
Speed in m.p.h.

37.6 47.6 57.t 67.I
Compression Temperature

Pressure
Volumetric Efficiency
Ditto to std. Basis
Theoretical Air/Fuel Ratio
Air/Fuel ratio (exh. anal.)
Weight of exhaust gas per 
gallon of fuel

1̂7
9.6
.219

.22)
11.15

9^.?

398
10.3
.246
.254
11.55

97.5

370
U.9
.306

.312

12.25

12.7
103

340 
13.95 
• 391 
.398
14.5

120.5

321
16.9

.502

.512
15.75

130

Table ^  E Heat Balance

Speed in m.p.h. 2S.6 37.8 U . 6 57.4 67.1

Heat available 
from fuel

CHDVgal
Z'’

70160
IOO

70160
100

70160
100

70160
100

70160
100

Heat to
tractive effort

cnu/gai 17*00 
2%.8

19300
27.5

19700
28.1

21900
31.2

21550
30.8

Heat.to exhaust 
(a) Sensible

OHUy/gal
A

82BO
U.7

12500
17.8

15600
22.6

20200
28.7

24000
34.3

(b) Latent CHUy/gal 4ii6c
6.%

4620
6.6

4880
6.9

5710
8.1

6160
8.8

(c) lineurnt
g<v>oo

CHU/gal
z» 1 t 640

0.9 - -

Hear to
Coo', ing wate”

CHU/gal
ZV

25600
36.5

19350
27.6

16800
24.0

I38OO
19.7

Unaccounted for %
I

(io.7)| (11.6) 13.9 8 .0 6.4



EU3L Bo. 24.
Mixture by volume of

40 parts ETHYL ALCOHOL

40 M PETROL

20 " BENZOL

Fuel Data
Composition by weight

Higher Calorific Value

Specific Gravity 
Latent Heat 
Kinematic Viscosity 
Vapour Pressure

Carbon - 73*3 4 
Hydrogen- 12.6 &
Oxygen - 14.1 <.
73,320 C.H.V. per gallon 
9,340 C.H.O. per lb.
.785
133 C.H.U. per lb.

.00349(1-.0140 T^Z5)

Tw s ; ? . f i te r  t?° m °
Distillation percent distilled 10& 

Temperature 58
50* and point67 142



# #

j u e l j ^ . 2 4  404 M cohol-404 Petro l-PM . Ben?,!

Table 24a

pfft* Baro?ner- ^ ; »  ins HP c p  buib-M.0 F wet bulb-55.7 f 

Approximate load 780 lbs
Initial tyre pressures, lbs/sq Ins:- front 27, back ^7.5

!^nof W^nd 2xh. Water In.nan.Air
%  wln!?sec.lnsHg6 % %  ' T

Mileages:-
T i r m ^

##

T T Z t t  
S 29.1 N 28.9 S 28.6 
N 28.6 
S -

ttG T L
6-58.95-39.3
5-58.95-39.6

r:3
1.1 1.41.2 
1.1 1.2

T5F300300
300290
290

136138133
138
139 139

177915.7 13.615.813.9 
13.8

58 ■gr.T"
•1.604.7
07.7410.7815.77

-01:3404.507.42
10.5915.4816.64

-27.4 "

28.527.028.7Tyre pressures:- front 26 Car stopped for 5 minutes.
back 27W 37.9 3—32.3 2.2 370 140 H E / O 66 16.9 19714 (22.41S 37.6 4-23.7 1.8 390 141 12.9 19.82 22.57 27.5N 38.2 5-53.6 2.1 400 142 12.6 22.88 25.36 24.8S 37.8 4-19.2 1.9 390 142 12.5 25.64 28.56 y7.2It 38.2 4-1.8 2.2 405 148 12.8 28.88 31.45 25.7

S 37.9 4-19.4 2,2 380 143 13.0 31.77 34.5 27.3tyre pressures: - from 27.5
back 27.5N 47.1 2-50.4 3.3 5B0 146 11:7" 68 34.77 57.0 " 2Z.3

S 47.3 2-58.9 3.5 570 145 11.0 37.7 40.05 23.5
N 47.2 2-54 3.2 660 148 11.6 40.5 42."8 22.8 @
S 4~.8 3-1 3.9 560 147 10.9 43.35 45.7b 24 JO 8
N 47.3 2-55.3 3.2 555 149 11.6 46.18 48.48 23.0
S 47.2 3-1.9 4.0 570 147 10.8 49.06 51.44 23.8
fyre pressures:-- front 28.3 » Sample 3

back 27.5
2-6.3 4.9 610 152 9.0 7T" 51.94 13.95 20.1

8 66.7 2-5.2 5.7 610 160 6.9 54.78 56.75 19.7
W 57.4 2-1.1 5.0 610 151 9.5 57.58 56.75 19.3
8 57.0 2-7.7 5.8 620 .,151 9.1 60.37 62.39 20.2
N 57.4 2-10.5 5.2 620 152 6.6 63.21 65.29 20.8
S 58.1 6.2 620 152 6.9 65.9 66.03 21.3
Tyre pressures - front 28.5 

back ?-9 1 B'FT-'B'*--FT -4T ---
mrr
+
36.4
67.5 67.1

1-7G.TT
S 
N 
S 
N
S   _Tyre pressures

1-35
1-34.6
1-35.1

6.57.5
9.0 7.88.0

680
710680
681680

162 5.TT 74
161 4.3
163 5.0
165 5.3
164 5.1
163 4.0 77

71.75 73.F5 74.64 76.4 7^.4 79.1580.08 81.85 83.01 84.78
front ^S.5
back 29

16.017.6 17.517.7
17.7

Acceleration tests..

:ccel"tlwe in seconds is'.'s *0.4 1».6 20.1



Summarised Results of Table A.

Mean Barometric Pressure corrected for altitude, ine of H* 25,11 
Vapour Pressure of moisture in atmosphere (Average), ins of Hg °»3*5

Car Speed in o.p.h. ae,8 37.9 47.3 57.6 er.3
Wind Pressure, N inches of water. g ~T73 " 

l.l x a
2.0 r.£

3.6 6.0
5.9 — f.e..8.6

Absolute Wind Velocity 
in direction of motion, n.p.h. 1.0 0.7 2.0 2.3 1.1
Mean Tyre Pressure, Ibs/sq ins "E7 79.4 £6.8
Mean Air Temperature Ocent. If.s - trrr " 83.1 .....
Miles per gallon x

S
Simple Mean M.P.G.

8 T .B
28.7
27,9

*8.1-
27.3
26.8

- *3.5
23.8
83.1

rror-
30.4
20.3

'” 1773--
17.7
17.6

Inlet Manifold Pressure, n inches of Hg absolute g
Average.

6.4
9.4

10.5
10.5

['"T1.8
12.4
13.1

14.5
14.3
14.2

13,4
19 1 
18.7

Exhaust Gas Temperature N ! degrees Centigrade. s ' (above atmospheric)Average.
b
140

4d0
426
427

870
580
575

t o  -
618
618

673
666
670

Cooling Water Temperature N at entrance to radiator, 5 degrees Fahrenheit.Average (converted to Cent.)Temperature Difference, water to air. Degrees Cent.

[38138
58.9
41.7

142142
61,1
41.7

"140"’"
148
63.9
43.3

IBS151 i
66.4
44.2

IBS
163
72.8
48.9

Acceleration Tine (seconds) NS Average:- 1*"*
Exhaust Gas Analysis * ŜCOg

ySg (estimated) 6̂i2 (̂ y diff)
Remarks:-

04TABLE 0 m.P.G. converted to Standard Basis.

Car Spaed in m.p.h. 83.3 3777"“ 17.5 3776 ■'67.3

Reciprocal Mean M.P.G. 27.9 26.2 23.2 20.2 17.6
of North & South runs.

a) Wind
$ Correction for —

b) Weight
0.1 0.2 0.2 0.2 0 3c) Baronster
1.0 0.2 -0.2 -0.9 -1.8d) Air Temp.
0.5 0.7 0.5 0.4 0.5e) Tyre Press.
1.6 1.1 0.5 -0.3 -1.0

Total cu.rcction- %
Corrected Miles poi Gallon

28.9



   Volumetric fficienc-; L Air/Fuel Ratio
Ideal Air/Fuel Ratio Xc • 15
Average Molecular Weight
Mixture Density relative to Air i ok-*

Speed in ti.p.h. ' ?S.S 37.9 47.3 57-6 67.3
Compression Temperature 413 392 368 349 327

Pressure 9.2 10.1 11.3 12.85 16.4
Volumetric Efficiency .212 .245 .292 .350 .478
Ditto to std. Basis .209 .243 .290 • 351 .4*2
Theoretical Air/Fuel Ratio 10.6 11.6 12.25 12.8 15.4
Air/Fuel ratic (exh. anal.) • 12.8 *» «*
7,'eight of exhaust gas per 
gallon ol fuel 91 99 104 1C4.5 129

Table E Heat Balance

Speed in n«p.h. M.i 37.9 47.3 57.6 67.3

Heat avpliable CHU/gal 
from fuel h IP!C 1ST m * °

T'ICOloo

Heat to CIiCJ/ 
tractive effort % u?r 20500

27.9
21800
29.7

0 
!

rr, ,
SRj

22800
31.1

Heat to exhaust CEUy/gal 
(a) Sensible /»

liooo
15.0

15950
21.8

18100 
24. 7

(b) Latent CEU/gal 4100
5.6

4450
6.1

4680
6.4

4890
6.7

____  —
n r

(c) Unburnt C HD/gal 
gases ? % 640

0.9

Heat to CHU/gal 
Cooling water ^ m n

22810
31.1

17700
24.2 15350

20.9

Unaccounted for ^ (10.7) (12.4) 10.1 13.9 8.0



^UEL No. 2b.
M ixture by volume o f

FA 30 parts ETHY! ‘ T00H0L

40 M PETROL

30 " BEN70L

Fuel Data
Composition by weight

Higher Calorific value

Specific Gravity 
Latent Heat 
cinematic Viscosity 
pour Pressure

Carbon - 75,5 *
Hydrogen- 12,0 
Oxygen -10.5 *
76,480 C.H.U. per gallon 
V,630 C.H.U. per lb.
.7gf
127 C.H.U. per lb.

.00741(1-.0116 T-ZG)

>isti nation

Temperature 10 C 20 C 30 C
V.P. in mm. of Hr 55 102 184

Percent distilled 10* 50* End point
Temperature 57 65 137



fuel_Nos_-25 SOS Alcohol-40* Petrol-Soi Benzol
Thule 25/

p‘w* **r^ter-24.760 Ins Hp- Dry bulb-61.4 ? ^et bulb-48.6 ? ?.̂ >0 P.M. 24.7-12 " " » " 81.1 P ” " 54.fi P

Approximate load ?so lbs

mitlsl tyre pressures, Ibs/sq Ins- front 28, back 29.

Av. Time of
speed run "*lnd Sxh. 'rater In.man.Airpress, temp. temp, vacuum temp, mph. rain.sec.InsMgO mlvo

Mileages
P" ins fte ^  Se^fn 1 Erifl " OlffxlO

29.0 
28.9 
° 8.8
29.0
29.0 *yre

6- 0.2
5-40.2 
S—4.1
5-39.86-2.%

1.0
1.6
1.11.31.3

285
300300295
290pressures:- front 27.5

138 138139 139 139

52--------------- "57.313.7 72.4 75.3 29.013.8 75.55 78.28 27,313.8 78.58 81.F 29.213.9 81.68 C4.42 f>7.413.6 84.7 87.92 29.2
back

"W37."8' ' 3=576'™ 790 142 66'""*37753 90.44 287T .S 37.7 4-24.4 2.2 595 141 12.9 90. .8 95.55 27.7
X 37.9 4-10.4 2.0 590 14a 13.2 93.81 95.45 26.48 27.fi 4-26.5 2.3 400 142 17.3 95,77 99.57 28.0N 38.2 4-12 2.1 400 143 13.0 99.8 02.47 26.7
? 38.1 4-25 2.1 390 143 13.1 02.87 05.67 28.0 .

Tyre pressures:-  fro n t 25back 29
N IT'.B 5-0.4 7.4 675 'T45-' 11.4 66 " 0579" 58.28 -7.8
S 46.6 3-14.8 3.0 560 145 11.3 08.88 11.37 25.2
N 47.7 3-0.4 3,7 580 147 11.4 11.7 14.09 23,9
S 47.0 3-16.1 3.2 570 146 11.5 14.54 17.1 25.6
N 47.3 2-0.3 3.7 570 148 11.5 17.41 19.78 23.7
S 46.4 5-18.1 3.1 580 147 11.9 20.25 22.8 25.5
Tyre pressures: -  fro n t 29

back 50
1TT6.P" ■ ■ z = r r r ^ 5.4 625 151 978T 70 23.15 25.25 21.6
S 57.1 2-18 5.3 640 149 9.3 25.96 28.15 21.9
N 57.4 2-15 4.9 620 150 9.4 28.8 30.95 21.5
S 57.1 2-19.6 5.4 630 151 9,0 31.63 33.84 22.1

N 57.2 2-14.1 5.6 635 152 9.3 34.45 36.58 21.3
S 57.2 2-19.8 5.5 630 151 9*1 37.31 29.52 22.2
^ r e  pressures:

Ts
N
S
N
S

3 T T67.7
67.8 67.4 
68.1

Tyre

1-39.6
1-39.1
1-401-39.1
1-39.1 "pressures:

back
"fTF8.0
7.3 
8.5 7.87.3

32
TTfT
705 
710700710
706

-  front 317 back 32.

ipg— 5;?~7?— 5 ^ m frT8"T57r
157 5.2 43.1 44.97 18.7
158 5.4 45.91 47.78 18.7158 5.8 48.7 50.57 18.7
159 5.8 51.58 53.46 18.8159 6.0______54.35 56.19 18.4

Acceleration tests

Accel!1 time In seconds 19.5 20.3 19.r -0.7



TABLS 48 E. uummariaed Results of T-'.ble A.

