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INTRODUCTION

As a part of a coordinated research program
being carried out by the American Petroleum Institute
Project No. &7, this study of the effect of pressure
and composition upon the viscosity of the methane,
propane, crystal oil system was made in an effort to
correlate further the physical behavior of hydro-
carbons., 8ince the study of a three component system
over the whole range of compositions, temperatures,
and pressures is a large task, this research was
limited to a température of 100°F, and to that region
of compositions bounded by a maximum of 5 mass per cent
methane and 20 mass per cent propane. The viscosities
were measured in the pressure range from below bubble
point to 3000 pounds per square inch, which was the
maximum pressure allowed by the design of the apparatus.

The work reported in this thesis consists of a
description of the viscometer, of tabulated values of
viscosity for the experimental coupositions investigated

and of a graphical presentation of viscosity and phase
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equilibrium data derived frbm the experimental values.
MATERIALS USED

The crystal oil used was a highly-refined water-
white paraffin base 0il produced from Pennsylvania
crude; its constituents had a narrow range of high
molecular weights and consequently the oil was of low
volatility, and of moderately high viscosity. Its mole-
cular weight was determined by the freezing-point method
in benzene and found to be approiimately d4z. 1ts
density at 100'F was 0.8844 grams per cc. The sample
was obtained through the courtesy of the Union 0il Com-
pany of California.

The propané used was obtzined from the Philgas
Company, of Bartlesville, Oklahoma who repérted the
special fractionation analysis 100.00% propane, Investi-
gation showed the bubble-point and dew~-point varied by
less tham 0.5 pounds per square inch, thus substantiating
the Philgas Company's analysis.

The methane used was prepared from natural gas in
equlpment already developed by the Project 37 for re-
moval of the higher molecular weight hydrocarbons by
compression, cooling, and subsequent liqueféction of the
undesirable components. Further treatment of the methane

with activated charcoal served to remove small amounts of
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ethane and higher hydrocarbons to the extent that less
than 0.02 per cent remained in the methane gas. Partial
solidification at liquid air temperatures and 1.05 pound
per square inch pressure served to remove all but a trace

of the nitrogen and similar gases.
DESCRIPTION OF THE APPARATUS

The instrument used was the rolling ball viscometer
adapted by Sage (1) from the earlier forms used by
Flowers (28) and Hersey (8). 1In principle it consists of
a ball moving down (by a combination of rolling and slid-
inu, whence the name ®rolling ball') an inelined, liguid-
filled tube for a fixed distance. The annular clearance
between the ball and the walls of the tube is on the
order of a .01 inch so that viscous flow of the liguid
past the ball is maintained over the major portion of
the viscosity range. Thus, for a given ball, the value
of t(e-e)* is a linear function of absolute viscosity
of the liquid. However for low viscosities, &s is
shown by a sample calibration curve, the flow through
the annular space becomes turbulent, and the relation-

ship between viscosity and the parameter t(e,-@©) is no

1 Notation: ¢
[
e

roll time, seconds
density of ball grams/cc.
density of liguid grams/ce.

nuH
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longer linear. Another factor which enters into this
deviation from linearity is the acceleration during
starting, which is, however, negligible for allfexcept
the shortest of roll times (15 seconds) as may be
Judged from the faet that the complete roll time of
the ball down the clean sir-filled tube is only 1.3
seconds. -

A4 schemagtic diagram of the instrument developed
for the measurement of viscosities in the candeﬁsed
region as Well}as for the two phase region is shown
in Figure I. The liguld under test was circulated
through the saturation cell A; to the variable volume
cell B thence up the roll tube of the viscometer proper,snd
returned to the saturation cell to the cam pump. A vane
agitator was »rovided in the upper part of the satura-
tion cell to assist rapid attainment of phase eguilibrium.
The system was so arranged that any entrapped gas in the
roll tube was swept out by the circulating liquid and
into the gas space in the top of the saturation cell.
The total volume of the closed circulating system could
be variea about twenty gér cent at the will of the
operator by admission to or release of mercury from
the bottom of the variable volume cell, permitting the
measurement of viscosities in the condensed regilon.

