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for 5000, 5500, 6000 and 6500A, obtain the data 
" hich show very small but definite differences, 
Ihe values of B for the shorter wave-lengths being 
1.I~er than those for longer wave-lengths. The 
order of magnitude of this difference at 6L = 10 
e lll can be expressed as B4600-B6600=0.001. 
~lt-a5urements on width and thickness indicated 
Ih:! t during the stretching they decrease pro
rlOrtionally. Width was not measured for the 
mip in the constant temperature chamber, but 
il was assumed that the cross-sectional area 
\\ould be proportional to d2• With this assump
lioll the data show that if there is a volume 
chJngc under the conditions of stretching, it is 
rrrtainly less than one percent. This of course 
Illeans a Poisson's ratio of 0.50, which has been 
found to hold for rubber. 

A further test was made to include both the 
increase in length and the subsequen t decrease. A 
(rrsh strip was extended nearly 200 percent by 
one-millimeter steps every two minutes and then 
shortened the same way. The curves for this 
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experiment are Figs. 5 and 6. It is obvious that 
the return differs decidedly from the stretching. 
The strip finally became slack before the nut had 
reached the zero position, in other words the 
two-minute interval was too short for the strip to 
keep up with. In all of these experiments the 
stretching was in the direction of calendering. 

Birefringence measurements on rubber have 
generally been made on elastic rather than 
plastic rubber and have followed a somewhat 
different procedure,4 yet they seem to indicate a 
similar behavior in many respects. The Vinylite 
resin, like rubber, is raised in temperature by 
stretching, and when under constant load 
shortens when heated. When heated, either with 
constant load or constant length, the birefringence 
decreases. When stretched and left standing at 
constant temperature the birefringence de
creases. Measurements on these changes are in 
progress. 

• W. E. Thibodeau and A. T. McPherson, Nat. Bur. 
Standards]. Research 13, 887 (1934). 

The Viscosity of ;Pennsylvania Oils at High Pressure 
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Viscosity-pressure-temperature data are presented for six Pennsylvania oils which differ in 
chemical and physical properties at atmospheric pressure. This study is a continuation of one 
reported previously and employs the same apparatus and ~xperimental method. While the 
pressure coefficient of viscosity increases in general with molecular weight, the relationship 
seems to be significant only for fractions of a narrow boiling range from a single oil. The mean 
temperature coefficient of viscosity, between 100° and 210°F, however, increases with molecular 
weight at all pressures for all the oil samples. 

A PREVIOUS paperl presented viscosity
pressure-temperature data for three min

l'ral oils refined from California, Oklahoma, and 
l'rnnsylvania crudes. This paper is the result of 
.1 similar study made on six Pennsylvania oils, 
:Ill investigation undertaken to study the char
aCleristics of such oils in more detail than has 
III.'CII made hitherto. Particularly, the viscosity 
at !'everal pressures and temperatures has been 
studied in relation to the boiling point, tempera-

' It B. Dow, ]. App. Phys. 8, 367 (1937). 
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ture coefficient of viscosity, and molecular 
weight. 

Of the six oils, numbers 1, 2 and 4 were com
mercial Pennsylvania products . . No. 1 was a 
"bright stock" of high molecular weight, No. 2 
a "neutral" of low molecular weight, and No.4 
a highly refined oil, solvent extracted with 
Chlorex. Oils 3, 5 and 6 were narrow boiling cuts 
fractionated from oil No. 4 in the Petroleum 
Refining Laboratory of this school. Table I is a 
summary of the characteristics of the oils at 
atmospheric pressure. 
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The pressure effects were studied in the High 
Pressure Laboratory of the Department of 
Physics and the apparatus was similar to that 
used in the previous study.1 A rolling-ball 
viscometer, the temperature of which was regu
lated by a thermostated bath, was used In 

measuring viscosity over a pressure range of 

TABLE I. Data on Pennsylvania oils at atmospheric pressure. 

BOILING- DENSITY POINT (g/cm' ) R.NOE 

IN DEOREl!lS 
FlOmmHg Mo- VIII-

OIL AB80LUT!I LECULAR COSITY 
'21O' F No. CA.RM:TEOISTICS PRl!lSSURJI WEIGHT INDEX 1oo'F 130'F 

- --- - ----
I. Commercial 583-664 706 '102 0.870 0.860 0.841 

"Bright Slock" 

. 2, Commercial 459-588 368 100 .860 .849 .821 
"Neutral" 

3. Hi~h Boiling 
Point Fraction 

517-534 370 117 .841 .830 .801 

From Oil 4 

4. Solvent Refined 450-567 352 116 .838 .827 .798 
"Neutral" 

5. Medium Boiling 482-504 342 122 .836 .825 .706 
Point Fraction 
From Oil 4 

6. Low Boi~ Point 453-478 310 127 .832 .821 .792 
Fraction rom 
Oil 4 
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58,000 Ib./in.2 at temperatures of 100°, 130° and 
210°F. A_new calibration curve was necessary 
since the angle of tilt was less than that used in 
the previous study. Consequently, for long roll 
times the absolute coefficient of viscosity, /-I, is 
given by (See Eq. (3) of previous paper) :1 

J.t(7.36 - p)/155.S T. 

