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ent of expension has been determined on two scries of

, e el
fuel oils us the Wesotphal bolance.

e ed was the NRL group consisting of sight
eracked residuums, thre 1 nés nede [rom cracked res id;hmo, eleven streignt
run residuume, seven oler of unknown base, and two shale oils. The
second qer1ec is known s tne "A" series end is made up of crucked re~
jduams end fuels blended from such residuums.
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The average coefficicat of ey ension for the "A" series is 0.0003
per degrec F and the NRL se g 0.000361 per degree F.

The results of the study of the "AM" per show that the average
veristion of gravity determinations 1is Q. 23" .P.I. as determined by
eleven cooperative laboratories.

The results in this report show that the present fuel oil tables
uced by the Novy cre satisfactory for the fuels studied when considerin
the veriztions that may be obtuined by differeunt observers.
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INTRODUCTION

{a) Authorizstion

. This provlem was & 3
t Order No. £6/31 of 2 June 19

3y m

Proje

b} Statement of Problcm

2 The original problem given in the zbove reference dealt
with the charscteristics and supply of fuel oil for the Navy. During
the years of 1631 to 1933, this Laboratory studied a series of fuels
known as the NEL series. This group consisted of straight run residues,
cracked residuums, and blends made from these basic stocks. During the
fiscel year of 1933 to 1934, the Higineering Experiment Station, the
Navel Boiler Laboratory, end thie Leboratory studied 18 cracked fuels
with the purpose of finding why certain fuele ceuse trouble and others
do not. This series of fuel oils is known as the "A" series to dif-
ferentiate it from the "NRL" series studied previousgly &t this Laboratory.
In this report will be found the specific grevity of these fuel oils at
various temperctures and from these date the change in specific gravity
per degree is celculated.

(cj} Facts Bearing on_the Problem

3. Specific gravity is ordinarily determined by the use of ¢
kydrometer. This hydrometer may be calibrated either in terms of
specifie gravity or °A.P.I. As the temperatures at which the determina-
tions are made very rarely ure the same as the reference stendard tempera-
ture of 60° F, tebles are used for the correcction of the gravity to 60° F.

L Fuel oils usuelly are not made from one single source and
they never contain one single type of organic compound. In the past few
years, cracked residues have been blended to the necessary viscosity and
gravity requirements established by the contracts and sold as fuel oils.
The Navy Department is cognizant of this fact and therefore the "Ai" series,
made from cracked residuums, was studied.

B The standard tables used for the correction of the gravity
“due to temperature are made by tiie study of the expension of certal
fuily prepared oils. The expension of these refersnce oils will vary,
derending upon the gravity, source, and whether the oil is a st t
run, eracked residuum, or a blend. Therefore the standard tables vary.

G. In this resport, the chnange in gravity with temperature will be
Gisauscsed and the results found will be compared with the tables now in

ase by the Navy.

N - AT

(d) Original Work &t this Laboratory

71 The change in gravity with tempereture for the "A" serles will
be found in NRL Reports P-1012 of 28 December 1933, P-1031 of 28 Februsry
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8. The density of sny fuel or organic liquid can be detesrmined
cny one of three methods:

=)
E.t:;

() By the use of z pyknometer, or a vessel of
Known volume.
By the use of a Westphal balaace, or

b
¢} By the use of & hydrometer.

e
e

ganic research the first method is largely used. In commercial

>z the third pra actice is favored. The Westphal balance iz used
meinly with materials whers greater accuracy is wanted than can be debter-
mined with hydrometer and where the pyknometer cennot be readily used,
such &8 with heavy fuels.

Speeiflic gravity measurements in this report were taken wit

the well known Mohr-Westphal bzlance. This apparatus wes chosen becoun
of its easy manipulation and because it gives rssults seccurate to the
fourth dceimel place. Since the glass plummet used in this apparaius

is subject to cnun'e in volume with change in temperature, it was neces—

sary to first celibrate the instrument against distilled water. This
was done between the temperature range of 25°C to 95°C and so provided
the necessary correction factors to apply on the fuel oils.

)

10. 4 0-110°C thermometer, graduated in degrees, was standardized
sZuinst a certified Buresu of Standards calibrated thermometer and was
need throughout the entire experimental work. Estimation of the tempera~
tare in tenths of degrees was then necessary- and the temperature rzadings

ere provably accurate within two tenths of & degree.

TE. The fuel oils whose speciflic graviity measurcments were to he
texen were first heated to about 100°C in an atmosphere of COp and the
oil then transferred to the Dewar flask as in the diagram of Plate I. In
the disggram is also seen ths following:

& -~ Dewar flecsk.
B ~ The caliivrated thermometer ianserted in
the corx stopper.

C - & test tube, with side srm, fitted into
corkx stopper. A suction pump is attached on
the side arm for the purpose of limiting
condensation of the oll on the platinum wire.

Test tube C is just large enough to permit
passage of glass plummet.



L - Pilatinws wire suspension.