I

Mean Barooetrlc Pressure 
corrected for altitude, ins of Hg 26,07 
Vapour Pressure of moisture in atmosphere (Average). Lae of Hg 0.&05

Car Speed in m.p.h. 29.0 27.9 47.1 57,2 67,5
Wind Pressure, inches of water. NS 1.41.1 2.18.2 3.63.1 5.35.4 7.67.9
Absolute Wind Velocity in direction of motion, m.p.h. 1.6 0.3 1.5 0,8 1.0
Mean Tyre Pressure, Ibe/sq. ins 28.4 28.4 29 3 .2 31.5
Mean Air Temperature °cer:t. 17.8 19.4 20.6 21.7 28.8
Miles per gallon NS

27.3 29.1 2d.427.9 25,4 ■■sur32.1 — ICT 18.6
Simple Mean U.P.G. 28.2 29.1 24.6 21.7 18.6
Inlet Manifold Pressure, inches of Hg absolute NS

8.49.6 10.110.1 11.911.6 13.914.3 17.917.7
Average. 9.4 10.1 11.7 14.0 17.8

Exhaust Gas Temperature degrees Centigrade, (above atmospheric) Average.

NS
340337
338

430433
431

307577
682

626630
628

690685
687

Cooling Water Temperature at entrance to radiator, degrees Fahrenheit.Average (converted to Cent.)Temperature Difference, water to air. Degrees Cent.

*s
138139
68.8
41.4

143148
61.4
42.0

147146
63.6
43.0

151150
65.8
**•

159168
70,3
48.1.

Acceleration Time (oeconde) NS
14.620.5 Average 80.0

Exhaust Gas Analysis #%g
• ^Hg (estimated)

(5C0
^Jg (by diff)

Remarks:-
TABLE 28 g u.P.G. converted to Standard Basis.

Car Speed in m.p.h. 23.0 37.9 47.1 57.8 67.5

Reciprocal Mean M.P.G. of North & South runs. 23.2 27.1 24.1 21.7 18.6

a) Wind
4 Correction for b) Weight

c) Barometer
d) Air Temp.
e) Tyre iress. 

Total correction- $

0.1
0,3
•0.2

0 .7

0.1
0.2

0.3

0.1
-0.2

-0.1

0.2
-0.7

-0.6

0.2
-1.0
-0.1
-0.9

Corrected Miles per Gallon 2 F .T 27 #2 4>4t#X 21# o io#%



r~ r

L

— 25--- 5 Volumetric .fflcle
Ideal Air/Fuel Ratio 
Average Molecular V’ei; ht 
Mixture Density relative to Air

acy & Air/Fuel Ratio

Speed in a.p.h. 29.0 37.9 47.1 57.2 67.5
Compression Temperature 420 405 376 554 332

Pressure 9.2 9.7 10.95 12.7 15.6
Volumetric Efficiency .209 .229 .276 .342 .449
Ditto to std. Basis .208 .228 .276 .3*3 .453
Theoretical Air/Fuel Ratio 10.4 11.0 11.9 13.3 15.1
Air/Fuel ratio (exh. anal.} • - 13.3 • &
Weight of exhaust gas per 
gallon of fuel 90.7 95.2 102.5 113.5 128

Table 25 Heat Balance

Speed in m.p.h.
— — — —  

29.* 37.9 47.1 57.2 67.5

Heat available 
from fuel

CHU/gal
>

76480
100

76480
100

76480
100

76480
100

76480
100

Heat to
tractive effort

CHU/gal 17950
23.5

21000
27.4

22500
29.5

24000
31.4

24100
31i6

Heat to exhaust 
(a) Sensible

CHU/gal 7840
10.3

IO65O
13.9

15900
20.8

§
1

 
crir 
h eu

1

24000
31.4

(b; Latent CHU/gal
% V.l° &60

5.2
4260
5.6

4720
6 .2 in0

(c) Unburnt 
gases

CHU/gal
/=> t t 400

0 .6 - *■*

Heat to 
Cooling water

. CHU/gal
% 13!5 I9OOI

24.9 %

Unaccounted for i (15.1) (15.1) 12.9 12.4 9.3



BZSL n o^ u
Ifix tu re  by volume o f

20 parts  ETHYL ALCOHOL

40 " PETROL

SO BENZOL

Fuel Data
Composition by l alEiiL

yghor Calorific Valus

gpeclflc Gravity 
Latent Ku&L 
gin entitle Viscosity 
Vapour Pressure

Carbon - 81.6 < 
Hydrop’en- 11.R <.
Qjyrren - 6.9 i 
79,640 C.H.U. per gallon 
9,930 C.H.b. per lb. 
.802
110 C.H.U. per lb.

.00682(1-.0115

Temperature 10 C 20 c 30 C
V.F. In r-r. of He 48 92 165

msUD'SSlm percent distilled 10* 50* and point
Temperature 57 33 142



?£ 20*Alcohol—40  ̂ petrol-104 Benzol— S- 2L1S’— —
Table ^6;

B.fO A.M.raror «er-P4;to| 1.. J* o p  bult>-6|.0 P ,et balh-55.7 P

Apiroxl-nnte load 340 lbs
Initial tyre pressures, lbs/sc Ins:- front 27, back 28.

’npn. .In.sec.lnsHjO calvo. F Ins Hr F la^Tn eria JTTf̂ clo"

W r n  ”1 1  M  B  ” II l» I:i; g:» m  : S5 IB K  K  SI:S 5 5 3
^ # W # W ^ f o r , ^ W i 2 - _ l ^ ------ 0 W 9 Q7,?a 26.8
____________________Back 28.5
'T W n  4-14.2 ?75 ^  ' B 6--1775" '52---gTJW 16.83 26T9—S 37.8 4-25.2 2.7 395 157 13.0 10.91 13.68 27.7
N 38.0 4-19.4 1.8 410 160 13.4 13.92 16.66 27.4S 37.9 4-22 2.8 380 155 13.0 16.86 19.62 27.6
N 38.0 4-13.8 2.1 400 161 13.3 20.0 22.68 26.8S 38.8 4j26.1 2.5 390 157 13.0_____ 22.89 25.7 28.1"yre pressures:- yront 2S

Back 29
~>T~47.3----- 4=T75---O ----- 550--------153--TI7B 53--- 27:54™25735r™2375—S 47.3 3-14.5 4.8 570 159 11.3 28.95 31.5 25.5 «N 47.4 3-6.2 3.7 560 161 12.0 31.77 34.22 24.5 9S 47.4 3-7.7 4.2 565 153 11.3 34.63 37.1 24.7
N 47.5 3-10.3 2.8 550 168 12.3 37.46 39.97 25.1
£ Tyre ^  "

-T57.-7— srjT77— ----5TF SB 43.26 1^77......ST.1—
S 57.4 2-17.7 6.5 655 168 9.0 43.04 48.23 21.9N 57.6 2-15.5 5.0 660 171 9.4 48.84 51.01 21.7

I |f M  E  i  lg lli
Tyre pressures:- ^roni 29.#

w w t t w i r m w
s:K 730 174_L,. ,66 74.49 76.39 19,0...

Tyre pressures:-Front si
# Back 32.-------- ------------------------------

A/p^irratlon tests

Accel!"M«e in seconle 19% 21-®



-TAB- ~ 3* —  Suwnariaed Results of Table A.

Wear. Barometric Pressure 
corrected for altitude, ina of Hg 
Vapour Pressure of moisture & 5.U
in atmosphere (Average). ins of Hg

Car Speed in m.p.h. 86 .0 30,1 49,4 67.6
r

67,6W?nd Pressure, N 
inches of water. g 1 .0

1.0
2 .0
2 .7

3 ,6
4 .8

6 .3
6 .7

8.7
9 .4

Absolute Wind Velocity 
in direction of motion, m.p.h. 4 .6 2 .6 3 ,6 3 .3 1 .3
Mean Tyre Pressure, Ibs/eq ins

*7 *7 28.8 26.9 89 ,8 30.9Mean Air Temperature Acent. 27. a 28.3 28.9 29 .4 29 .4Miles per gallon n
S

Simple Mean M.P.G.

86.3
26.3

* 8 ,4

27.0
87 .8

27 .4

24.5
85.0
24.7

21.7  
82.0

81 .8

19.0
18.8

16.9
Inlet Manifold Pressure, K 
inches of Hg absolute s

Average.

9.3
10.0

9.8

9 .7
10.8

9 .9

11.2
18.1
11.6

13.7
14.6

14 .1

17 .4
18.5

17.9
Exhaust Gas Temperature N 
degrees Centigrade. S 
(above atmospheric)

Average.

320
348

334

426
428

426

578
662

m

640
965

.058

696
706

700
Cooling Water Temperature N 
at entrance to radiator, S 
degrees Fahrenheit.
Average (converted to Cent.)
Temperature Difference, 
water to air. Degrees Cent.

156
149

66.7

38 .9

189
156

60.7
41 .4

If.
162

72.9
43.9

170
167

75.0

46 .4

177
174

79.7

Acceleration Time (seconds) N
3 19.481.5 Average:- 80 .4

Exhaust Gas Analysis ^4.5 ĈOg 0*2 £°2 0*6 ĉo
q 2 (estimated) ©4,® *̂2 (by dlff)

Remarks:- very gusty

TABLE fiA_C y.P.G. converted to Standard Basis.

Car Speed in m.p.h. 28,0 38.1 47 4 57.8 67.3

Reciprocal Mean M.P.G. 
of North & South runs. 28 .4 37,4 24 .7 21 .8 18.9

a) Wind 0 .6 0 .1 0 .2 0 .1 -
4 Correction for:-b) Weight -0 .4 -0 .3 —0 .3 -0 .8 -0 .3

c) Barometer 0 .1 0 .3 0 .3 0 .8 0 .3

d) Air Temp. —3 .5 -3 .2 -3 .6 -4 .1 -4 .3

e) Tyre Press. 0 .1 0 .1 -
Total correction- ^ __ -4 .2

Corrected Miles per Gallon 27.8 26.6 83,9 21,0 18.1



— —  '— - Volumetric Efficiency L Air/F-uel Ratio
Ideal Ur/Fuel Ratio 13# 05
Average Molecular Wel^t 74
Mixture Density relative to Air 1.047

Speed in n.p.h.
- — —  
38.6 38.1 47.4 67.6 67.6

Comprcar- ion Temperature 435 428 396 380 366
Pressure 9.4 9.5 10.85 12.8 15.7

Volumetric Efficiency .206 .215 .262 .322 .420
Ditto to std. Basis .210 .221 .271 .335 .438
Theoretical Air/Fuel Ratio 10.2 10.3 11.4 12.6 14.2
Air/Fuel ratio (exh anal.) - - 13.0 - ■
Weight of exhaust gas per
gallon <f fuel 89.7 90.5 99.5 108 122
Table 26 E Heat Balance

Speed in m.p.h. 28.8 38.1 47.4 67.6 67.6

Heat available CHU/gal 79640 79640 79640 79640 79640from fuel A> 100 100 100 100 100

Heat to CliU/gâ . 17600 20600 22350 23300 23750tractive effort % 22.1 25.8 28.1 29.3 29.8

Heat to exhaust OHU/^gal 7640 10000 15300 19050 23300
(a) Sensible /O 9,6 12.6 19.2 23.9 29.3

(b) Latent CHU/gal 363© 3660 4030 4370 4660
% 4.6 4.6 6.1 .> 6 6.2

(0) Unburnt CHU/gal 1230
gases /0 ? ? - ? m

Heat to CHU/gal mo© 28200 23800 19700 16660
Cooling water y*> 4C t 36.3 39.6 84.7 20.8

Unaccounted for (23.4) (21.8) 16.3 (16.6) 13.9



aJSo. %7.
Mixture toy volume o fj-

:i0 perta ETHYL ALCOHOL 
40 " PATROL
50 " BENZOL

A'-M

Fuel Data
cowoeaitlcm tô welrht

Higtoer Calorific Value

Specific Gravity 
Lftt»nt Heat 
Klhe<Batlc VIbcoslvy 
Yapour Pressure

Distillation

Carbon - 85.6 <$,
Hy^rosren- 11.0 %

O ry f^ r. - ?,4 <*■
82,8on c.R.V. per gallon. 
10,220 C.H.rT. per lb.
.810
i? C.H.U. per lb.

.0062i(i-.0102 r^y)

Temperature 10 C 2o C 50 C
V.P. In mm. of H& 50 94 170

percent distilled lOi M i  ted_joint
Temperature 57 72 15



NO. 27.
M ixtu re  by volume o f

10 parte kthyl AL30H0L 
40 " PATROL
so " e m d L

Fuel Data
COrflDOKltl nn b. ngj

.xalrrlflc Value

Specific Privity 
Latent Meet 
Kinematic visooelty

Carbon - BP.6 %
Ky4ro?en- n . o  t 
OEJfyren - 2.4 *
82,eon c.h.tj. per gallon.
10,220 C.H.O. per lb.
.810
99 C.H.CJ. per lb.