The upper yressufe limit was set at 3000 pounds per
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square inch by the design of the instrument.
EXPERIMENTAL METHOD

In operation, the entire system was filled with
a welghed o0il sample, which after attainﬁent of therm&l
equilibriunm, (reéuiring 1 to 2 hours) was cireulated
through the roll tube, forcing the ball to the top,
above the outlet tube, and removing any gas bubbles
from the viscometer tube. Circulation was then stopped,
the ball allowed to roll part of the way down the tube,
and then the upper contact was screwed down a definite
small distance. Starting the cireculation again pumped
the ball up the tube and wedged it against the upper
contact pin.l Circulation was stopped, the valve at
the lower end of the roll tube closed, and after a
short wait to allow the turbulent currents to cease
the upper contact was lifted, starting the ball down
the tube and actuating an electric chronograph. The
ball, on striking the lower contact, again actuated
the chronograph and the roll time was thus recorded.
The valve at the bottom of the roll tube was then

opened, clrculation started again and the measurement

1 this procedure gave quite reproducible results,
even though the upper contact may be reset a dozen times
during the course of a run.



repeated until a constant value was obtained. The
pressure on the system was then increased by admission
of mercury at a high pressure to the bottom of the
variable volume cell, equilibrium reestablished by cir-
culation, and a viscosity measurement then taken at the
higher pressure, which was maintained constant by the
use of fluid pressure scales. VWhen the pressure limit
had been reached, the pressure was dropped to below |
bubble~point by release of mercury, more gas was then
forced in, and the whole series of measurements repeat- .
ed on the licuid for both the two phase and the con-
densed region for the new composition, It was the
usual experience to obtain one or two values for
pressures below bubble~point, one value at bubble~
point, and then values for the condensed region at
gauge pressures for even 500 pound intervals to 3000

pounds per square inch.
HEASUREMENTS

The pressure on the system was measured by means
cf a fluld pressure scale connected to the mereury in the
bottom of the variable volume cell through a msrecury trap,
the transmitting fluid being transformer oil. The fluid
pressure scales used were sensitive to 0.1 pound up to

300 pounds and to l. pound up to 3000 pounds.



The erystal olil sample was added from a glass
weighing flask. The propane was weighed in from a
small steel bomb. All_weighiﬁgs were by difference,
and were accurate to B mg.; representing an accuracy
better than .1% for the smallest addition made. The
methane was added under pressure from a calibrated
reservoir, with an accuracy of .3% by weight.

The temperature of the viscometer was held at
the désired value by means of an oil bath and an
electric heater controlled by a mereury regulator,
which maintained the temperature within a .04° F. of
the fixed temperature. The maximum observed temperature
variation from point to peint in the bath was less than
0.1° F. Temperatures were measured with 2 mercury-in-
glass themometer with graduationsto 0.1% ¢ and having
a Bureau of Standards calibration. Exposed stem cor-
rection for the temperature of 100°F (or %7.76°C)
amounted to only 0.07°F.

Time was measured with an eleetric chronograph
having an electromagnet actuated recording pen, énd a
drum driven by & small synchronous motor which was, of
course, subject to minor variations in the line frequency
amounting to not more than O.l%, The design was such
that onerinch of tracing represented one second, thus

allowing the estimation of the elapsed time to 0.01



second.,.
CALIBRATION

The calibration of the viscometer was carried out
with the ligqulds of known viscosity by following the
general procedure outlined sbove, with the exception of
the gas addition and attending manipulations. The ball
was one which had been previously used, but the ecali-
bration was checked at six points and at two temperatures
with two kinds of crystal oll and a kerosene. The vis-
cosity of one oil, (a western oil having a high naphthenic
content and hereafter feferred to as crystal oil B) was
known from previous work (4), while the viscosity of the
previously described oil (an eastern paraffin base oil,
and hereafter referred to as crystal oil C) was determined
at 100° and 160°F with a previously calibrated Pyrex
Ostwald viscometer. The viscosity of the kerosene was
similarly determined in a quartz Ostwald instrument.
These points, together with the points detefmined earlier
were used in drawing the calibration curve shown in
Figure II. For the rolling ball viscometer the viscosity
is proportional to the roll time and to that component
of gravity determined by the angle of the roll tube and
the difference in density between the ball and the liguid.

The angle of the roll tube is constant, hence so long as
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the liguid flows past the ball is viscous, the parameter
of roll-time multiplied by the difference in densities
of ball and liquid is a linear Iunction of viscosity.
‘Examination of the calibration curve indicated sub-
stantial linearity for the range &0 to 500 millipoises,
with some indication of turbulent flow Tfor viscosities
of less than &0 miliipoisés.