O e = . +
E - Gluss plummet.

F - 3/16" copper tubing. This served as a stirrer
and also to cool the oil to the desired
temperature where & specific gravitly reading was
to be taken. The coil was free to move through

he cork stopper.

12, ifter the oil was trensferred to the Dewar flask, the cork
stopper carrying the thermomester copper cooling coil, and test tube
was fitted to the Dewar flask znd the suction pump started. The glass
plummet was then lowered into the oil, through the test tube, and attached
to the Westphael balance. After the oil had been thoroughly stirred and
the apperatus and the oil had come to a temperature equilibrium a specific
gravity reading was taken on the Westphal balance. The temperature of
the oil snd apperatus was then lowered by passing water through the copper
coil and the operation repeated until all the necessary measurements were
M&EUe .

TYATMLE ATYT L TAT T
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i3, The readings on each oil are given in Appendix A in detszil.
In examinztion of this data, it will be noted that measurements have been
taken on some oils over a greater temperzture range than others. The
reason for this is that some of the oils were so viscous that g measure-
ment at & relatively lower temperature makes for uncertain readings and
therefors was not attempted. It can be said that measurements were tcken
2t as low a temperature as the fluidity of the oil would permit to allow
& sufficient sensitivity to the Westphal balance for accuracy.
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at &0~ F for the HEL Series.

1 2 > L 5 6 yi
B oar T, L
Gravity Change in sp. =T, From gravity A.P.I1. Sp.gr.nydro-

No. 60° F 90 o col. 2  hydrometer  meter 1931
3 0.9608 .000661  .000367 15.8 15.4 15.7
4 8.G6525 .000673  .000374 iy i7.1 7.1
5 0.9034 000716  .000398 25.1 25.73 2.8
b G.32304 . 000652 000384 20.6 20.5 19.7
2 0.9858 .000653 .000363 12.0 11.9 12.0
9 1.0001 . 000660 .000367 18.0 10.1 10.9
1z 0.927 LOD0EL2 000357 21.0 20.8 9.3
13 0.9550 .000629 000349 e 7 16.2 lJ-J
14 0.9971 000672  .000373 10.4 0.4 16.0
15 0.9405 000650 000361 18.9 18.8 20.3
& 0.59832 .000641  .000356 12.4 12.2 12.9
¥ 0.9693 000651 .000362 1.5 14.2 14.5
& 0.9600 .000631 .000350 15.9 355 157
22 0.9529 .000640  .000356 17.0 156:5 17.1
2 1.0275 .000643  .000357 6.2 5.9 6.2
25 1.0039 .000650 000361 G.4 9.3 13.1
26 0.9450 000641 .000356 1&.2 17.8 18.2
27 1.0746 .000659  .000366 0.2 0.0 0.3
27-4 0.9827 .000643 000357 1245 12:.2 2.7
2 0.9720 .000660 .000367 i 13.9 Ld5
30 0.9598 .000647  .000359 15.9 19:7 15.4
31 0.9884 .0000647 .000359 11,7 11.6 1X.4
32 C.9471 .000655  .000364 17.9 17.6 17.6
33 1.0080 .000667 .000370 8.9 2.8 2.2
36 0.8854 .0C0633 .000351 28.3 28.2 8.2
37 0.9378 .000637 000354 19.4 19.2 19.0
38 1.0559 .000660  .000367 2.5 2.3 2.0
9 1.0572 .000650 .0003066 2.3 2.1 220
A1 0.5612 .000656  .000365 15.%7 15.6 15.1
L, 0.9510 .000641  .000356 : e 17.1 14.8
L5 0.9447 .000650  .000366 18.3 18.0 17.8
Avg. 0.9716 .000654  .000363 14.39 14.20 14.28

Omitting 5 & 6 .000650  .000361



TABLE I1

Density end Coefficient of Expansion of
"L" Series.

O AP.I.
Gravity at Change in sp.zr. From gravity
No. 60° F bt it col. 2
1 1.0123 0.000381 0.000686 8.3
2 0.9853 0.000358  0.020644 12.
2 1.0241 0.000405 0.000729 6.7
A 1,0165 0.000381  0.000686 17
5 0.6978 0.0003%4  0.020709 10.3
6 0.9843 0.000371  0.000668 12.3
7 0.9895 0.000363 0.000653 11.5
3 0.9643 0.000361  0.000650 15.25
9 1.0087 C.000364  0.000655 .77
10 0.5867 0.000364  0.000655 11.89
12 1.0225 0.000368 0.000662 £.9
13 1.0070 0.000365 0.000657 .01
i 79 0.9914 0.000371 0.000668 11.23
15 0.9923 0.000349 0.000628 11.3
16 0.9766 0.000366  0.000659 13.41
17 0.9895 0.000350 0.000631 11.5
18 0.9872 0.000365 0.000657 11.83



14. The data were Dlotted and the density at 60° F, or
M
o

15.5° ¢, was determined. This _Lt>r“iﬂat'0ﬂ waz based upon the as-—
sumption that the same chénge specific gruvity held from the lowest
a7 1 ~ 1 e T+

5,52 C, or 60° P, the reference standard.
5 some 0ils heve & pour point of 652 F and
others are sc viscous at 70° F that readings cannot be made with any
setisfection. The vslue at 60° F then was determined by extrapolation
of the experiwen‘“l deta and is given in column 2 of Lable I for the
BRL series and in Tsble IL for the "&" series. In columns 3 and 4 of
Tetle I is given the change in speciflic grevity for the same oils c&al-
culnted from these data.