.00651(1-.0102 T~ZU)

Distillation

Temperature 10 C 2o C 30 C
V.P. In mm. of 8g 50 94 170

Percent distilled lot Sot End point Temperature 57 72 121



2 21 lO-- /lcohol-,01 t̂rol..50̂ In,o!i'tCTbt’r
Table 2?A_

Approx. load 4CD lbs.
mltlgl tyre pressure, lbs/so ins- front 27, back 27.

AV.
speed
uph.

time of Hnd TxTiT 
run press, temp. 

mln.sec.lnsHgO ralvo
yater in,man.Air 
temp, vacuum temp

ttiiea/'es:-
V ms Hi? 9 Be?in End 1)5 f fxlO

M 29.CF 
S 28.7 
V 28.5 
S 29.4 N 28.7 
S 29.0

D-1%.7
6-8.45-21
6-5.6 6-21 
3-9.8

2.5 280 
0.4 300
3.0 29C1.0 280 
3.0 280 0.8 270

154
155 151 154 
149 157

~rr.T
12.912.013.3
12.813.5

79 T6.46 TT.o 13.59 16.51 16.68 19.22 
19.8 22.78 23.1 25.66 26.12 29.1

■’ 25.429.425.429.8 25.629.8Tyre pressures ^ront 2T Back 2737.8 
S 38.1 
N 37.8 
S —N 38.1 
S 38.2

3-49.4
4-28.5 3-48.4
3-49.6
4-33.8

778 450 
1.1 380 3.5 490 1.8 3905.3 501
1.4 390

TTRfl
x57
156158155161

“ITIS
13.0 11,5 13.2
11.0 
13.0

81 T33rS1772- 32.41 35.25 35.5 37.9 38.55 41.5 41.66 44.29 44.8 47.7

Z4.T- -28.4
24.029.5 24.3
29.0

Tyre pressures :- Front 28 
Back 29S 47.0 

e- 47.0 
N 47.8 ? 47.7 
N 47.9 S 47.6

2-47.5
3-192-513-23.1
2- 39.3
3-23.8

7.2 596
2.0 550 4.5 5802.7 560
6.3 600
2.8 550

151163164 155 
166 166

9.7 
11.8 10.7 
11.29.7 
11.3

82 51.05 53.65 53.93 56.2 
56.91 59.6 59.95 62.07 
62.86 65.55

21."5"26.022.7
26.9 8 21.2 8
26.9

Tyre press'nres:- Front 23 Back 29
asasnie

.5
2

Hrw.-fl"
S 57.5 
N 57.3 
S 57.3 N - 
S 57.6

1-5771
2-24.7 
2-3.8 2-2: .4
2-20.5

OT.J STQT
3.4 640 7.7 670
5.0 630
8.0 660 5.0 620

led
168
166171
171
170

7.09.2
8.99.5
£.2
9.8

8? 66.0 67.85 68.85 71.1671.7 73.37 
74.47 76.75 
77.34 79.3580.1 82.35

18.523.119.7
22.820.122.5

Tyre pressures
T t t TS 67.4 
N 66.9 S 67.7 N 47.7 
S 67.5

T-25."F
1-39.51-27.7
1-42.11-28.7

Back 
T O T ”8.0 9,0 6.5 11.5

29.5

~myre pressures

730 170
740 173730 174730 175

1-31*9 7.0 720 1ZLessures:-rront

T O T4.04.5
5.0 4.2
4.5

“HI 83.35 84.86 1F.186.0 67,87 18.7
89.06 90w89 16.391.67 93.59 19.294.68 96.35 16.700.05 01.77 17.2

Rack 30.

Acceleration tests

z A  ^  ? I- 9



TAB1JL_27 ~  Sunmarised Reauits of Table A.

Mean Barooetnc Pressure 
corrected for altitude, ina of Hr 
Vapour Pressure of moisture 
in atmosphere (Average). in8 0f Hg

24.90
0.245

Car Speed in m.p.h. 28. e 38.0 47.5 57.3 67.4
Wind Pressure, 
Inches of water. N

S 2.80.7 4.21.4 6,02.5 8.24.5 11,37.2
Absolute Wind Velocity
in direction of mr on, m.p.h. 9.8 10.7 10.2 8.3 7.4
Mean Tyre Pressure, lbs/sc ins 27 27.9 28.7 29.2 8W\3Mean Air Temperature °Cent. '

24.7 27.2 27-.fi 28.3 27Miles per gallon N 25.5 24.1 21.9 19.4 33.0S 29.7 29.0 26.6 22.9 is.r
Simple Mean M.P.G. 27.5 25.5 24.3 21.1 17.3
Inlet Manifold Pressure, N 10.5 12.0 13.3 15.6 18.Inches of Hg absolute S 9.9 10.0 11.8 13.7 18.3

Average. 10.2 11.0 12.5 14.6 18.3
Exhaust Gas Temperature N 330 518 600 667 702degrees Centigrade. 8 330 426 570 630 648(above atmospheric)

Average. 330 472 585 643 673
Coo.1 xOg Water Temperature N 151 156 164 1*6 273at entrance to radiator, S 155 159 165 170 172degrees Fahrenheit.
Average (converted to Cent.) 67.2 69.7 73.6 76.1 78.0Temperature Difference,
water to air. Degrees Cent. 40.5 42,9 45,8 47.8 50.8
Acceleration Time (seconds) N 21.4

S 22.0 Average Ir i *» 1
Exhaust Gas Analysis 14.9 %C02 - 1.4 ICC

0.3 (eutinmted) 85.4 (by di'f)

Remarks:-

TABLE Sy C M.P.G. converted to Standard Basis.

Car Speed in m.p.h. 28.3 38.0 47.8 67.3 67.4
Reciprocal Mean M.P.G. 
of North k South runs.

27.4 26.4 24.0 20.9 17.1

a) Wind 2.9 2.9 2.1 1.2 0.7
% Correction for

b) Weight 0.5 0.4 0.3 0,3 0.2
c) Oti.rcet.ter *0.1 -0.1 -0.1 —0.2 -0,2

d) Air Tens. -2.3 -2,7 -3.2 -3.6 -3.3
e) Tyre Press. 

Total correction- $

0.5
1.8

0.3
0.8

0.1
-0.8

0.2
—2,’-----

0.3
-2.3

Corrected Miles per Gallon 27.9 26.6 23.8 20.6j 16.7



„-.abAS 32 j Volumetric Efficiency l Air/lnel Ratio
Ideal Air/Fuel Ratio , - .JLOeO
Average Molecular V'eî it 7 9

Mixture venaity relative to Air 1.049

Speed in m.p.h. 88,8 38.0 47.6 67.5 67.4

Compression Temperature 489 408 387 366- 348
Pressure 10,0 10.6 11.7 13.8 16.6

Volumetric Efficiency .226 .249 .290 .348 1468
Ditto to std. Basis 222 .248 .892 .363 .472
Theoretical Air/Fuel Ratio 10.7 11.6 12.8 12.66 13.96
Air/Fuel ratio (exh. ; .1.) - - 13.0 -
Weight of exhaust gas per 
gallon of fuel 96 101 107 110.6 *31

Table 27 E Heat Balance

Speed in m.p.h. 28.8

82800
100

38.0 47.6 67.3 67.4

Heat available CHD/gal 
from fuel >

3280
100

82800
too

82800
100

82800
100

Heat to CHU/gal 
tractive effort

17660
21.3

20500
24.8

22260
26.9

22800
27.5

21900
26.6

Heat to exhaust CHU/gal
(a) Sensible

(b) Latent cKTJ/ga 1
%

(0) Unburnt CHb/gal 
gases S’

8000
9.7

12600
15.1

16760
20.2

19200
23.2

22200
SS,8

3600
4.4

3840
4.6

4060
4,C

4200
6.1

4600
6 .6

? t
3800
4,6 » r

Heat to CHU/gal 
Cooling water ^

33600
40.8

26000
3E.1

24960
30.2

19900
24.1

16460
16.7

vfUnaccounted for (24.8) (20.4) 13.2 ' ,< \ ) (22.4)



EB&JIO. 28. 
Mixture by volume of>

40 peril ITHYL ALCOHOL 
SO " PETROL
10 " BENZOL

fuel Data
position by weight

% h e i  CalcrlflQ VelUfi

Spoclflo Gravity 
Latent Heat 
Kinematic Vlecoslty 
Vapour Pressure

Distillation

Carbon - 72.2 %

Hyaros-en- lo.4 <
Oxygen - 14.4 <
72,760 C.H.U. per gallon 
9,440 C.H.U. per lb.
,771
151 C.H.H. per lb.

.00855(1-.0168 1=20)

Temperature 
V.P. ,1 "Of Hg

10 C £ C 30 C51 98 175

percent distilled 10* 50% End point
Temperature 59,5 68.7 141.5



ruox "iconoi_5o% Petrol-10% Denrol 
Table ?m

8;Z0 a.h. Baro«ter.|4;76i u ,  *  Dry Dulb-M.3 r wet bule-K.8

fpnrox. load 530 lbs
Initial tyre pressures, lbs/sq Ins- front P.8, back 29.

/‘v* Tlfne of wlnd Exh. Water In.pan.Air 
E^h. mlivaec.lnsH^o %lvo te?P* I n f S  ^ T ' B e H n

leases
T!na fTTI xl 6

H"' -S 29.3 N 29.3 
S 29.1 
N 23.9 S 29.2

6-2.95-4.8
6-2.5 5-2.1 
5-59.5

T 7 2 " 
0.32.5
0.62.80.5

7 1 5 -1 3 9290 146
300 140290 149 300 147 
290 148

“ 12,"B 68' ‘
14.013.0 13.8 13.5 13.7

49.4352.7
55.9559.2762.74

■42755"52.3955.1858.9261.7
65.66

"Z f.Z " -29.6 24.829.7 24.3 29.2Tyre? pressures: -  fro n t 26back 27N 38.3 4.8 470 147 n .o 72 65.87 "22". 5— ..S 78.2 4-23.9 0.7 440 150 12.3 68.9 71.7 28.0N 77.9 3-40.2 3.8 510 148 10.5 71.93 74.25 23.2S 38.0 4-19.5 1.7 400 151 13.5 75.1 77.34 27.4N 37.9 3-37.1 5.1 460 147 tiro 78.12 80.41 22.9S 38.0 4-30 1.1 440 152 12.5 81.25 84.1 28.5
"Tyre pressures: - front 26 >

back 29N 47.1 2—33. f> 6.6 565 131 1V7T" "75 " 84.37 66.36 "1^.1 "
S 47.4 2-8.6 2.4 550 152 10.7 87.3 89.78 24. S
N 47.0 2-35.4 5.3 560 153 10.0 90.25 92.28 20.3
N 47.3 2-34,5 6.8 580 151 9.5 93.27 38.3 20.3
8 47.0 3-12 3.0 550 154 10.8 93.27 95.78 25.1
S — — 2.3 560 154 10.9 99.13 01.6 24.7
Tyre pressures: - front 23.5back

"■ 1-49.13 8.5 600 -53 T.d 76 62.25 *95 17 # (3
S 57.5 2-17.. 7 4.8 590 155 9.0 05. c 17.2 22.0
N 57.2 1-54.1 7.2 630 157 6.6 07.92 09.73 18.1
S 56.6 2-20.8 4.8 590 157 8.8 10.65 12.66 22.1
N 9.0 620 167 7. 1 — — -
S 57.5 2-19.8 5.0 590 153 9.6 16.31 18.49 21.8

Tyre pressures:- front 73
«*- --1— —*-- back-- 31 — TKT- S.TT 78 T075B“ ■15;0 "
S 66.5 
hN 67.2 S67.4 
N 65.9

1-38.5
1-23.81-40.6
1-19.3

6.210.06.5
12.0

S 67.4___1-4^. 6 5^2 » u r
Tvfe presdiires:- front 29.0ha«k 31

690700670770
"SO

162162
161166
164

4.33.2 
5.03.2 
JLO.

22.1 23.9225.13 26.69 
27.8 29.6638.2
35.39

39.6537.27

18.2
15.618.8
:.4.5
18.8

back 31

Acceleration tests.

n Z V T l "  in seconds ^



Summarised Results of Table A.

Mean Barometric Pre. -e corrected for altitude. in8 of up Vapour Pressure of moisture in atmosphere (Average). Ins 0f Hg

Car Speed in m.p.h. 28.8 38.1 47.2 57.0 66.9
Wind Pressure, inches of water. NS 2.50,5 4.61.1 6,02.6 8.24.9 11.26.0
Absolute Wind Velocity In direction of motion, m.p.h. 11.1 13.2 9.8 7.3 10,3
Kean Tyre Pressure, Ibs/sq ins 87.5 27,7 28.0 29,6 30.2
Mean Air Temperature oCent> 21.1 23.3 24.4 26.0 25.6
Miles per gallon N 24.5 22.7 20.8 17.6 15.18 28.5 88.0 24.9 22.0 18.6
Simple Mean M.P.G. 27.0 25.3 22.5 19.8 16.8
Inlet Manifold Preeeuie, N if.a 12.3 13.5 “ 16.1 30.1inches of Hg absolute S 9.4 1C.4 12.8 14.2 19.3

Average, 9.8 11.4 13.0 15.1 19.7
Exhaust Gas Temperature N 348 516 577 618 685degrees Centigrade. S 337 457 562 602 680(above atmospheric) Average. 342 496 569 610 682
Cooling V'ater Temperature N 111 147 152 156 162
it entrance to radiator, S 140 151 153 157 164
degrees Fahrenheit.Average (converted to Cent.) 62,5 65.0 67,3 69.2 72.8
Temperature Difference, water to air. Degrees Cent. 41.4 41.7 42.6 41.3 47.2
Accelere.ion Time (seconds) NS

6?.421.1 Average 21.8
Exhaust Gas Analysis 12»#C0£ ' *)g *

£H2 (estimated) 84.4 Ĵ2 (by diff)
Remai ks • ••

TABLE 83 c M.P.O. converted tc Standard Basis.