The single ball used was sufficient to cover the'\\

full range in#elve&, so no further calibrations were

negessary, except as a check upon the accuracy pf the !
calibration, for the work of Bage (1) indicated that /
any change in the surface condition of either ball ar//f
roll tube would cause large errors in the results. //Ehe
ball used was precision ground from stainless iron
(Gensity 7.675) to within .0001 inch of spherieal, and
extreme care was observed in handling the ball to sssure
maintenance of an accurate calibration. The roll tube
was of similar material and machined with egual mﬁﬁeision.
Previous work of Sage (1) indicated that any effeet of
pressure on the calibration was negligible. Similarly,
the effect of temperature on the calibration was found

to be negliglible,.
CALCULATIONS

The calculations involved were simple. The liguid
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density for a given solution was calculated from the
laws of perfect solutions, and the estimated compres-
sability of the liqguid and the value of the parameter
t(e,-e) found from the corresponding roll time, t. The
viscosity was then read from the calibration curve and
recorded as rough data., The rough values were plotted
on a scale large enough to give readings of comparable
accuracy. with the experimental work (0.5%), the best
fitting curves drawn tﬁreugh the points snd the smoothed
values of viscosity read from the curve thus drawn.

The excellent agreement of the values may be seen from
Figures III, V, VI, and VII, in which the actual experi-
mental points are shown for the different compositions.
The compositions were calculated both on the basis of
welght per cent and mol per cent, using an average value
of molecular weight of 34Z for erystal oil C. The vis-
cosities for the experimentally studied compositions

are tabulateé_and‘shown in Appendix A. The arrange-

ment is in the order of increasing mass ratic of propane
to erystsl oil. _ _

At this point it is perhaps advisable to explain
the "mass ratios® as used in this thesis. As is well
known, to represent in full detail a given variable as
a function of composition and an independent variable

{pressure) for a three component system would require
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more than three dimensions. One possible solution is
the tabulation.of viscosity for each composition and
pressure, such as has been done for the experimental
compositions. The only other alternative for convenw-
ient presentation is to show one variable as a function
. of two others with the restriction that the ratio
{either molal or weight) of two components must remain
constant. For this work, the mass ratid of propane to ™

crystal oll was chosen as the most convenient ratio to

e

hold constant, as it arose directly from the experi- f Sew

mental procedure, in which the propane was added first ;
to the crystal oil, thus establishing a fixed weightﬁ/,f
ratio of the two. All subsequent changes in composil
tion for this particular ratio were made by addition

of methane to the system. As the experimentally de-
termined molecular weight of a hydrocarbon such as
crystal oil is of doubtful significance, all subse-
guent data (unless specifically stated otherwise) are
presented on a mass basis; thus per cent and mass ratio
of propane to crystal oil will be used in referring to

composition.
FXPERIMENTAL RESULTS

The effect of temperature and pressure on crystal

0il C was first investigated, with the results shown in

Lo g € -F
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Pigure III, in which the viscosity 1s shown as a

function of pressure for temperature at 30° intervals

from 100° to 22@°F, inclusive. The effeet of tempera-

ture on viscasity; is/as usual, much grester for the i

lower temperatures. The effect of pressure is most
marked for 100°F, for which the viscosity at 3000
pounas.absolute is 144% of that at approximately O
pounds per square inch absolute. This'pereeﬂtage is
progressively less for each succeeding higher tempera~
ture, amounting to only 138%7 at 220°F. The ratio for
each temperature as a function of pressure is shown in
Figuﬁe IV. Entirely similar results to those shown ih
Figures III and IV were obtained for crystal oil B (4),
and for a kerosene, but nc means of correlation is sug-
gested by the data, except the possibility of an emyiri-
cal relationship based on specific gravity, molecular
welght, or some similar factor. However, the derivation
of such and empirical feormula would reguire far more data

than was obtained in the study of these substances.
UETHANE~-CRYSTAL OIL SYSTEM

As a result of the work done on crystal oll C, the
temperature of lQQOF was chosen as having the most con-
venient range of viscosity for the subsequent work on the

two and three component systems. The first of the two
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component systems studied was that of methane and crystal
0oil C; the experimental results of which are shown in
Figure V. The pressurewviscosity curve for pure crystal
oil is shown, as well as those for four compositions
ranging from 0.584 to 4.00 mass per cent methane and to
a maximum bubble point of 28290 pounds per -sguare inch.
The number of points in the two phase region was suf-
ficieﬁt to permit the drawing of the two-phase curve,.
wihich is of the same nature as the saturaﬁionﬁpressure,
viscosity curves previously reported by Sage and co-
workers (4)§ It should be noted that the curve is not
a true bubble point curve, since for‘pfeSSures muecnh below
bubble point the volume of the gas phase was an appre=
ciable fraction of the whole. The effeet of the relative
volume of gas space on the liquid viscosity is difficult
to estimate, for though some transference of the lighter
components Lo the gas phase takes place, particularly at
the higher pressures, the necessary information is lack-
ing wﬁich would permit a quantitative calculation. it
is the belief of the author that such a transference of
tﬁe lighter components to the gas phase would tend to
inerease the liquid viscosity. Critical examinstion of
the experimental results permits the conclusion that for
bubble point pressures up to 2500 pounds per square inch