4.5, Ls most specific gravity determinations are made by use of
bydrometers, the 6ruVitj was determined by the use of (1) hydrometers
celibrated in specific gravity and then converted into degrees A4.P.I.
by use of tablos and (2) hydrometers graduated in degrees A.P.I. The
gravities by means of specific gravity hydrometers were determined in
1931 or ebout two years earlier than the determinations with the API
hydromsters. This mey accouat for the varlations between the two sets
of determinations. Column 5 of Table I gives the degreec A.P.I. cor-
respoading to the gravity ct 60° F os determined by the Westphal balance.
Certaln oils due to their neavy specific gravity could not be converted
to degrees A.P.I. with the tables available. These were converted to
degrees A.P.I. by using the following equatlions

T 141.5 - 131.5
AETL sp.grav.at 60°
60°

The range between 0° A.P.I. a2nd 10° £.P.L in terms of specific grevity
was calculeted by the above formula and is given on the following shect.
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16. he dato for the HEL series in Tebie
Bt ilumns 5 and & have much closer agree
te in 7 or & znd 7. This may be due to tu
cific gravity of the oil during storsge &c the velues gi
8 5 and 6 we“e teken twe years or more after those in co
stribution of the differences in the readings is given b

cnce in : Colmam 5 from & 2 Colwrn 5 from 7 : Column € fram 7
es 4.P.1. s - : T+ - 3. =F o
0 2 6 2
oM g & 2 2 1 2
0.2 9 1 2 1 3 2
{33 5 4 3 4
0.4 & 2 3 T 1
0.5 i 4 ¥ 4 < 1
over 0.5 0 A 2 2 )
Total 257 2 2 18 6 7 1z 3 16

Ave.devietion
b 0.22 0.29 0.42

b;:01f10 gravity
(15° API basis).c..- 0.001Z 0.0026 0.0028

1t should be noted that the readings teken with the Westphal bniunbb, when
converted to degrees A.P.I., give a higher value than those taken with
cither an A.P.1. hydrometer or & hydrometer calibrated in specific gravity.
This meens that the specific v“'v‘tj is less,determincd by the Westphal
belence end using the change in specific gravlty with temperature, than

the velues determined with the A.P.I. hydrometers and the tables used for
correction of temperature such as U.S. Burezu of Standards Cireculsr £1454.

7 The vaines [for the "A" ser*es show the opposite finainge.
Table III gives the specific gravity in PA.P.I. for the "A" series as found
by this and the coopereting leborstories. The determinations made by these
laboratories are nrooublv nade with hydrometers. The velues &t this Lab-
ﬂratory cve thirteen gravities that were lower than the average and

five hl;her. This means that the resulte at this Laboratory will report
& fuel as denser then the other lsboratories. But the findings are such
that the average error for &ll the gravities reported is + 0.23° A.P.I. or
about 0.0015 specific gravity units based upon & 15° A.P.I.
18. In any determinztion with & bydrometer, if the oil
hcated to & temper91“re eufficient to mzke the hydrometer floct €
there is very ept to be & resistance to the slow drop of the hydrome
in the fluid and as & result the readings will be low; that is
il will show & gruV1t3 of &n oil heevier than it reelly is. 118 error
may be as greet as 0.2° A.P.I. and may account for the d1;1erenc g found
n columns 5 and 6 of Teble I, &and verifies the average veriztion found
in Table III,

\.
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in velue
fi 0.9716,
14 To show
&r specifiie
tions
il it Hix equel p 2
_SAP.I. s specific egrovity 33  Results
5 s 10 : 15 : 20 1.0366 : 1.000 : .9659 : 0.9340 :: %
1 G5 1 3 7.5 T.46 1.01E3
1 1 | 1 12.5 32,04 ©.5830
1 1 1 1 17.5 E45 0.9520
1 3 & 1 15.0 14.82 D.9E70
i 13 1 1 10.0 9.81 1.0013
1 L % 12.5 12.11 0.9853
i 45 34 1 1 1 10.0 $.8% 1.0008
gl 1 1 g, 1 1 15.0 1£.89 0.9666
1 3 1. 1 i 3 i 1 12.5 1Z2.28 0.98/1

This shows that the velues found by averaging ©A.P.I. are alwaye hlbhe“ tnvn

the true ones found by cveraging specific gravities. Of course, 1
thie averaging of sny gravity measurements it must be assumed thet the r
uiting solution has no change in volume or sbnormelitie il &

"_NJlting density.