Car Speed in m.p.h. 29.2 38.1 47.2 57.0 66.9
Reciprocal Mean M.P.G. of North & South runs.

26,8 26.1 22.3 19.6 16.6

a) Wind 3.7 4.3 1.9 0.9 1.4
% Correction for:-b) Weight 2.0 1.7 1.4 1.8 0.9

«) Baron# ter »
d) Air Temp. -.•’.4 -1.2 “ 1.8 -2.1 *2.6
e) Tyre Press. 0.3 0.3 • 0.1 0.8

Total correction- f 5.4 5.1 1.5 0.1 -0.1

Corrected Miles per Gallon 28.5 26 • 4
— i

22.7 19.6 16*0



lablS- _96 Volumetric Fl'fldenc-T - Alr/?u,l Ratio
Ideal Air/Fuel Ratio .JLe » o
Average Molecular Vei. ht 66

Mix are Density relative to A ir 1.043

Speed in m.p.h. ! 39.2
i . .

38.1 47.2 57.0 66.9
Compression Temperature

Pressure
Volumetric Efficiency
Ditto to std. Basis
Theoretical Air/Fuel Ratio
Air/Fuel ratio (exh. anal,}
Weight of exhaust gas per 
gallon of fuel

j 413 
9.6 
.221 
.210 

10.9

91.5

386
10.96

.271

.268
12.65

104.5

367 
12.06 

.52 3 

.308 
12.9 
14.08 
107.6

360
13.7

.372

.372
13.6

112.6

328
17.8

.600

.600
16.6

127.6

Taule 28 E Heat Balance

Speed in m.p.h. 29.8 38.1 47.2 67.0 66.9

Heat available CHU/gal 78760 72760 72760 72760 72760from fuel > 100 100 100 100 100

Heat to CHU/gal 17900 20400 21200 21800 21600tractive effort i 24.5 28.0 39.1 29.R 29.9

Heat to exhaust CHUy/gal 7990 13340 16300 18400 83660
(a) Sensible A 11.0 18.4 22.4 26.4 32.6

(b) Latent CHU/gal 4000 4670 4700 4920 6680
z» S.b 6.3 6.6 6.8 7r7

(o) Unburnt 
gases

CHU/gal - - - - -

Heat to CHU/gal 33860 28100 21760 17330 14100
Cooling water /V 46.6 38.6 29.9 23.8 19.4

Dnaccounted for X 12.4 8.7 12.1 14.1 11.4
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Mixture by volume of

30 parts KTHTL ALCOHOL 
50 N PETROL 

BENZOL20

Fuel Data
Composition by weight

Higher Calorific Value

Specific Gravity 
Latent heat 
Kinematic Viscosity 
Vapour Prssure

Carbon - 76.5 t 
Hyirogeo- 12.B 
Oxygon - 10.7 %

75,9% yor gallon
9,750 fi.H.O. oer lb.
.778
119 C.H.n. per lb.

,0 '760(1-.0133 t-c5)

Teaperature 10 C 20 C 30 C
V.P. In SI. Of Hg 53 99 175

Distillation Percent distilled lot 50t End point Temperature 56 66 144

L



--- H° - ^  3 M  'lcohol-50» Petrol-20,

s lr o  K m T 'n t  "Hff^Dry ouio-(W .h F Wet b u ib -h i.B  f   •*>orz> " 76.5 P " ” 55.3 ?

Approx load 460 lbs.
 t̂ rre pressure, lbs/sq Ins- front 28, back 29.

Av. Time of TLnfl Exh. 
speed run press, temp, 
fflph. mln.sec.]nsHgO ̂ alvo

Water In.man.Air temp, vacuum temp.
F ms Hg P Begin

Mileages
THTfxTB

S 28.6 N 29.2 
S 28.9 
N 29.0 
S 29.0

~T=T?---
5-58.4
5-36.8
5-50.65-41
5-46.9

t : 7 r a r
0.4 300 0.9 300 1.6 300 1.5 290 2.0 310

m144
144144
146
140

13.2 13.9
13.3 13.2 
13.6 
13.0

76 12.7215.74
18.85
21.9025.0728.16

13.32 
18.51 
21.58 24.78 27.82 30.95

"2B7328.7 27.328.8 27.5 27.9Tyre
"TO fl"

pressures:- Front 28Back 29N .4/.8
S 37.8 
N 38.0 
S 38.1 
N 38.2 
S 38.0

3-57.9
4-19.03-54
4-15.83-52.4
4-21.2

2.6 400
2.0 3903.1 450 
2.5 430 3.3 470 
1.8 420

148
148149
150 152 154

13.0 12.8
13.0 13.9 12.5
13.0

73™ 7i:i ■34.0737.0439.97
42.8845.91

73.-3-
36.7939.5142.6845.3548.67

-15:6.27.224.7 
27.124.7
27.6Tyre pressures: - Front 28.5

Back 29.N 4 7 . 5 2-42.5 "5.7 585 155 16.0 74 49To T T IS 11.8S 47.2 3-8.4 3.0 570 155 11.2 51.88 54.35 24.7N 47.1 2-47.2 4.4 570 153 10.2 =4.68 56.87 21.£S 47.2 3-12.5 3.4 570 156 11.0 57.45 59.98 25.3 e
N 47.0 2-45.4 5.4 580 156 10.0 80.24 62,4 21.6S 47.1 3-14.5 3.0 580 157 11.0 62.95 65.5 25.5 9Tyre pressures:-• Front 29 <$ Sample 1.

Back 29M 37.2 1-57.1 8.2 670 " 166 7.0 76 85.85 67.71 1378S 57.0 2-19.5 5.0 630 159 8.5 68.45 70.66 22.1
M 57.2 1-59.7 7.5 670 161 7.5 71.07 72.97 19.0
S 57.4 2-16.2 4.6 670 160 7.5 73.86 70.03 21.7 7
N 55.0 2-0.4 8.0 650 160 7.8 76.6 78.54 18.4
S 57.7 2-21 5.5 630 161 9.2 79.29 81.5/ 22.6
Tyre pressures

"TT67.I
S 67.2 N 68.8 
S 67.0 N 67.2 
S 66.7 

Tyre

I-2F7JT
1-39.7
1-291-41
1-29
1-43.1

15757.7
9.5 
8.2

11.06.5

Back 30 
735'
700720
680
740
700

153-164
165 
168166167

"75---- 85:29 63.68-84.82 86.68 
87.59 89.29 91.17 92.05 92.94 94.6 95.96 97.87

T53T 
18.6 17 0 
16.8 1C.6 
19.1

pressures >  Tront 70
Back 32

Acceleration tests

Direction „ 0,M, OAra P1N1
mo In KfiCOndS 21.3 *.0.0 £1.1



TABLETS B. Sumar^sed Results of Table A.

Mean Barometric Pressure 
corrected for altitude. ia8 of Hg 
Vapour Pressure of moisture 
In atmosphere (Average), ins of Hg

24.95
0.245

Car Spetd in m.p.h. 25.1 58.0 47.2 66.9 67.3
Wind Pressure. N 3.4 3.0 5.2 7.9 10.8laches of water. g 1.3 2.1 3.1 5,0 7.6
Absolute Wind Velocity 0.5 3.2 6.0 6.4 6.3in direction of motion, m.p.h.
Mean Tyre Pressure, Ibe/sq ins 28.5 28.6 28.9 29.2 30,2
Mean Air Temperature Ocent. 22.2 22.8 23.9 24.4 24.+
Miles per gallon n 27.4 '24.8 21.8 18.7 le.T”

S 26.5 27.3 25.2 22,2 18.8
Simple Mean M.P.G. 27.9 26.0 23.5 80.4 17.6
Inlet Manifold Pressure, N 9.7 10.3 13.1 15.9 18.9inches of Hg absolute s 9.7 10.2 12,1 14.8 17.4

Average. 9.7 10.2 12.6 15.3
Exhaust Gas Temperature N $50 47 0 590 854 700
degrees Centigrade. S 350 448 583 640 678
(above atmospheric)

Average. 350 451 586 647 689
Cooling Water Temperature N 143 150 155 160 165
at entrance to radiator, S 142 151 156 180 166
degrees Fahrenheit,
Average (converted to Cent.) 61.4 53.9 68.6 71.1 74.3
Temperature Difference,
water to air. Degrees Cent. 39.2 43.0 44.7 46.7 46.8
Acceleration Time (seconds) N 21.2

S 30.3 Average:- 20*7
Sthauat Gas Analysis £co2

fjHg (estimated) 94.8 (by diff)

U.P.G. converted to Standard Basis.

Car Speed In m,p.h.
Reciprocal Mean M.P.G. 
of North & South runs.

Correction for:-
a) Wind

29.1
27/9

28.0
26.0

47.2
23.4

96.9



 ---— - Volumetric fflclenc- L Air/luel Ratio
Ideal Air/Fnoi Ratio 12.75

Average Molecular V'eiiht 70

Mixture Density re la t iv e  to Air 1.04'

Speed in m.p.h. 29.1 38.0 47.2 56.9 67.3

Compression Temperature 419 410 372 349 334
Pressure 9.6 9 .8 11.8 13.86 16.8

Volumetric Efficiency .216 .226 .303 .379 ■  ,452
Ditto to atd. Basis .216 .828 .303 .381 456
Theoretical Air/Fue 1 Ratio 10.9 10.7 15.0 14.2 14.7
Air/Fuel ratio (exh. anal.) - - 12.85
Weight of exhaust gas per 
gallon of fuel 92.7 91 109 116 1*2

Table esi E Heat Balance

Speed in m.p.h. 29.1 38.0 47.2 66.9 67.3

Heat available 
from fuel

CHU/gal
P

76920
100

76920
*00

75920
100

76920
100

75920
100

Heat to
tractive effort

CHU/gal 17650
23.3

20100
26.6

21900
28.8

22500
29.6

22800
30.0

Heat to exhaust 
(a) Sensible

CHU/gal
X

8300
11.0

_ fc/wOO
14.4

17100
38.6

20680
27.2

22900
30.2

(b) Latent CHU/gal 4800
6.6

4120
6.4

4940
6.6

5350
7 .0

6530
7.8.

(c) Unburnt 
gases

CHU/gal ? T 1120
1.6 t -

Heat to 
Cooling water

CHU/gal
p

32500
42.8

28800
37.9

23800
31.4

19100
85.2

15700
20.7

Unaccounted for P (17.4$ (16 .8 ) 9 .3 11.0 11.8



S B &  No. 30. 
Mlxtum by volume of:-

20 parts ETHYL ALCOHOL
50 " PETROL
80 " BENZOL

Fuel Date
Composition by weight Carbon - so.9 i

Higher Calorific Value

Specific Gravity 
Latent Heat 
Kinematic Viscosity 
Vapour pressure Temperature 

V.P. In m . of Hg 52

Hydrogen- 12.1 <
Oxygen - 7.0 t
79.060 C.H.O. per gallon.
10.060 C.H.O. per lb.
.736
108 C.H.O* per lb.

.00682(1-.0124

10 C 20 C SO C
100

Distillation Percent distilled 104> Teeoe-ature 56

180 

504 End69 l*l°ilnt



7.00 P.u.

Tsble 3pA.
a m B H e r r ^ r T n r54.642 ■ 5alb-47.0 P^et buTu-^P?rv” 71.7 W " n 50.9 »

Approx. load 380 lbs
M U a l  tyre pressure. lb„«, tns- front « ,  bec-c 29.