and a gas volume of not more than 15% of the whole, such



Tigvre V

\ 2
uﬁ‘“m

nt |
er s |
120 > 00

MILLIPOISES

@
o

60

40

ABSOLUTE VISCOSITY

20

\
| |

500 1000 1500 2000 2560
PRESSURE POUNDS PER SQ. IN.

Viscosities 2t Brbble~Foint and in the con-
densed Region for the Methane Crystal 0il

System



ig
saturation-pressure, viscosity curves as 6btained with
this viscometer in the two phase region represent sub-
stantially the bubble-~point viscosity curves,

In the condensed region, it will be noted in
'Figure V, the pressure viscosity curve for the lowest \\
mass per cent methane 1s of similar shape as that for 2
pure crystal oll, showing & slight upward curvature ;ﬁ_
and indiéating as for crystal oil, an increasing pres- ﬁ
sure coefficient of viscosityl with pressure. For the
higher methane concentrations, the effect of pressure
en the absolute visccsity is less. However, the per
cent iunecrease is still large as may be seen from Figure
VIII, in which the ratio of visecosity for the condensed
region to that for bubble point is plotted as a function
of the pressure increment above bubble point. Examination
of the figure indicates, also, the much greater effect of
methaune at the lower concentrations. Further discussien
of the effect of concentration on viscosity is given in

a later section, in which an attempt is made to ecorrelate

the results of the experimental studies.
THE PROPANE-CRYSTAL OIL SYSTEM

The pfopane~crystal oil system was studied over

L Pressure coefficient of viscosity is defined as (dvq
dp/x
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the bubble point pressure range from 20 to 130 pounds per
square inch absolute, with a maximum concentration of
approximately 17 per cent propane. The bubble point
cufve for this system, as shown in Figure VI, indicates
a large change in viscosity with change in pressure; &s
might be expeeted from the large solubility of propane
in the oil at 100°F. The experimental points for the twe
phase regicn all lie on a single curve which represents,
within the limits of experimental aecuracy, the bubble
point viscosity. |

The effect of pressure on thevviscesity in the
single phase region 1s best shown in Figu%e Ix; in which
the ratio of the viscosiiy for a mixture in the condensed
regign to that at its bubble point is.platted against the
corresponding pressure increment above bubble point for
the concentrations 1, 5, and 15% propane. The curves
are in meny respeects similar to those for methane, ex-
cept that the effeect of propane is not as large as that
of methane, when compared on a mass per cent basis.

Further discussion is given irn a later section.
THE METHANE, PROPANE, CHYSTAL OIL SYSTEM

This system was studied for compositions up to
17% propane and 4% methane, with propane to crystal oil

ratios rénging from 0.018 te 0.2123. A graphical presenta-
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tioﬁ of the actual experimental résults for the two
ratios mentioned is given in Figure VII. As may be seen,
the flgure is in effeet a combination of the two types
represented in Figures V and VI for methane and propane
respectively. For the family of curves having a propane
to crystal oll ratio of 0.018, it will be seen that the
effecé of methane on the bubble point viscosity is still
guite large, and the condensed region curves appear
similar to those for methane-crystal oil alone, with the
obvious exception that the bubble point viscosity for
zero per cent methane is now the viscosity of the propane,
crystal oll mixture,

Increasing the welght ratio of propane to erystal
01l has the effect of shifting the initial viscosity down
the propane bubble-point curve. The effect on the vis~
<cosity of adding methane is much lesé at the higher pro-
pane concentrations, as will be noted from the small change
in viscosity (see Figure VII) upon addition of 4% methane
to a solution having the high’prepane to erystal oil
ratio of 0.213. The transference of some of the less
volatile components to the gas phase undoubtedly takes
place in the two phase region for the higher pressures,
but as is explained in the seetion covering the methane,
crystal oil system, the net effect on the viscosity is

negligible. In an effort to correlate the effect of
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composition on bubble-point viscosity, graphiecal
interpolation was used to obtain the family of curves
presented in Figure X, in which the effect on the bubble
'point viscosily of the ﬁass per cent methane in the solu-
tion is shown for even values of the propane to crystal
oil ratic. An examination of the figure shows that a
simple correlation of bubble point viscosity and mass
composition is improbable.