ST AT I T AT
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20. The ordinary method of determinetion of specifie gravity of any

semple is by the use of & hydrometer. This hydrometer may be celibrated
gither in terms of specifie gravity or degrees A.P.I. As the temperaiuvre

cific zravity can be obteined from the use of tables such ac the Turccu
of Standerds Cireuler #54.

5 The corrected gravity, as determined by the use of there talle
is dependent upon the particuler fuel oil chosen as standard and whose chen
of s 3

est to give the value used in various publications as foilows:

Page 19 ~ Change in specific gravity for different specific gravities sre
t Y
oLDWﬂ in the follow1ng tables

e

is teken at the same time the specific gravity is determined, the corrected
i

¢ gravity per degree is used by those who prepare the tekles. Lt

€
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Speelfic Grevity Change in Specific Gravity

15.56°C o

15.56°C ¢
0.890 0.00075
0.900 0.00074
0.910 0.00073
0.920 0.00072
0.930 0.00071
0.940 0.00070
0.950 0.00069
0.960 0.00069

Buresu of Standards Circular A5 - HangQ, 1924.

Change in speeific grevity celculated from datz given in tsbles:

Specific Gravity Change in Specific Gravity 60° - 180°F
15.5°C OF c
15.5

C.g9¢ 0.000336 0.000605
0.980 0.000336 0.000605
0.9¢0 0.000337 0.000607
0.940 0.000340 0.0060612
0.220 0.000342 0.Q00616
0.900 0.000344 0.000620
0.880 0.000347 0.000625
0.860 0.000342 0.000629

Menual of Engineering Instruction — Chapter 39 - Tables (Revised ¥ur. 1929).

Ucing Teble 30, the change in gravity per Cdegree Fehrenhelt from 60 to
100°F was calculated for the following densities:

Density Observed Change in Specific Gravity per degree I
0.900 0.000352
0.9220 2.000350
0.940 C.000350

Using Table 31 given in degreec R.P.I., the change in gravity per degree
Fahrenheit was caleulated for the following:

Tatil. Density Change in Specific Gravity per degree F
10.0 1.0000 0.000356
14.0 0.9725 0.000358
19.0 0.9402 0.000348

32
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PV & -y
0.000344 0.00062

0.000337 0. 00041
0.000347 0.00086
0.000350 0.000565

i o g -,
ruel Testing - G.W. Himus

Hezvy fuel cills 0.00034 0.000612
& can be obtzined giving & change
p Y will very s much as thirteen percent,
These SNCES W & grouter effect on determinztions of gravity
of oils zg the temperature must be raised to obiein = resding with the
ja To show this the following calculations were mede using a
change in specific gravilty per degree Fehrenheit of 0.00034, 0.00036
and O. 38 with temperatures of the observation of 77°F, 100°F, 120°F.
The results are:

Temp.at which Sp.: Specific Gravity at 60°F or 15.56°C using
Gravity of 0.950 : chenge in specific gravity per degree F.
is observed :

0.00038

: 0.00034 0.00036
: & Sp.dr. OLPI

Sp.or. O4KPI

8]

-
e L3
ve oo

T7°F or 25.0°C 0.9557  16.56  0.9561  16.50  0.9565 16.43
100°F 37.8% 0.9635  15.36  0.9644  15.23  0.9653 5.09
120°F 48.9°C 0.5703 14.33 0.9716 14.13 0.9730 13.93
These date are plotted in Plete 2. In terms of volume, such as gzllons,
it meens that if the Navy purchasedé 1000 gallons with & density of 0.950

determined at 77°, 100°, or 120°F, and using the above change in density
with temperature, the actusl gzlions calculated at 60°F would be:

Change in Density Temperature
°c 77 100 120

0.00034 (Cire.#154) 994.0 986.0 979.2
0.00035 (Navy) 993.8 985.5 o78.5
0.00036 (NRL) 993.6 985.1 977.8

0.00038 993.2 984.2 976.4

i
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T F154 is 0.00034, the veliuc
i 0!035, uud the aversse vilue

; ; £ . This shows thot the linv

for more then it cotus t should be noted hex
renyv of both the NRL and "A" series ussd in this study ere
"Bunker Fuels" as deliver d to the Mavy but are the stocks f
the commercisl deliveri e blended, anG thercfore this da
uzed only as en indication fer fubure trends. 4s the fuel oi
Lecvier or more viscous the temperaturc must be rzised tc be &
hydrometer floats readily in the oil znd in so doing this correction
feetor will give a greater deviation &s shown ebove.

25. Lest the wrong impression is left, it should be noted from
Table III thet the average deviation in measuring the degrees A.P.I is
+0.23. From the calculeted values given above, it is seen that the
specific gravity A.P.I., when the reading is made at 77°F and corrccted
with the varying coefficient of expansions, varies only 0.13 of & degree
£.,P.I., which is zbout 60% of the &verage deviaction in the obuervaulon“.