AV.
speed ?lme of 

run
S Z  S  ‘ T :  W T

'(lleaees:-

?? 29.7? 5:40.9 1?.5? 29.0 5-35.2 2.5
h 26.9 5-53.4 0.6S 26,8 =-74.7 2.6N 29.2 5-47.3 0.4S 26.9 ._5-37.5 2.4

w i — m r00 135

yre pressures:- ^rbnt "S'
Back 29 
J ? 7 ~

_)S.7 
13.1 
13.5 12.8 
13.8 
13.%

" w n g  ri.551.25 53.55 54.23 57.06 
57.3 58.3860.2 63.01^5.28 65.99

TTTTT27.0 
28.2 
26.828.1 27.1

" 7-7,6 
? <7.9 
fj 27.8 
N 58.2 
H 37.9  wr

4-11.6 
4-20.2 4-13.2 
4-16.4
4-13.8

Ty’-e press'»’• „-s:~ sfHnTT!T
Pock

im -137
140157
139135

~Tr78~~TT  
12.1 
13.0 12.2 
13.4 I? p

“3)71-1" 55.8159.1 71.75
71.95 74.8974.28 7- 62 77.62 8C.54 80.77 63.44

T Z T T
25.327.426.4 
2 .2 26.7

T  47.5 3:9.9 2".1T“ 315 142 12.1 “%6 "33-;b 7'j;T9 W.S'' 45. ‘ 2-59.7 4.9 670 139 10.8 96.57 88.9 23.3H 46.9 3—6.4 2.7 540 142 12.0 89.38 91.81 24.3S 47.2 3-0.2 5.2 590 139 10.7 92.26 94.54 23.6H 40.0 3-11.5 2.9 560 141 11.9 95.17 97.87 25.0S 48.9 3-7.3 4.5 560 139 11.0 98.16 05.6 24.4*yre pressures .Tfonl 23 '
»9Ck 29,«

5 SamFIeTr ■
H5.2 2-21.7 4.9 550 144 I0.6 52 51.15' 5c.Sc r*r. |

8 59.0 2-15 7.3 670 1433 7.5 04.05 06.12 20.7
R 57.0 2-22 4.5 640 143 10.0 ■06.94 09.19 po
7 =9.6 2-15.6 7.0 667 143 s.o 09.77 11.9 21.3
W 57.0 2-24.1 4.0 6 % 145 9.5 12.57 14.35 22.0? 57.1 2-14,5 6.8 660 14? 8.8 15.4 17.53 .1.3

T T O T T
? 65.9 
K 68.6 
f r >.1 
NC

T = r : T  
1-55.2 1-45.2 
1-36

In su ffic ie n t fue l

W149150 
150

in— ir.35 ::.r21.21 22.95 17.424.03 25.98 19.526.84 28.6 17.6

Â fielprr~tlon tests

Accel^tlme in seconds 13.6 20.1 18.5 19.8



vaults of Table

Mean Barometric Presuure corrected for altitude, m. of _  Vapour Pressure of moisture in atmosphere (Average). Ins of Hg
85.0a
0.162

Car Speed In m.p.h. 29.0 37.8 47.1
j-------I--— -----
56.6 68.4Wind Pressure, Inches of water. 0.52.6 1.63.3 2.74.9 4.57.0 6.69.9Absolute. Wind Velocity 

in direction of motion, m.p.h. 10.6 6.5 6.8 5.8 6.5Mean Tyre Pressure, lbs/sq ins 28 5 28.9 29.2 39.6 3C 5Mean Air Temperature Ocent. 
Miles per gallon" ~

S
Simplu Mean M.P.G,

12.2
28.2
27.0
27.6

13.3
27.126.5
26.8

13.9
24.723.8
24.2

15.0
22.521.1
31.8

16.1
19.517.5
18.5

Inlet Manifold Pressure, u inches of Hg absolute
Average,

9.410.1
9.7

10.03.0.9
10.4

11.212.4
11.8

13.214.8
14.0

16.118.4
17.2

Exhaust Gas Temperature H degrees Centigrade. <5 (above atmospheric)Average.

340350
345

415440
427

552567
569

636653
644

678698
686

Cooling Water Temperature N at entrance to radiator, 3 degrees Fahrenheit.Average (converted to Cent.)Temperature Dliference, water ',0 air. Degrees Cent.

138135
58.0
45.8

139137
58.9
45.6

142139
SG.3
46.4

144143
62.0
47.0

150149
65.3
49.2

Acceleration Tims (seconds) NS 18.520.0 Average:- 19.2
Exhaust Gas Analysis 14.5 %C0? 0.6 5i02 0 . 9 %0

0.2 (estimated) 85.8 (by dlff)
Remarks:-

TABLE 20 C M.P.O. converg’d to Standard Basis.
Car Speed in m.p.h. 29.0 37.8 47.1 56.6 66.4
Reciprocal Mean M.P.G. nf North & South nun.

27.6 26.6 23.2 21.8 16.4

-\) Wind
% Correction for

3.4 \-o 1.0 0.6 0.6
b) Weight ♦ ** "
c) Barcme ter • - • <•
d) Air Temp. 2.7 2.6 2.6 2.2 1.8
e) Tyre Press. 

Total correction- #
-0.3
5.8

-0.2
3.4

—0.1 
3.5

0.1
2.9

0.1
2.5

Corrected Miles per Gallon 29.2 27.8 24.0 22.1 18.9
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" ™ *  ^  VOlU'” t r U  ’"loloncy 6 Alr/rvel Satxo
Ideai Air/Fuol Ratio

13.15
average Molecular 7relf ht ^

Penalty relative to Air 1>o47

~T
Mixt

Speed in m.p.h.

Compression Temperature
ii U nPressure

Volumetric Efficiency
Ditto to std Sasla
Theoretical /<ir/Fuel Ratio
Air/Fuel ratio (exh. anal.;
Weight of exhaust gas per 
gallon vf fuel

Table 30

13.15

Heat Balance

1

Speed in m.p.h.

Heat available 
from fuel

Heat to
tractive effort

Heat to exhaust 
(a) Sensible

(b) Latent

(c) Unburnt 
gases

Heat to 
Cooling water

CHU/gal
>

CHU/gal
%

CFUy/gal
A

CH

CHU/gal

CHU/gal

Unaccounted for >

29.0

700%:
ICO

l*5C0
23.3

82S010.5

i?r

79080
100

21450
97.1

IIO7O 
14.0

4180
5.3

40850 
51.b

_L(9.6)

37.6 I 47.1

I

(11.9 )

79080
100

56.6

79060
ICO

22450 24900
28.4 31.4

4220
5-3

2310
2.9

3000 25550
1.7 32.3

11 .7

66.4

7*080
100

24800
31.3

20gC0
25.5

48
6r

10.0

23000
29.0

120

1680021.2

12.0



FJ53JiCz_M. 
Mixture by volume o":-

10 parts ETHYL ALCOHOL
50 " PETROL
40 " BENZOL

Fut-‘. Data
loapesltlon by weight

Hijfter Jalorlflc Value

Specific Gravity 
Leeant Heat 
Kinematic Viscosity 
Vapour Pressure

Carbon - 84.6 t 
Hydrogen- 11.7 t 
Oxygen - 3.6 1 
82,840 C.H«0, per gallon 
10,330 C.H.U. per lb. 
.796
97 C.H.U. per 15$.

.00618(1-.0089

Distillation

Temper?ture 20 C 20 C 30 CV.P. In me. of Hg 56 108 185

Percent distilled 10* 50* End golnt
Temrerature 56 74



Table_3iA.

s!coep!y.e B®roT,ctGr-~±.n|lns Hr Dry buld-66.0 » ”et tiulb-̂ 7.9 y 
   * '49 ” 79.7 P " " 56.9 F

Approx. load 380 Iba
Initial tyre presssires, Ibs/sq Ins-front 27, back 28,

Mlleages:-

S 29.3 N 29.* 
S 29.0 
N 29.C S 29,5’'

6-15.54-56.66-20.7
4-57.1
6-23.4

^yre pressu T P

T 7 ?
0.62.5
0.6
2.6 0.4

T S T
2 VO 
500

T T T T

290 
280 TranTTT 

Back 27 
7=7-

T T T
152
148
150148152

1377*
14.0 
12.214.1 
13.0 13.8

72 327^T 35.35 X . P05.94 08.51 £f 7 06.77 11.16 24,111.37 14.26 25.914.53 16.94 24.117.4 2Q.Q0 26.3

T.TS 38.4 4-16.9 0.6N 3-8.2 3-33.6 3.6
S 38.2 4-22.5 1.5N 38.3 3-59 5.0
S 38.2 4-24.7 1.1
Tyre pressures:- Front cT

aack 28

370
450380440
580

■ra
ise
151157 
154
158

TTTT  13.9 
12.0 12.e 
12.2 
13.8

7?---25722 "22.5325.1 25.8426.1? 28.47 
29.05 31.64 32.17 34.5 
35.08 37.69

T 7 7 T27.423.2 
27,823.3 28.1

u  ™
S 47.6 N 47.5 
S 47.6 N 47.5

5-21.4
2-41.3?-lr'.52-32.5

T7**
1.55.4
2.5 6.9

T W
.70
560
520
570

TFT161
158
160160

S 4 7 . 6  5-16.3 2.7 520 161
^rre pressures:- Front 27.5Back 28■ r w

1572^5.5 36.36 40.46 21.0—13.0 41.16 43.62 26.610.3 44.12 46.25 21.3
12.4 47.06 49.69 26.110.4 50.03 52.03 20.0 ©12.0 52.3 55.5 26.0 ©

"W" Sample %
X t T I O  
S 57.0 
K 57.0 S 57.1 
N 56.6 S 57.5

2-3.4 2-29 
2- 6.6 2-26.3 2-7.7 
2-23Tyre pressures:- Front W#Pack 29

77TT
4.47.1 
4.6
8.2 
4.8

r a157
165
166 167 
166

-772"10.08.410.3
8.9

7%T?F.'06' "75.9"
58.76 61.12 23.8 61.64 63.64 20.064.39 66.71 23.267.25 69.26 20.1 

 70.08 72.36 22.6

590845
610640620

I TT C P'S 67.5 
N 67.1 
S 67.2 N
S 66.7

1-3?:T 1-44.3 
1-3 5.6 1-47.7

T T T
7.09.5
7.09.67.6

" T T
ero
730
700710
6901-48.4 - T~ir;—•?yre pressures:- Front so ■ Back 31

■ w172 
171174173 173

6.9
5.5
6.9 
6.1
7.0

oor.
TFTT73— rirr----

79

75.85 77.81 
78.81 80.59 81.47 83.48 84.45 86.25 97.15 89.15

19.617.8
20,116.0
20.1

Accelerctlon tests

Accel! time In seconds 20.7 20.1 2^.6 IS.9



I •vri.r. cummarisee Results of Tabl« A.

Mean Barometric Pressure corrected for altitude. iae of 
Vapour Pressure of moisture in atmosphere (Average). ina of

25.08
0.373

Car Speed in m.p.h. 29.8 38.3 47.3 67.1 67.1Wind Pressure, inches of water. NS 2.60.6 4.21.1 6.32.2 7.74.6 10.17.2Absolute Wind Velocity In direction of motion, m.p.h. 10.3 12.3 12.3 7.0 5.5
Mean Tyre Pressure, lbs/sq ins 27.2 27.2 27.a 28.1 29.5Mean Air Temperature °Cent. 22.8 23.9 24.4 25.6 26.1Miles per gallon N

26.0 air- 20.8 20.0 17.7S 27.8 26.2 23.2 19.9
Simple Mean M.P.G. 25.0 25.5 23.5 21.6 18.8
Inlet Manifold Prassure, N 10.1 11.2 12.5 14.9 18 7Inches of Hg absolute S 9.1 9.3 10.7 13.1 16.4

Average. 9.6 10.2 11.6 14.0 17.5
Exhaust Gas Temperature N 333 455 585 838 694degrees Centigrade, 8 318 416 532 610 <*72(above atmospheric)Average. 325 435 558 624 683
Cooling Water Temperature N 146 151 158 105 171at entrance to radiator, S 151 157 161 166 173degrees Fahrenheit.Average (converted to Cent.) 64.7 67.8 70.8 74.2 77.8Temperature Difference, 41.9water to air. Degrees Cent. 43.9 46.4 48.6 51.7
Acceleration Time (seconds) N

S
20.7
20.0 Average:~ 20.3

Exhaust Gas Analysis 13.1 #co2 - #2 3.3 #0
0.7 dlff)

Remarks:-

TABLE 31 C M.P.C. converted to Standard Basis.

Car Speed in m.p.h. 29.2 38.3 47.5 57.1 67.1
Reciprocal Mean M.P.G. of North 6 South runs.

25.0 25.3 23.2 21.5 18.7

a) Wind
4 Correction for:-b) Weight

3.2 3.7 3.0 0.8 0.4

c) Baromfjter “ • m • *
d) Air Tea?). -0.9 -1.5 -1,8 —3 v4 -2.8
a) Tyre Frees. 0.4 0.6 0.5 0.6 0.3

Total correction- 4 2.7 2.8 1.7 - 1.0 -2.1
Corrected Miles ner Gallon 25.7 26.0 23.6 21.3 18.3
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5L®klf . — — D V o l u m e "
Ideal Air/Fuel Ratio 
Average Molecular Weight 
Mixture Density relative to Air

^  lei envy :•. Air/.uel Ratio

13.66 
81

Speed in m.p.h. 88.8 38.3 47.5 1 67.1 67.1
Compression lemperatare

Pressure
Volumetric Efficiency
Ditto to std. Basis
Theoretical Air/Fuel Ratio
Air/Fuel ratio (exh. anal.)
height of exxiaust gas per 
gallon of fuel

431
8.4
.810
.205

8.2

81

418
9.8
.225
.220

10.1

88

10.85 
.265 
.860

10.85
12.5
84.5

368
12.7
.331
.334

12.76

109.5

340
16.3 
.484
.433

14.3

122
Table ^  E Heat Balance

Speed in m.p.h. 28.8 38.3 47.6 67.1 67.1
Heat available 
from fuel

CHU/gal
/•> 82240

100
82240
100

82840
100

83240
100

82240
100

Heat to
tractive effort

CHU/gal 16260
18.6

20100
24.4

22100
26.8

83660
28.8

24 COO 
29.2

Kea >. to exhaust 
(a) Sensible

OHUy/gal
A 0700

8.1
9550
11.8

14030
17.1

18400
22.3

82700
27.6

(b) Latent CHU/gal 3280
4.0

3660
4.3

3820
4.6

1
4430
6.4

4930
6.0

(c) Unburnt 
gases

CHU/gal
a t T 7800

9.6 t T

Heat to 
Cooling water

CHU/gal 32400
39.3

28500
35.8

26100
30.6

21160
26.7

17300
21.0

Unaccounted for % (29.0) (23.7) 11.4 (17.8) (16,8)

' .

L



n m ,  ho. 32 
Mixture by volume of:-

SO parts BTHYL ALCOHOL 
SO " PffffiOL
10 " BENZOL

_Fuel_Data
Composition by weight

Hl>dier Calorific Valus

Specific Gravity 
latent Heat 
Kinematic Viscosity 
Vapour pressure

Catbon - 75.7 4 
Hydrogen- 13.6 *
Oxygen - 10.9 4 
75,360 CH.0. per gallon 
9,900 C.H.CT. per lb.
.760
118 C.H.U. per lb.