As before, p is the density of the oil in absolute 
uni ts and T is the corrected roll time in seconds. 
The characteristics of the calibration curve were 
so similar to the one used previously that it is 
unnecessary to reproduce it here. 

100'F 

900r----.-----hr--.li!I.-'--.-~--___., 

~ eoor_----j----1---1I--t----t------l 
w 
~ 

o 
~ 

fie l . Absolute Viscosity n . Prusure - Oil No. 3 

10ifF I.l(if 

900,------,-----ji---+---,-----, 

6OO~---_r--~~--r--1-------__l 

21efr 

IBOOO 32000 48000 64000 
Prtssurt In lb. per '4- in. 

ri, . 4. Ab$Oluft Yiseosi1y .'0 Pr~"urt·OtI No.4 

DATA AND DISCUSSION 

The viSCOSities, measured independently by 
the capillary pipette and rolling-ball methods, 
are given in Table II. The results by both meth· 
ods agree closely, the worst disagreement being 
about eight percent at 210°F for a viscosity ( 
of about four centipoises. 

The viscosities at higher pressures are re
. corded in Figs. 1-6. 

On examining the data shown on curves in 
Figs. 1-6, it will be observed that the oil having 
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t he hi gher coe 
pre:iSure a t a l 
I hl' greater c 
I he viscositie 
6 in creased uni 
I ho~e of the d 

tha l indicated 
("(l~ i t y and m 
only when fra 
.Ire used. 

Table III c 
tel1lperature c< 

o Wl" the range 
data. 

While the 
pressure of the 
rel ated to the 

T,\tlI.E II. Viscosi 

O il. CAl'l l.I 
I'U;\IUE R PI PE 

1. 406. 
2. 34. 
3. 26. 
4. 23. 
5. 20. 
6. 14. 

TABLE III. M. 

I 
O il. 14 .2 10, 
~". Ib .jin.' Ib.jil 
- --------I 

I . 0 .00R50 0.00 
2. .00778 .008 
J. .00762 .008 
4. .00757 .007 
5. .00745 .007 
6. .00730 .007 
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the higher coefficient of viscosity at atmospheric 
prc!'slire at any temperature will likewise have 
the greater coefficient under pressure. While 
the viscosities of the fractions, oils 3, 5 and 
(I increased uniformly with the molecular weights, 
those of the commercial oils did not, a result 
that indicated that the relation between vis
cosity and molecular weight is of significance 
on ly when fractions of a narrow boiling range 
:ue used. 

Table III contains computations of the mean 
temperature coefficient of viscosity, calculated 
ovcr the range 100° to 210°F from the pressure 
data. 

While the viscosity index at atmospheric 
prcssure of these oils did not seem to be directly 
related to the viscosity at various pressures and 

TARLE II. Viscosities at atmospheric pressure (centipoises). 

IOO"F 210"F 

OIL CAPILLARY ROLLING CAPILLA/tY ROLLING 
!\L'>IOER PI PETTE BALL PIPETTE BALL 

I. 406.00 415.00 25 .90 26.05 
2. 34.40 34.05 4.82 4.90 
3. 26.20 26.90 4.01 4.33 
4. 23.40 23.00 3.75 3.87 
5. 20.00 19.65 3.62 3.54 
6. 14.20 14.45 2.70 2.87 

TADLE III. Mean temperature coefficient of viscosity 
lOOo-Z1O°F. 

VISCOSITY 
(CENTI
POISES) 

MOLEC- _---;-_ _ 
(lIL 14 .2 10.000 18.000 30.000 ULAR 
SO. Ib./ in.' Ib./in.' lb./in.' lb./ in.' WEIGHT lOO°F 210°F 

I. 0.00R50 0.00870 0.00890 706 415 26 
2. .00778 .00812 .00835 368 34 5 
.t. .00762 .00810 .00829 0.00852 370 27 4 
t .00757 .00796 .00803 .00844 352 23 4 
5. .00745 .00777 .00796 .00848 342 20 4 
6. .00730 .00764 .00794 .00828 310 14 3 
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temperatures, the mean temperature coefficient 
of viscosity did seem to be related to the moh!cu
lar weight, both increasing together with increase 
of pressure. For each oil, it was found that the 
temperature coefficient of viscosity increased 
with pressure as shown in Table III, a result 
which is normal for pure liquids. 

These studies are being continued at present 
with the intention of mapping in greater detail 
the viscosity characteristics of lubricating oils 
over a wide range of experimental conditions. 
In conclusion, the authors acknowledge the 
interest and cooperation of Dr. M. R. Fenske. 
They are indebted to the Pennsylvania Grade 
Crude Oil Association for partial support of this 
program. 
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