If the readings sre teken at 100°F, the meximum difference is 0.27° EPuTuy
or slightly more than the average cdeviation reported in Table III. Ir

the readinge are corrected by the Mevy factor of 0.00035 and those for
cracked fuels of the "A" series with & specific gravity of less then

1.000 sre corrected by fauctor of 0.000364, then the difference will be
about 0.1° A.P.I., when determined at 120°F or less when corrzcted to 50°F.
Therefore, the Navy tebles oo now used are within the limits of error of
the observations.

26. In the other reports the NRL end "A" oils have been compired
as to types, specifie gravity, viscosity at l““OF, molecular weight, ete.
Thea oils will now be compared as to chunge in specific gravity per
degree Fehrenheit as to gravity, etc.

27, The HRL fuel oils sre grouped &s to whether cracked, cracked
Dlvnuu, mtIulanT runs, blends of unknown source, or shale olils; and the
avity %ltﬂ tempereture shows that the shale olls have the
in grevity with tempercture, the blends of unlnown sovree
acd fuels are next, while the straight runs have the least change
i gravity with chenge in temperature. This will be discussed
further under moleculer weights. The data are given in detail in
cppendices A and B, end are summarized &s follows:

Change in Specifiec

No. Gravity, °F
UNALY serics - cracked 8 C.000364 + 0.000006
erucked blends 3 0.000362
gtraight run il 0.000356 + 0.000004
vlends 7 0.000364 + 0.000005

—n
sersd
m
et
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0.0003%1 + 0.CC0007
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"M Serics - eracned and vlends i 0.00638% + 0.000010
284 The correlation between change in specific graviiy per

degree with the viscosity &t 122°F is given below:

Everage Chenge in Specific Gravity per °F

HEL Series "AM Series
Viscosity Ho. No.
200 sec.F or grester 7 0.000359 6 0.000371
180-200 sec.F 8 0.000361
50-100 sec.F 8 0.000362 8 0.0003¢8
less than 50 sec.F 6 0.000262 L 0.000267

The zbove summzrized datz of these fuels grouped sccording to viscosity
do not show eny definite trend. With the "A" sgeries the more viscous
fuele heave & slightly greater change in viscosity.

29. HKRL Report P-25-7 glves on page 11 &s one of the conclusions:

(4) Thet a cracked residuum has a smeller molecular weight
than & straight run residuum. This correlates with the
gravity of these residuums, i.e., the specific gravity
increascs &8 the molecular weight decreazses.

The sume conclusion can be drawn from the date in this report. The
change in specific gravity per degree of a member of the crometic series
is grester than for those of the aliphatic series. The demnsity &as given
in Report P-25-7 is greater for members of the aromatic series than for
those of the aliphatic series. A few are given below:

llolecular Specific Gravity  Change in Jpec.

weight Temp. Gravity per °C

Hexedecane 226 18°Cc  0.7754 0.000688
N-Tetrakosan 338 51.1°C 0.7786 0.000638
Naphthalene 128 98.4°C 0.9621 0.000836
Diphenyl 154 82.0 0.9845 0.000€19
1,4 dimethyl naphthalene 156 16.4 1.0180 0.000716
1,3,5 trimethyl 2-cetyl

benzol 344 40. 0.8452 C.000654
Phenyl,o-tolyl sulfide 200 0 1.1131 0.000793

The above values show that an &liphetic hydrocarbon having a benzol
nucleus fastened to the chain such as 1, 3, 5 trimethyl 2-cetyl benzol
has & change in specific gravity similar to the fuel oils studied at this
Leboratory while & straight chain hydrocarbon such as n-tetrakosane hes a
vulue equel to the smzllest change in specific gravity found in this
wWoTK.

X
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20 The chang
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in specifiec grevity per degree I is sumnarized
stoudied in this report:

Aversge change in Speeific Gravisy — °F

T .
NRL Series "

lo . No.

1.000 - 1.070 6 0.000366 6 0.000377

L] =] 3 -
A" beriegz

+
bel
[

Epeeiflic Gravi

)

0.9380 - 0.999 5 0.000301 9 0.00026%

G.080 < 0.979 10 0.000201 3 0.000362
leas then 0.950 7 C.000353

The zbove summarized data show that the heavier fuels have the higher
oefficients of expuansion.

n speeific gravily per degree F is summarized
& tudisd in this report:
fverage change in Speeific Gravity - oF
NREL Series AN Series

Holecular Welght iio. _ No.

Less than 350 0.000368 10 0.0C0372

Lh

350 - 375 7 0.000362 5 0.0003268
775~ 100 3 0.000361
Over 400 2 0.009356 3 0.000358

The above summerized date show that the smeller the averuze anlsoular
. i e

weight is, especially with the eracked resldues, the greaiter is the co-
efficient of expension. This checks the literature and is expected.