.00778(1-.0139 I3Z5)

Distillation

Temperature 10 C 20 G Sc CV.P. in am. of Hg 60 114 210

Percent distilled 10* 504 ted pointTemperature 56 67.5 140



8,?0 *• e P a r o ,T»eter-?4 — — ---- -
?.00 P.If. " 241681 J"P Dp r bulb-61.2 P wet bulb-52.8
------------     78.6 F " " 67.7

Approx. load 490 lbs---------------------------------------
initial tyre Pressures. lbs/E, ,„s. front 26.5< ,8ck 2g-

Av. Tine cf speed run 
MPH. mln.sec.

i r W T T  
S 28.7 
N 28.8
S 28.5 
N 29.1 
0 28.8

T - - T r r r
<5-0.85-26.35-3.7
5-27.7
5-5.8

wor

Tyre pressures
“¥ T C T  
S 38.1 
N 37.6 
S 38.2 
N 37.8 S 37,7

T-56.5
4-20.5
3-57.S4-25.5 
4-0.8 
4-27.2

ITS"'
0.4 
1.4b 
1.2
1.t

>• front 28back 29

<y(
210300290
300300

"155-150
150153
15P
150

Mlleages:-

13.012.5 13.8
13.013.5

73.49 76.r’1 76.74 79.3d 79.68 82.55 
82.65 85.46 85.95 89.88

T 5 T T
28.826.128.7
26.129.3

l!yre pressures:-

" O
1.6
3.0 1.7 
4.5 
2.4

4(5^
390 486
420 460

T F o n r n r

TFT H 7 5  
151 13.0154 157
159155

11.813.5
11.0
13.0

75S 59^ 5  1:1.78"82.41 65.17 
95.5-4 96.0 98.41 01.23 01.57 04.1 04.55 07.35

-2373"
27.6£4.428.2

,
28.0

H-%?74S 47.3 
N 47.0 
S 47.5 N -
S 47.4

4.7™ 520 1<V>3-7.2 3.5 523 1572-56.2 3.8 530 1613-11 3.1 52 C 162- 4.0 54 v 1613- 0 3.2 520 159!"yre pressures
IT-:
S 56.9 
N 57.2 
S 57.2 N - 
S -

back 30

ir.-g-ir 
10.8 
11.8 
11.09.5  11.5___"5"" Sa-nple Z.

07.83 09.8? 2?.5 10.74 13.2 24.0
13.7 16.0 23.016.66 19.17 25.219.54 21.8 22.6
22.46 24.95 24.9

TT3— m — ToC— r.in?F — 2=749-7739-2-17.4 4.8 580 161 9.5 28,32 30.52-6 6.7 610 160 8.8 21.15 33.15
2-11.5 4.5 550 163 8.7 32.96 36.05

6.8 560 161 8.0 36.85 38.864.7___ 550 163 9.5______ 39.61 41.9
'Tyre pressures:

TTSg.O 
S 66.7 
S 67.1 
N - 
S 68.0 N 67.5

T-35—  1-23.7 
1-37.1

front -'9" 
back 31 
■  59T

" T C T21.7
20.020.9 
20.122.9

1-32.81-28.4 
Tyre pressures’:

^75— B57?---To7 4.3-lTr V T .tW ^ . 'A T . in.r
9.0 670 171 7.0 64.2 65.75 15.5
7.2 650 164 6.0 52.9 54.71 18.17.4 670 167 5.8 55.75 57.5 17.58.5 '80 166 5.0 58.7 60.45 17.5
8.0 670 169 3.0______ 61.67 63.33 16.6
front 31.5 
back 32

acceleration tests.

'5cel!’ume In seconds 22% 21% 22% 21%



TABLE 32 e.
Sumarised faults of Table A.

Mean Barometric Pressure 
corrected for altitude. ine of He, 
Vapour Pressure of moisture ‘ 
in atmosphere (Average). m 8 of ^

25.06
v.uva

Car Spaed In m.p.h. 28.8 37.9 47.3 57.1 67.6Wind Pressure, inches of water. 1.6O.j 3.3
1.9 4.2

3.3 1 6.8 
4.7 8.2 O IAbsolute Wind Velocity 

In direction of notion, m.p.h. 3.7 5.1 3.0
H —

5.0
---- ------

0,8Mean Tyre Pressure, lbs, sq ins 28 28.7 29.2 29.7 30.0Mean Air Temperature oCenti 50.0 30.C 30.0 29.4 I T , ------Miles per gallon N
fl

Simple Mean M.P.O.
26.128.3
27.5

24.727.9
26.3

22.724.9
23.6

19.721.3
20.7

17.5
16.6
17.0idit Manifold Pressure, s Inches of Hg absolute g

Average.
10.09.7
9.3

11.310.0
10*6

12.912.2
12.4

15.414.1
14.7

10.517.1
17.8Exhaust Gas Temperature N degrees Centigrade. g (above atmospheric)Average.

346 348
347

438417
427

557547
552

600596
598

662657
659

Cooling futer Temperature N at entrance to radiator, s degrees Fafcrenhe’.t.
Average (eonvertad to Cent.) Temperature Difference, water to air. Degrees Cent.

151152
66.4
36.4

155155
68.3
38.3

160159
70.8
40.8

i160162
71.7
42.3

166169
75.3
45.9

Acceleration Time (seconds) N
S 22,0

21.5 ATer!ige:- d l .7

SAMPLE LOST. £H2 (cstlaated) (by diff)

Remarks:-

TABLE C M.P.O. converted to Standard Basis.

Car Speed in m.p.h. 28.8 37.9 47.3 57.1 67.6
Reciprocal Mean M.P.G. 
of North & South runs. 27.4 26.2 23.8 20.7 17.0

a) Wind
% Correction for:-

b) Weight

0.4
1.5

0.6
1.3

0.2
1.1

0.4
0.9 0.7

c) Barometer 0.1 0.1 0.1 0.1 0.1
d) Air Temp. -3,4 -3.6 -4.1 —4.1 -4.4
e) Tyre Press. - -0.1 -0.1 0.1 0.2

Total correction- # •1 * 4 -1.9 -2.8 —2.6 -3.4
Corrected Miles per Gallon 27.0 25.7 23.0 20.2 18.4
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:abl\/8 - -mclemi7 t Alr/puel Batio 
Air/r el Ratio i2>9

71Average Molecular V’eifht 
Mixture Density relative to A ir  l,o«6

Speed in m.p.h. 86.8 37.9 47.3 57.1 67.6
Compreaaion Temperature 

Pressure 
Volumetric Efficiency 
Ditto to std. Basis 
Theoretical Air/Fuel Ratio 
Air/Fuel ratio (exh. anal.)

432
9.6
.212
.215

10.7

415
10.2
.235
.239

f: 11.4

387
11.6
.281
.296

12.7

362
13.3
.353
.361

13.7

346
15.5
.432
.447

13.86

Weight of exhaust gas per 
gallon of I'uel 89 94.0 104 118 113

Table 32 E Heat Balance

Speed in m.p.h. 28.8 37.9 47.3 57.1 67.6
Heat available 
from fuel Cfflj/gal

p
76360
100

75380
180

75360
100

76360
100

75360
100

Heat to
tractive effort

CHU/gal 17100
22.7

19860
26.4

21500
28.6

22450
29.8

21500
28.6

Heat to exhaust 
(a) Sensible

CHUy/gal 7900
10.6

10480
13.9

15250
20.3

17950
23.8

20800
26.8

(b) Latent CHU/gal
/V

4170
«.6

4420
6.9

4870
6.5

5260
7.0

5300
7.0

(c) Unburnt 
gases

CHU/gal
p t T t? t ?

Heat to 
Cooling water

f
CHU/gal

'p
2680038.3 2476032.8 2090027.7 1662022.4 1330017.7

Unaccounted for i (33.0) (n.o, 1 17.0 17.0 (-9.9)

-TS5

" 1

i •
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n m  No. 3%.
’fixture by voluae of:-

20 parte ALCOHOL
60 " PETROL
20 " BENZOL

Fuel Data
Conpogltlon bv wwiflht

tjl^iar Calorific Value

Specific Gravity 
Latent Heat 
Kinematic Vlecoelty 
Vapour preceuro

Carton - 79.8 i 
Hydrogen- 18.0 t 
Oxygon - 7.2 «
78,520 C.H.O. per gallon. 
10,190 C.H.O. per lb.
.771
107 C.P..U. per lb.

.00668(1-.0106 i=^yy

10 C 20 c so C

Blstlllatlon

Temperature 
V.P. In ire. of Eg 61 1)5 ” 215

Percent distilled loK 501 End i
Temperature 58 64.5 if >lnt



6 ..50 V . ^ a ro m e r.e r-24
!.00 P.M. .. 1»P %  Dr, Mle.M.7 , „ulb-4s.o
------------     75.1 ? " ” 53.2 fF

/pprox. load 420 11»s. ------T::. -  28,16. P6r 6q lnt.
fv. Time of speed run 
mph. mln.sec.

"lnd Exh. -*aier
& “ o X  * T -

ir7T.T 5:7.2S 28.1 5-51N 28.5 5-49S 28.4 6-0.3N 28.3 0-08 ^ 5 5-57.4lyrre pressures
T39.7 ~4-V6.2S 39.0 4-17
N 38.8 4-20.5S 39.2 4-21.6N 58.9 4-20.7S 38.9 4-21.6Tyre pressures

Tl'5:7-------- —
S 46.7 3-6.6
N — — .
S 47.1 3-8
N 46.8 3-12.5
S 46.0 3-7.7

'Pyre pressures:
T7775 2-22.2
S 57.5 2-10.4
<* 56.6 2-20.5S 57.2 2-14.1
N 57.0 2-19.7
S 56.3 2-16.3
ryre pressures:-

' 7 7? " ~ T r?5 W2.0 300 144
0.8 290 146
b 7 Ii= ° if 7

 Back 30.5^ 7 2  330 132“
2.5 390 149
1.2 360 1533.4 360 148
1.5 350 152
3.0 365 147
- Front 30 

Back 31
"773 T5C m~
4.0 530 1523.0 520 156
3.8 560 1524.2 520 156
5. C 550 152
- Front 30.5 Back 31.5
7735 M?— m —
7.5 660 180
4.5 630 159
6.5 680 160
4.0 650 159
7.4 86) 160

In.man.Air pcuua temp. 
lns %  P Se^Tn

"dleaees:- 
^  MffxlO

I37T13.113.7
13.013.9 

— 13.9

75 35-.12 56.5-----2577
51.16 53.9 2'.454.11 56.67 27.6
57.15 59.99 28,4 60.31 63.14 28.3  53.4 66.23 2S.3

L̂ TTT' 62
13.0 13.£
13.513.8
12.9

28.969.47 72115 26.8
72.35 75.05 27.075.5 78.04 27.4
76.£8 80-99 27.181.28 84.0 2(7.2

T2.1 81----
11.0
12.0
11.012.011.5
# Sample .77

63— ;:fT387.25 89.67 34.290.04 92.54 | |
92.9 95.3695.7 96.2
98.54 00.98

25.0 24.6 g
25.024.0

T 7 7 7 T
c 68.0

T-Ti.'l"' 
1-36 

N 66.9 1-43.3
S 68.0 1-35.5
N 68.5 1-41.5
S67.3 1-30.5Tyre pressures:

Front 717 7

10.0 730 163
7.0 700 1ST
8.5 710 166
7.7 720 166

9.8
8.010.07.8
9.6
8.8

"5T 151:5 W.7S *2,̂ TF~
04.25 06.33 20.807.09 09.3 22.1
09.88 12.01 21.312.ft 14.9 2£.1lb.' ̂  17.8 21.5

77<y~gl IFT&r 20.5% 15.T
4.5 21.64 23.45 18.16.5 24.23 26.15 19.25.2 27.05 28.85 18.0
5.0 29.9 31.83 19.36.0 33.09 34.76 16.9

Back 33

Acceleration tests

in .flfiontls so'ss 2I.0 19.6 21.S 20.0 21.0



t a b u; 33 B.
-  " " a t .  Of Tsb!. A.

Maan Barometric Pressure 

in atmosphere (Average). iaa of %
as-ta

O'SOO
Car Speed in m.p.h.

28.4 38.fi 46 .7 57 .1 67.6Wind Pressure, inches of water. 1 .0
1 .8

1.3
3 .0

3 .5
4 .3

4 .1
7 .1

7 .0
9 .3Absolute Wind Velocity 

in direction of motion, m.p.h.
3 .8 f .8 2 .3 7 .0 4.8Mean Tyre Pressure, Ibs/sq ins 

Mean Air Temperature ênt.
29.6
26.7

30.4  

27 5
30 .8
on c

30 .9 31.6

Miles per gallon N
S 27.9

28.3
27.0
27.1

^ r e V

24.8
24.3

27.5

£•2.321.2
27.2

-----------17.7Simple Mean M.P.O. 28.1 27 .0 24.5 21.7 18.5
Inlet Manifold Pressure, }j inches of Hg absolute 10,4

10.6
10.6
11.1

11.3
12.1

13.5
15.2

17.5
18.3

Average, 10.6 10.fi 11.7 14.3 17.8
Exhaust Gas Temperature w degrees Centigrade.(above atmospheric)Average.