32. The "A" series has been studied more in detail than the NEL
5 and in Appendix B will be found this series tabulated in order

coefficient of expension; given with this are tke hydrogen-carbon
ratio, NBL rating, and the average deviations of the observatlons gziven
in Table III. No definite coordination can be made as to the cause of
the high average deviation that some fuel 0ils show.

OPINIONS

33, It is the opinion of this Laboratory that the coefficient of
expansion used by the Navy is satisfasctory, especially so when the average
variation of determinations is of the magaitude of 0.2° A.P.I. lherefore
the present tables are considersd satisfactory for fuel oils with a
gravity of 12° A.P.I.

=



i 1t is recommeanded that the Navel Boiler Leboratory in their
study of fuel oils, check the coefficient of expansions of fuels de-
liverad on Havy contrazcts at intermitient tines.

SUMLLARY
35. The przsent temperature zonversion tzbles used by the Hovy
with fuel oils are satisfactory for the fuel oils studied in this report.
36. The coefficient of expansion caleuiated from the Havy tables

dezrec F., while the "L" series which has & speeific
than 1.000 (or 10° A.P.1.) is 0.000364 °F. This difference
the gravity at 60°F if the determination was at 120°F as

average deviation of the observations as made by various

~18-



grevity of the NRL series
of fuel oils at different temper g e Lemperature renge covered
with each fuel is dependent upon the viscosity of the oll studied. The
reudings were teken at as low temperaturce e nossible, where the
fiuidity of the oil would permilt accurate raudings with the Westphal
baicnece.

L

0il No. Temp. °C Sp.Grav. _0il Ho. Tenn. 2C Sp.Grav.
3 84.2 0.9153 13 90.5 0.G077
76.1 0.G206 79.9 0.9145
68.1 0.9259 68.2 0.9217
60.9 0.9306 & 0.9222
57.7 0.9284

4 87.2 0.9042

78.4 0.¢101 14 B3.7 0.9513
69.7 0.9160 72.4 0.9589
60.8 0.%219 63.5 0.9647
51.0 0.9282 53.0 0.9718
' 43.9 0.9780

0.9866

wn
o
fuir
oo
sl
o

0.8559 39.9
71.6 0.8632

7i.1 0.8635 15 95.5 0.88¢5
£1.5 0.8702 2.0 0.2971
52,2 0.8770 £9.8 0.9051
41.8 0.8844 59.6 0.9117
28.9 0.8936 51.5 0.9170
41.9 0.9232
6 a3.2 0.8834
T3.7 0.8901 16 91.9 0.9347
62.0 0.8979 82.5 0.9402
2 0.5054 73. 0.9462
42.5 0.9115
i 0.9176 17 91.5 0.9199
£0.0 0.9281
] 88.5 0.9378 €9.2 0.9340C
78.5 0.9445 £0.5 0.9399
68.9 0.9509 4S.2 09472
59.3 0.956% 27.9 0.9546
59.0 0.9571
58.8 0.9575 21 87.7 0.9142
5tk 0.9622 78.7 0.919¢
68.4 0.9263
a 82.3 0.9458 58.5 0.9326
85.1 0.9546
76.1 0.9605 22 91.6 0.2042
70.0 0.9645 82.4 0.3100
72.1 0.9168
12 20. 0.8858 62.9 0.9225
s 0.8917 ST 0.9227
61

0.8973
0.9041 £-1
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[
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Cil HNo. Temn. °C Sp.Gray. 0il No. Temp. °C Sp.Grev.
24, gg8.1 0.5804 32 88.1 0.5001
79.2 €-9865 80.2 0.9048
66.5 0.9947 7.1 0.9106
58.2 1.0000 él.6 0.9148
51.9 ¢.9232
25 95.9 0.9516
83.0 0.9600 33 90.2 0.3582
71.8 0.9673 20.3 0.9650
61.1 0.9742 71.7 G.9707
61.0 0.9777
26 €8.1 0.8985
87.0 0.8592 36 89.3 0.8383
8.2 0.9047 21,1 0.843
70.2 0.5099 7Li5 0.8495
69.7 0.9102 61.2 0.8561
61.8 0.9152 51.3 0.8625
6.1 0, 5157
5277 0.9210 37 87.5 0.8917
78.2 0.8976
27 98.5 1.0199 69.1 G.c03
20.0 1.0254 58.4 0.9102
29.4 1.0258 50.6 0.9152
79.7 1.0321
75.8 1.0352 38 85.8 1.0093
71.0 1.0383 774 1.0147
62.1 1.0436 y 1.0154
: 68.1 1.0210
27-A 90.2 0.9341 61.0 1.0256
30.4 C.9405 54.1 1.0301
Ti.1 0.9465
0.7 0.9468 39 86.9 1,0105
61.0 0.9531 79.9 1.0151
72.1 1.0202
28 30.2 0.9240 657 1< DR4L
82.4 0.9250
4.6 0.9341 41 80.5 0.9183
67.8 0.9385 70.0 0.9252
67.1 0.9390 61.1 0.9308
52.5 0.9366
30 80.6 0.9174
7.2 0.9234 4 91.5 0.9022
60.28 0.9302 81.2 0.9991
52.0 0.9359 75 0.9156
60.0 0.9224
21 98.1 0.9342 51.6 0.9280
91.3 0.9389
83.1 0.9440 45 ‘ 0.
75T 0.9488 . .
67.3 0.95L4
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The il series is tobulated ge o {ype, whether cracked, streizht rins

or viends &z follows:

Chiange in specific gravity

_Oracked °F
9 0.000367
14 0.000273
16 0.000356
2% 0.000357
27 0.0003566
2=k 0.000357
33 0.000370
38 0.000367
Ave. 0.000364 + 0.000006
Cracked Blend
g ' 0.000363
X7 0.000362
25 0.000361
Ave. 0.000362
Straizht Run
12 0.000357
3 0.000349
15 0.000361
2] 0.000350
22 0.000356
26 0.000256
30 0.0200359
3 0.000364
256 0.000351
37 0.000354
L5 0.000366
Eve. 0.000356 + 0.00000%
Bleads
3 0.000367
A Q.0020374
2 0.000387
31 0.000359
3% 0.000366
AT 0.000365
A 0.000356
Lve. C.00036L + .000005



Change in specific gravity
Shzlc oils %
5 0.000398
6 2.000384
hve. 0.000291 + 0.000007
t of expunsion of tnc NEL series is tabulatzd telow
ecific gravity of the fuel oil studied.
Chenze in Sp. iz Speeifice
Gravitgy /°F :: Gravity  No.
1.070 R7 0.000366 0.969 &7
1.058 38 0.0003567 0.969 2
1.058 3 0.000366 0.965 41
1.026 24, 0.000357 0.963 30
1.008 33 0.00037 0.961 3
1.4300 14 0.000373 0.961 21
0.956 13
Ave. 0.000366 + G.G54 44 0.000356
Q.000005 3.952 4 0.000274
0.952 22 0.000356
0.999 25 0.000361
0.994 9 0.000367 hive. 0.000361 +
0.986 g 0.000363 0.000006
0.981 27-A 0.000357
0.980 16 0.000356 0.949 2 0.900364
0.948 L5 0.000366
kve. 0.000361 + 0.945 26 0.000356
0.00006G3 0.940 37 0.000354
0.938 12 0.000357
0.932 15 0.000361
0.826 3 0.000351
Lve. 0.000358 +
0,000003

Al
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HNo.
2/ F 512.0 0.0600357
27 F 395.1 0.0003565

9 F 2620 C.0002367
2 F 225.3 0.000361
a1 F 223.7 0.000350
16 Fohe L 0.000256
7B F 200.0 0.000357
32 F191.2 0.000370

169.8 0.00034%

F
2 F 153.3 0.00C0367
L7 F 136.8 0.000362
22 F12.. 0.000356

)
e
o]
‘_.l
b
S)
B~

0.000359

39 F 105.8 0.200366
) Filol.8 0.000363
IvA P 85.6 0.0003255

84.8 0.000359
20.0 0.000365

by b b b
.\J
=
o

3 0.000367
32 737 0.00036/,
L5 F 68.8 0.000365
26 F 65.0 0.000356
38 Fo60.7 0.000367

5 F49.3 0.000262
37 U 355 0.00035/4
12 U 240.1 0.000357

L F 19.8 0.000374
36 U 151.2 0.000351

e
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gcuiar weights of the fuel oils studied.

Holecular Change in Specifi

Ho. Weight Groevity /OF
14 273 8.000373
3 285 0.000367
A 306 0.000374
27 307 0.000366
3 314 0.000361
41 350 0.000364
3 364 0.000367
2/, 366 0.000357
33 366 0.000371
30 367 0.000359
8 370 0.000363
37 371 0.000354
26 377 0.000356
31 3 ~ 0.000359
12 381 0.000357
44 381 0.000356
15 382 0.000361
45 387 0.000366
32 SO ' 0.00036/
25 395 0.000361
=e S 0.000367
17 403 0.000362
2 £04, 0.000367
<7-4 41 0.000357
16 17 0.000356
22 418 £.000356
36 419 0.080351
21 477 ¢.200350
13 510 0. 200349