332
365

348 it- 
it-
<j»
 

O 
H«

C
-*
—
am
. 526

565

545

640
655

647

684
390

687
Cooling Water Temperature N at entrance to radiator, g degrees Fahrenheit.Average (converted to Cent.) Temperature Difference, water to air. Degrees Cent.
Accelernt. 1 nn Timm 1 1 u I

446
143

62.5

35 .8
on o

152
148

65 . 6 

38 .1  j

155
152

67.5

40 .0

160
160

71.1

43.6

166
165

74.2

47.0
21.5 Average:- 20.8

Sxhaust Oas Analysis 13.10CO2 l.» «80: 0.2 ĈO
£H2 (estimated) b-i.9 »̂2 (by diff)

Pemarkt.-

TABLa 33 C M.P.G. converted to Standard Basis.
Car Speec in m.p.h. 28.4 38.8 | 46 .7 57.1 67.4
Reciprocal Mean M.P.G. of North A South runs. 28.1 27 .0 24.5 21 .7 18.4

a) Wind 0*4 1 .2 0 .1 0 .8 0.3% Correction foi•-b) Weight 0.6 0.5 0 .4 0.4 0.3

c) Barometer 0.1 0 .2 0 ,3 0.3 0.3

d) Air Temp. -2 .3 - 2 .8 - 3 .0 - 3 .2 —3 • 3

e) Tyre Press. - 0 .8 - 0 .8 -0 .6 -0 .3 -0 .2

Total correction- fS - 2 .0  j -1 .7 - 2 .8 - 2 .0 —2.6

Corrected Miles per Gallon 2 7 .6j 26 .6 23 .8 21.3 17.9
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I
ac

, t m  *w.* bgk-
- 2 * 1 2 ^  

V-- i »v-f.o '■■ a* x < o-i.'s 
< ̂ - 1'-

•'TSb'j-jf̂ ̂5̂3.

%*si;

IV

“ r  “ --
Av-ram Mol«=uu, ,7,iKht 

_ ^ t u r o  B9n.u7 to Alr

Speed in m.p.h.

Compreesion Temperature 
Pressure 

Volumetric Efficiency 
Ditto to std. Baste 
Theoretical Alr/Puoi Ratio 
Air/Puel ratio (exh. anal,) ]
Weight of exhaust gas oer gallon of fuel

Table 53 E Heat Balance

38.8 46.7 57.1 67.6
414 410 397 368 346
10.4 10.45 10.9 12.9 15.6
.240 .244 .263 .336 .439
.245 .348 .270 .343 .442

18.6 12.2 11.85 13.65 14.8
* - 14.4 -

104 101.5 99
U8 1121.6

Speed in m.p.h. T ------
28.4 38.8 46.7 67.1 1 67.6

Heat available 
from fuel CHU/gal 78520

100 78520
too

j 
h 78620

100 78S20
100

Heat to
tractive effort CHU/gal 17450

29.2
20500
26.1

22250
28.2

23700
30.1

23460
29.8

Heat to exhaust 
(a) Sensible

OHU/gal
A

9260
11.7 10600

13.4 14300
18.8 19600

24.9 82800
28.9

(b) Latent CHU/gal 4380
6.5

_ i

4250
5,4 4160

5.3 4680
6.9 5080

6.6
(o) Unburnt 

gases
CHU/gal

/» i T 0.6 - -

Heat to 
Cooling water

CHU/gal
i

88600
56.7

25460
32.3

21100
26.8 16460

23.4 15000
19.0

Unaccounted for i (23.9) (22.8) 21.0 16.7 16.8

L
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W r • 8

: '■ Tda-.ff 
r- f J<\;_

fUEL No. 24. 
Mixture by volume of:-

- *

10 parts ETHYL P.D30H0L 
60 " PETROL
30 " BENZOL

I

, ylcfW Puel Data

< ) jfwr
sv|#» vti 

o; j -

y . ! Cf)

■ " , .U'

m * :i

Composition by weight

Higher Calorific Value

Specific Gravity 
Latent v'eat 
Kinematic Viscosity 
vapour pressure

Carbon - 84.0 •$>
Hydrogen -12.4 
Oxygen - 3.6 <
81,680 C.H.O. per gallon. 
10,450 C.H.O. per lb.
.783
98 C.H.O. per lb.

.00593(1-.0076

Distillation

Temperature 10 C 20 C 30 C
V.P. In ram. of Hg 62 115 220

Percent distilled 10* 
Temperature X 54

50* End point 78 141

L L



Petrol-301 Benzol 
Table 34/.

8.i>0 A.M. B8rDraeter-24 7ofi ine u -3.00 P.M. n 2J*^0e Ins Hg Br> bulb-49.7 p wet bulb-41.d P
________________ y ” ?1.3 ? " " 51.0 ?

Approximate load 340 lbs.
toUlal tyre pressures.lbs/sq lns_ front 27> tock g7-5-

• i s  H c S  £

H H B l E I
n  ___ , back 28.5

B M l f l H I
     back 29

| i;:| EpTil %  S  8:1 II g.:g Ij
« 3-8-8 4.6 560 150 11.4 18.07 P.O. 55 24.8N 47.5 3-5.9 2.6 550 152 12.1 20.89 23.54 24.5S 47.5 3-5.9

a
9

Tjre pressures:-T ro H f W "  
beck 30 5 Sample z.

N 57.5 5.0 650 157 9.8 73 2 A . 6 4 T O  ■m . sS 57.3 2-18.9 6.2 660 T 5 9.5 29.47 31.68 22.1N 57.5 2-18.3 4.8 640 157 10.3 32.3 34.51 22.15 — - 6.2 650 156 3.6 35.16 37.38 22.2N 57.4 2-20 4.6 655 157 9.8 37.96 40.19 22.3S 57.8 2-15.8 6.0 660 158 9.6 40.78 42.96 21.8
Tyre pressures: -  fron t 30bacK 30

N 68.1 ' 1-78.7— 8.0 710 162 6.3 73 43.82 45.58 " iF :6 ... -S 67.5 1-40.4 8.0 720 163 7.0 46,56 48.44 18.8N 67.7 1-41.7 7.4 700 161 7.5 51.4 53.31 19.1c 67.0 1-36.8 5.0 740 162 6.0 54.08 55.88 18.0•» 67.8 1-42.6 6.8 720 164 7.0 56.96 58.89 19.3
■ t» 67.4 1-38.4 8.3 725 164 5.8 59.72 61.56 18.4

'’•yre pressures:-- front 30back

Acceleration tests.

Direction s lgN1 lgsgAccel, time In seconds 19.1 cJ.o iy.i iy.y



TAHLE B. Summarlaed Results of Table A.

Mean Barometric Pressure corrected for altitude, ine of Be Vapour Pressure of moisture In atmosphere (Arerage). ina ot ̂
25.040
0.184

Car Spoed in m.p.h. 29.1
r
38.1 *7.5 57-5 67.6Wind Pressure, 

Inches of water. N
S 1.1

1.5 1:1 1:1 I: 1:1
Absolute Wind Velocity 
In direction of motion, ra.p.h ?.3 3.5 2.5 3.2 2.0
Mean Tyre Pressure, Ibs/sq ins 27.6 28.2 29 29.8 30.6
Meau Air Temperature °Cent. 20.6 21.1 21.7 22.8 23.3Miles per gallon N 2&.1 2f>.0 24.1 22.0 19,0S 27.1 26.9 24.6 22.0 18.4
Simple Mean M.P.G. 26.6 26.4 24.3 22.0 18.7
Inlet Manifold Pressure, N 9.5 9.5 11.1 13.2 16.4inches or Eg absolute S 9.5 10.1 U.7 13.6 16.7

Average. 9.5 9.8 11.4 13.4 I6.5
Exhaust Gas Temperature N 410 570 640 6«8degrees Centigrade, 
(above atmospheric) 

Average.
S

3*>?
440
425

585
577

648
644

705
696

Cooling Water Temperature N 144 148 151 157 162at entrance to radiator, S 143 146 150 15b 163degrees Fahrenheit.
Average (converted to Cent.) 62.0 63.9 65.8 69.1 72.5Temperature Difference, 
water to air. Degrees Cent. 41.4 42.8 44.1 46.3 49.2
Acceleration Time (seconds) N

3
19.1
20.3 Average:- 19.7

Exhaust Gas Analysis 13.8
0.5

f)C02 - #0g 2.4 ̂ CO
Ĥg (estimated) 8j. ' ffag (by dlff)

Remarks:-

TABLE %4 C M.P.G. converted to standard Basis.

Car Speed in m.p.h. 29.1 38.1 47.5 57.5 67.6

Reciprocal Mean M.P.G. 
of North & South runs. 26.6 26.4 24.3 22.0 18.7

a) Wind 0.2 0.2 0.2 0.2 0.1
% Correction for:-b) 'Height -0.3 -0.3 — 0 .3 -0.2 -0.2

c) Barometer - - 0.1 0.1 0.1

d) Air Temp. -0.2 -0.4 -0.6 -1.2 -1.5

e) Tyre Press. -0.2 0.1 * — 0.1

Total correction- # -0.1 -0.4 -0.6 -1.1 -1.4

Corrected Miles per Gallon 26.6 26.3 24.2 21.8 18.4



r r

^ -----  Volumetric F.fficie
Ideal Air/Fuel Ratio
Average Molecular Weight 
Mixture Density reKti

n c j & Air/F-uel Ratio
13.8 
83

ve to Air 1, %

«# e e w t ^
Hr>'r

w. '##
s ■

: WtiBlHE

Speed in n.p.h. 26.1 38.1 47.6 57.6 67.6
Compression Temperature 

Pressure 
Volumetric Efficiency 
Ditto to std. Basis 
Theoretical Air/Fuel Ratio 
Air/Fuel ratio (exh. anal.)
Weight of exhaust gas oer 
gallon of fuel

431
9.3
.207
.207

9.3

84.6

426
8.4
.212
.213

10.0

86

394
10.7 
.261 
.262

11.1
12.96
94.7

I

371
12.18

.314

.317
18.6

106

348
14.46
.398
.403

13.66

114
Tables* B Heat Bala no A

Speed in m.p.h. 29.1 36.1 47.6 67.5 67.6
Heat available CHU/gal 
from fuel > 81680

100
31680
100

81600
100

82 681 
100

81680
100

Heat to CHU/gal 
tractive effort ,% 16800

20.6 20300
24.8 22600

87.6 24800
29.6 84100

29.6
Ksat to exhaust CKU/gal
(a) Sensible ^^

(b) Latent CHU/gal
>

(0) Unburnt CKU/gal 
gases /p

7630
9.3 947011.6 1460017.8 1845022.6 2170086.6

3560
4.3

3610
4.4

3980
4.9

4460
6.4

4800
6.9

? ? 8700 t t

Heat to CHU/gal 
Cooling water .*

33100
40.6

29000
36.4

24200
29.6

20350
24.9

16360
20.0

Unaccounted "or (2S.S) (23.8) 13.1 (17.6) (18.1)

* 1



*e

•i

I^ g  24(1) A.

*:So P:3: in. %, ^  b u i ^ . o  ? *et buib-*.
------------ -_________ 67,8 P " " Eg.

Ap roxlmstf load sec ibs^

lnUlal ^  e Pre£8urei:- front 27, back 28 los/ag ins.

%  i i -
"rzSTC—

P&ter
temp.
P

In.msn.A1r 
vacuum temp.Ins Hfr ? Serfn

! t ?  #  I
% ze.s 4-41.3 z;?

_L ;,̂ »Q 4-58.5 0.8
Tyr? pressuresT^frorTE

T  T775---5=2r.-g--- -ĥ - £8

T'TT 
300 310 
250 700 265 7"

Ml leases:-
Diffxlo

IT T
ISO
176 
180177 
17&

5 37.7 
N 38.1 
S 33.0 N 37.7
S 33.0

4-1.63-304-1.8 
3-29.4

.6 j.,. i -s i yj
-/re pressure?:- fro n t PJ 

back 25

4.1 
1.7 
4.31.54.1
1.5

360430
400410
410

181
178181191
161

13.1 12.8 13.3 12.713.2

13.0 11.713.1
11 7 
13.0

61 r r r & n z d ' j r
20,94 23.36 61.5 23.8 2.5.05„ 26.71 2;,.12

62 25.64 31.79
32.5* 3 4 ^

3 5 ^ 6  37.43 36.15 40.68 62 41.0 43.22
43.85 46.43 62 4-5.66.43.8846.57 52.14

r /
5 45.9 
M 46.S ' 47.3 
H 47.4 

A  46.8

-3uT?3-2. S
2-33.63-1.9 
2-35.6

- 3-o.P.
xyre pressures:- fro n t n<7

back 7o

3 7 F
2.55.5 
3.05.62.6

W
460520510510
5 W

" W
16316118318.5
184

T357B 62.5 5275“
11.7 55.32 _ ..
15.8 62.5 58.15 60.23
11.6 61.04 63.4310.5 64 63.87 65.97
11 *2______66.7 69.12f  Sample ?.

“rrrT.T
S 5C.4 
N 56.4 
2 57.3 
N 57.0 S 57.0

"Z-ZB.S R.(2-49.1 
2-30.9 2-45.8 
2-28.9 "-46.1

4.00.4
4.59.24.2

530570
520
580580!yre pressures:- front ?9

mmgmgmgmgmggmgmmmihack 30

ISO185188187
189

r̂.8
9.5
8.2
9.3
7.99.6

"TnrrTT 
s 66.6
N 68.0 
£ 66.8 « 67.2 
2 66.5

T -Z 6 .5 "  
1-46 ■ .F

1-25.3 
1-46.2 1-26.3
1—75.9 w. *Tyre pressures:- front  ________________ back 31

"IT
11.9
6.
Ic.k

I

T O
600670580
630670>70
T O

4.5 67 g575T~7&TTl 15.7162 6.0 91.36 93.32 is.a19) 4.8 67 94.16 95.77
1 'v* 7.1 96.78 98.75192. 4.2 67 99.57 01.16193 6.3 m2 - c r

Acceleration tests

~ Z F 7 rm .
72.48 74.66 66 75.35 77.24
76.16 60.32 

66 81.06 62.9485.33 87.5?