N
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NN NS TG YOS SR
ik 4LOPF 1.019¢ 0.9925 1.0322 1.0241 1.0057 0.9917
40°F 1.0123 0.9853  1.0241  1.01%5 0.9578  G.9843
20°F 1.0047 0.9781 1.0160 1.0089 0.9399 0.9749
120°PF 0.9894  0.9438 0.9998 0.9937 0.9741 0.9421
160°F 0.9742 0.9495 0.9836 0.9784 0.9584  0.9472
200°F 0.958% 0.9352 0.9674 0.9632 0.9426 0.9324
240°F 0.9437 0.9209 0.9512 ©.9480 0.9262 0.9175
Cionge In Gravity
per °F 0.000381 0.000358 0.000405 0.000381 0.00029 C.000371
PI at 60°F 8.3 I2.% 6.7 T 10.3 12.3
e 7 8 9 10 ] 12
revity LO°F 0.93462 0.9715 1.0160 0.9940 0.9718 1.0299
60°F 0.9295 0.9643 1.0087 0.9867 (0.9646 1.0225
80°F 0.9822 0.9571 1.0014 0.9794 0.9574 1.0151
120°F 0.9677 0.9426 0.9869 0.9649 0.9431 1.0004
160°F 0.9532 0.9282 0.9723 0.9503 0.9287 0.9857
200°F 0.9387 0.9138 0.9577 0.9357 ©$.9142 0.%71
240°F 0.9242 0.8993 0.9432 0.9212 0.9000 0.9563

i
.«
F
3 cF
e

per o 0.0003563 0.000361 0.00036/ 0.000364 0.000359 0.000368
iPI &t 60°F 11.50 15.25 8.77 11.89 15.20 £.90
13 1L 15 16 17 14
Gravity LO°F 1.9143  0.9982 0.9993 0.9839 0.9965 0.9945
60°F 1.0070  ©.9914 0.9923 0.9766 0.9895 0.9872
20°F 0.9997 0,9840 0.9853 0.9693 0.9225 ©.39755
20°F 0.9851 0.9692 0.9713 0.39547 0.9685 0.9653
160°F 0.9705 0.9543  0.9574 0.9400 0.9545 0.9507
200°F 0.9559 0.9395 0.9434 0.9254 0.9405 ©0.9361
240°F 0.9413 0.9246 0.9295 0.9107 0.9265 0.9215
Change in Gravity
per °F 0.000365 0.000371 0.000249 0.000366 0.000350 0.0003565
\PI at 60O°F g.01 11.23 Th 10 6l 11.50 11.832
B-1



1.024
1.023
L. 007
1.012
1.409
1.007
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17
10
18

16
11
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Chenge in Speeillic

Grzvivy / OF

0.000L05
0.2002¢68
0.000321
0.000381
0.000364
0.000365

C.000377

0.000394
0.000349
0.000371
0.000363
0.000350
0.00036/
0.000365
0.000358
0.000371

0.000365
0.000366
0.000359
0.000351

0.000362

&

|+

|+

0.002312

0.000C09

0.000003



“L" Seriss

Molscular Coefficient of
Ho. Welght __Bypansion /°F
1 261 0.000321
9 297 0.000364
1z 306 0.0003468
3 213 0.0200405
A 320 0.000381
g 321 0.080371
13 332 0.0200359
10 334 0.000364
7 341 G.0003632
I3 3L6 0.000365
16 355 0.000366
6 361 0.000371
2 365 0.000358
5 365 0.000294
17 374 0.000350
18 410 0.000365
15 A15 2.000349
g 443 0.000361
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233.8 0.000348
151.5 0.000265
148.9 0.200365
T 0.020361
136.1 C.000381
115.56 0.000405
26,5 0.000250
81.2 0.000332
20.8 0.000371
80.2 0.000358
L M 0.000368
£63.9 2.000366

2 0.000371
il 0.000363
7

o7 0.000364
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Docffizient
of B/C
Bxponaion Ho. Ueneitr  Ratio
G.000349 15 11,10 R
3.000350 17 1.50 1.401
3.00G358 2 12.10 L4004 365 53.0 G.17
0.000259 11 15.20 1476 332 8i.5 c.oe
0. 0003561 a 15.25 .518 243 £5.2 03,48
0. 000343 7 1l.50 1.3%51 341 T 0.07
0.000564 9 2.77 1.292 297 78.6 0.0¢
0.0003564 X0 11.89 1.385 334 80.7 1
u,uuu*cﬁ 13 9,01 1350 246 66.6 0.30
-5003265 13 11.83 1e435 410 9.1 Q.12
C.000346 16 13410 1.477 355 77.6 C.15
0.0200248 12 6.90 1.254 306 Bt 0.21
G.000271 o 123 L.418 361 70./4 0.23
0.000371 14 i 1.406 321 That 0.21
0.0003281 1 2.3 L.253 <61 90.G .17
,JUCZSJ £ e g 1337 320 04.8 0.16
G.O00394, 5 16.3 1.398 365 76.1 0.35
0.000405 3 6.7 1.278 310 ¢0.8 Q.35

tverage 0.000368° + 0.000010

B-5



R - WATER—>

APFPARATUS USED FOR SPECIFIC GRAVITY MEASUREMENTS
PLATE /



LIFHNISIHES ¢334H30

01 06 og o
SEEEEE TTFHof6 0

~
]
@

Ho
1N
~

bl
el

45
i T
. ; 160
_mu .w.” e
; £ i o
brotin 2
..ﬂ..- | . 11 QWQ.Q
B - o 1T ﬁ“ H
ﬁ—-
- ..__ | 560
HE ]

PLATE 2

ALIABHD 2/4123d8