16.1 19.7 
16.102.45 04.22 (17.7)

r i r e c t lc n  N S
Accel, time In  seconds 23.0 21.0



-"--LK 34 ( r Suaaarised Results of Table A.

Mean Barometric Treasure corrected for altitude, ins of fte Vapour Pressure of molsture in atmosphere (Average), ins of Hg
25.23
0.420

Car Speed in m.p.fa.
NS

Wind Pressure, inches of water.
Absolute Wind Velocity in direction of notion, m.p.h.
Mean Tyre Pressure, Ibe/sq ins 27.6 29.5

16.9 17.2 13.9 19.4
20.8 18.8 16.025.6 19.6

Miles per gallon

Simple Mean M.P.G.
Inlet Manifold Pressure, incnes of Hg absolute

Average.

N
8

Exhaust Gas Temperature degrees Centigrade, (above atmospheric) Average.

N
S

Cooling Water Te:ir«rature at entrance to radiator, degrees Fahrenheit.Average (converted to Cent.)Temperature Difference, water to air. Degrees Cent.

N«jS

Accelei-ation Time (seconds) N
S

29.0 37.0 47.1
2.70.7

9.5

4,1
1.6 5.6

2.8

56.8

9.0 8.0

23.3 23.7 22.4
10.6
10.1
10.3
352332
342

11.6
10.3
10.9

136139
58.6
42.2

446435
440

12.8
11.8
12.3

139140
59.7
42.6

532620
526
140142
60.7
43.5

66.7
8.5 12.24.2 6.0

9.6 11.7

20.2
16.2
13.9
14.6
585560
572

17.8
19.1
16.9
16.0
638620
629

146 161147 152
63.6 66.4
44.7 47.0

23.0
21.0 Average:- 22.0

Exhaust Gas Analysis 1313 %C02 - #0g 2.7 #0
0.6 (estimated) 83.4 f&g (by diff)

Remarks:- * corrected.

TABLE M.P.O. converted to Standard Basis.
Car Speed in m.p.h. 29.0 37.9 47.1 56.8 66.f
Reciprocal Mean M.P.G. of North & South runs. 23.2 23.6 22.3 20.1 17.6

a) Wind 2.7 2.0 1.3 1.6 1.656 Correction for:-b) Weight 0.1 0.1 0.1 0.1
c) Barometer 0.3 0.4 0.6 0.6 0.7
d) Air Ten*. 1.2 1.2 1.2 0.5 0.3
e) Tyxe Press. 0.3 0.2 - 0.2 0.2

Total correction- $ 4.6 3.9 3.1 3.0 2.7
Corrected Miles per Gallon 24.3 24.5 25.0 20.8 16.1



(1)
 -------   Volumetric -fflclenc- L Air/:u»l Ratio

Ideal Air/Puol Ra:lo 13.8
Average Molecular Woif^ht 83
Mixture Denalty relative to Air 1.05

Speed in m.p.h. 29.0 37.9 47.1 56 .8 66 .7

Compression Temperature' 405 394 374 355 335
Pressure 10.1 IO.5 11.5 13.15 15.8

Volumetric Efficiency .239 .255 .295 .355 .452
Ditto to std. Basis .229 .246 .286 .345 .441

Theoretical Air/Fuel Ratio 9.9 10. q 11.9 13.1 14.7

Air/Fuel ratio (exh. a na l.) • - 12.85 - •
Weight of exhaust gas per 
gallon o f fuel 8?.5 93 101 110.5 123

Table 34(1) g Heat Balance

Speed in m.p.h.

Heat available 
from fuel

Heat to
tractive effort

Heat to exhaust 
(a) Sensible

(b) Latent

(cj Unburnt 
gases

Heat to 
Cooling water

Unaccounted for

I 29.0

CHl^-'gal

CHU/gal

CHU/̂ gal
A

CHU/gal

CHU/gal
'/O

81680
100

15&00
18.8

7 ^ 0
9.1

3600
4.4

CHU/gal

(29.8)

37.9 47.1

81680
100

18900
23.1

10650
1 3 .0

81680100

21500
26.3

14050
17.2

I T

2700c
(33.0)1

( 2 6 .1 )

4250
5.2

'686c'
8.H

22600
(27-6)

15.3

56.8

81680
ICO

23100
28.3

16750
20.5

46*c
5-7

66.7

81680
100

23700
2«'.0

20800
25.4

w

18600 1R15C
(22.7)| (18-5)

(22.8 (20.8'



fUitL HO. 35
Mixture by volume ©?:-

20 parts ETHYL ALCOHOL

70 " PETROL
10 " BENZOL

fual Data
Composition bA weight

Hijchar Calorific Value

Specific ^ravlty 
Latent Heat 
Klnmat c Viscosity 
Vapour Prsssure Teaperturef V.P. In mm.
Distillation

Carton - 79.0 t 
Hydrogen- 18.7 t 
Oxygen - 7.3 i  

77,980 c.H.u. per gallon 
10,240 c.H.u. per lb.
.761
106 c.H.u. per lb.

.00890(1-.0120 COO)

10 C Of Rg 75 20 C 140 80 C 250

Percent distilled lot Temperature 52 50% End 
66 d po 156 int



I

«

^g-1 20* Atcohoi-7ot Petrol-lot Benzol -^CS-September P.M.
Table 5fSA.

tro-pti’.'- Ba»°*et9r1 t S l  Jns %  Dry burn-61.o P -«t bulb-55.9 P  __________ ^.Dt59 M *’ 77.9 P " " 59.8 P

ip4pr?x; load 340 ibsInitial tyre pressures, Ibs/sq Ins- Front 28, back 27.5.

/v. time of -ind Exh. 
speed run press, temp. 
mPn» M'O.sec.lnsHnO gtivo

"ateitemp.p
In.man.Air vacuum temp.Ins He p Serin

~TTZ5-Q---4^577---275"
S 25.1 5-35.5 0.7

5-7.1 2.0
5-47.4 1.15-58.7 3.25-48.2 0.7

Tyre "pressures
ITTTTT

vileares:-
Mffxie

N 28.6
r> 28.8
N 28.8 
E 26.9

" 1 W285
280270
290275

a 37.9 
N 37.5 
S 36.5 N 36.6 
5 36.5 ST

17-44.7'
4-22.23-46.74-19.7 
3,36.1 4-21

1- front 28 Back 29
m r

”ng-
155151
158 
150159

12.7 8? R728 PI.oTT13.9 52.3 55.0412.8 55.27 57.7
14.0 56.28 61.0612.8 61.21 63.6
14. 0______ 04.26 57.06

"ZFTT
27.424.327.622.9
28.0

yre pressures:-

I T !  r  -
4.5 460 158 12.4 79.3 81.64 23.4
1*6__?70 162 13.8______32.51 85.1 27.9

‘-"47.0 
3 47.5 
N 47.9 
S 47.5 N 46.9 
3 47.8

"2=77--
3-9.6
2-37.63-6.3
2-43.63-14.3

front 29" 
Back 30. 

KIT"------2.05.33.4 6.6 2.8

T W550
560540
570560?yre pressures:- front "3T

Back

1 B T166165
166 164 168

TT.T'??
11.9 
11.0 12.4
10.9
11.8_____

i Sample 3.

1 ^3 7  87.41 20.5 88.16 90.66 25.091.1 93.2 21.093.9 96.36 24.693.72 96.85 21.399.52 02.1 25.S

1TRT.T rar.-e- ' 7.8 565 170 7.5. 83 "5275 TR74 "1975"
O 57.9 2-20 4.0 620 169 9.5 05.24 07.49 22.5N 56.2 1-57.6 7.7 650 168 8.0 03.1 10,0 19.0S 53. 0 2-13.3 4.7 630 171 9.8 10.94 12.17 22.3N 56.6 2-1.5 9.0 560 170 7.9 13.77 15.63 19.1S 57.7 2-13.4 3.8 630 173 9.6 16.53 18.75 22.2Tyre pressures : -  front 3dBack 51.

67.7 1-25.1 11.7 740 174 4.5 83 19 68 7.1."28. rr.o -s 67.4 1-43.7 7.3 700 176 6.7 22.24 14.18 19.4N 67.0 1-27.6 10.0 740 175 4.2 25.14 26.77 16.3S 67.5 1-46.1 7.2 710 177 8.5 27.71 29.7 19.9
N 67.5 1-26.9 11.0 760 176 3.8 30.77 22.4 16.3
S 67.4 1-42.5 “ . 700mt'-'TT 178-T- 6.5 83 33.39 35.31 19.2

Back 32.5

Acceleration tfsts

D ire c tio n  N S N S N s
Accel, time In seconds 22.0 21.0 21.3 21.1 21.7



TAFLE >r> B. wurimariaed Results of Table A.

Mean Barometric Pressure 
corrected for altitude. Ins of Hg 
Vapour Pra -nice of moisture 
In atmosphere (Average). Ins of Hg

2 M ?
0.376

Car Speed in m.p.h. 38.1 47.4 57.6 67.4
Wind Pressure, 
inches of water. N

S
?.6
0 .6 lit

6 .0
2.7 1:1

10.9
7.5

Absolute Wind Velocity 
in direction of notion, m.p.h 6.3 3.2 9.4 9.5 6 .2
-caii Tyre Pressure, Ibs/sq ins 29.1 29.8 30.2 31.2
Mean A"' Temperature °C9nt, ?7.? 27.8 2 8 .3 28.3 28.3
Miles per gallon N

S
~?b.o
Z7-7 Z S

| 20.9 
25.2

19.0
22.3

if. 2 
19.5

Simple Mean M.P.G. 25.8 25.6 23.0 20.6 17 .8
Inlet Manifold Pressure, 
inches of Hg absolute

NS IO .3
^ .1

10.7
9.6

12 .0
1 1 .2

15.5
1 3 .6 i l l

Average. 9.7 10.1 11 .6 14.5 17.9
Exhaust Gas Temperature 

degrees Centigrade.
(above atmospheric) 

Average.

NS 330
320

3?5

470
U 30

450

S B

571

650
627
6 %

710685
697

Cooling Water Temperature 
at entrance to radiator, 
degrees Fahrenheit.
Average (converted to Cent.)
Temperature Difference, 

water to air. Degrees Dent.

N
S

150
157

67.5

^.3

i g
70 .6

43.0

164
167

74.2

45.9

I69
171

76.7
48.4

; %
80

51.7
AcOx'eiation Time (ee jnds) N 21.7

S 21.0 Average 21.3

0.3
*co2 - ^Og 1 .6 ^JO
fJl2 (estlaofced) (by diff)

R̂ rna3»s:-

TABLE 1*5 M.P.G. converted to Standard Basis.

Car Speed in m.p.h. 28.9 38.1 47.4 57.6 67.4
Reciprocal Mean M.P.G. 
of North & South runs. 25.8 25.5 22 .5 20 .5 17.7

a) Wind
% Correction for:-

2 .0 1.7 1 .8 1.5 0.5
b) Weight -0.4 -0.3 —0.3 -0 .2 -0 .2

c) Barometer - - - - -
d) Air Temp. -2.4 -3.0 — 3*4 -3.6 -3-9
e) Tyre Press. -0 .1 -0.3 -0 = 3 - -

Total correction- £ -0.9 -1.9 | -2 .2 -2.3 — 3.6
Corrected Miles per Gallon 25.6 25 .0 22 4 2C .0 17.1



*

■ * ■ ■ ■ -i

is
) v
v«-; :--. . ;

'

n , • a

- -

■••■Wr ^ :‘-‘n ̂

—  _D Volumetric r.fflolencT & Air/ uel Ratio
Ileal Air/Fuel Ratio -ly *5
Average Molecular y/eifM

7* *5
Mixtu. *- Density relative to Air 1.049

Speed in n.p.h. 29.9 3« .l *7 .& 57.6 67 .4

Compression Temperature
Pressure

Volumetric Efficiency
Ditto to std. Basis
Theoretical Air/Fuel Ratio
Air/Fuel ratio (exh. anal.)
Weight of exhaust gas per 
gallon or fuel

^36

9.5
.209

.210

9.9

) -

82.7

%27

9.7

.217

.221

10 .2

85

399

19.85
.260

.265

11 .0

13.15
01 .2

367

13.15

• 3*3

• 351 

13-2

108

346

15.7

.435

.450
14.5

118

Table E Heat Ba" <>nce

Speed in m.p.h.
28.9 38.1

H  ‘ 
97.9 57.6

" -  -  

67.4

Heat available 
from fuel CHU/gal 77960

100
77960

100
77960

100
77960

jlOO
77960

100

Heat to
tractive effort

CHU/gal
/b

16200
1*0 .8

20900
26 .8

22200
28.5

52400
28.7

Hea c to exhaust 
(a) Sensi

CHUy/gal 6850
8.8

9970
12.8

13900
l f .8

18600
23.8

??400
28.8

(b) Latent CirU/ga 3 3960
5.1

4250
5 .5 IT ; T

(o) Unburnt 
gases

CHU/gal t ? 2440
3.1

1 t

Heat to 
Cooling water

CHU/gal ) 0g i >
39.5

27700
35.9

19750
25.3

1620c
2*0 .8

Unaccounted for % ( 26. 0 ) (2 1 .8 / ( 16 . 6 ) (15# (14.7)
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