In thercondensed region, a similar correlation
is out of the question, as is evident from a cémparison
of Figures VIII and IX, which give the viscosity ratio
n/nbp for fixed compositions as a function of the pressure
increment above bubble point. A correlation would not be
expected, since the total pressures for these two cases
are widely different for the same value of pressure in-
crement. As shown in the upper curve of Figure IV, the
viscosity coefficient of pressure, (dn/dp), increases
with pressure for the erystal oil. Secondly, the effsct
of methane and propaue and the n/hbp ratio cannot be com-
pared satisfaetorily by a diagram simllar to Figure VIII,
since the pressure limitations of the viscometer pre-
cluded the necessary measurements on the methane, crystal

oll system.
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A POSSIBLE MEANS OF CORRELATION

Previous discussion and the figures presented
therewith have shown the difficulties of correlation of
viscosity as a function of mass composition. Therefore
a comparison on a molal composition basis was attempted.
The results are shown in Figures XI, XII, and XIII. In
Figure XI, the bubble point viscosity is plotted as a
function of the mol per cent crystal oil for\the methane,
crystal oll system. Viscosities at constant pressure in
the condensed region are shown for 1000 and 2500 pounds
per sguare inch. It is noted that the constant pressure
lines terminate on the bubble poiﬁt line at their
respective bubble point compositions.

In Figure VII & similar plot is shown for the pro-
pane, crystal oil system. At once the similarity of the
bubble~point viscosity curves for the two systems is
evident, although the constant pressure lines for the
condensed region in the case of propane do not intersect
the bubble point curve. It is seen, however, that the
bubble point viscosity of each two component system is
practically thé\same function of the mol per cent of

crystal oil C.l. This might be expected, since each

L This is not true for the systems methane, crystal
oil B, and propane, crystal oil B, as is shown by the work
of Sage (4), in whiech marked difference of molal effect on
viscosity is noted. However, erystal oil B is from a
western stock and is of high naphthenic content, and there-
fore is not a member of the paraffin series.
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component is a member of the paraffin series} and methané

and prépane in solution are reasonably similar in pro-
perties.

For the three component system, methane, propane,
crystal oil C, the bubble-point viscosity éurve was
drawn as shown in Figure XIII, based on the data for
all the systems stﬁdied. Each system is differentilated
by a particular notation and it msy be seen that all
the polints lie close to the single curve. OSoue random

]
scattering of points may be observed, attributable to >

errors in computation of molal composition on the basis E

of an average molecular welght for the erystal oil.
Therefore, the conclusion is drawn that the bubble-

point viscosity for this system ig a definite function of

the mol fraction of erysﬁal 0oil, irrespective of the pro-

portions of the other two components. However, the unigque

relationship of the components of this system must be

kept in mind in the extension of the foregoing conclusion

to systems other than those presented in this thesis.

That is, each of the componentis in the systems studied

is & member of the homologous paraffin series; two are

of low molecular weight, of high volatility, and in

solution have reasonably similar properties; the third

lThe erystal oil C is from Pennsylvanis crude,
highly refined, and therefore largely a pure paraffin
5 i
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is of_high molecular weight and low volatility.

Therefore, for complex hydrocarbon systems of the
same nature as those here reported it should be possible
to predict the bubble-point viscosity of the system with
fair accdracy with data obtained from the study of a
representative two component system, i.e., & viscosity
study for a system censtituted of the heavy component
and one light component. For example, it is possible
to prediet with reasonable accuracy the bubble-ggint
viscosity of the methane, prapaﬁe; efystal 0il system
from data obtained in the study of thes propane, crystal
0il system. Furthermore the bubble-point viscosity
curve for such & two component system may be determined
withoul great experimental difficulty, in an instrument
of the type herein deseribed.

Unfortunately, for the condensed region there is
ne satisfactory means of cdrrelatien of viscosity,
pressure, and composition. Although the experimental
work indicsated z modersate nercentage inecrease in vis-
cosity with pressure in the condensed region for the
experimentally covered pressure range, the widely vary-
ing volatilities of the lighter components greatly compli-
cate any attempt at correlation. (See Figures XI and XII).
The c&nclusion here is that more extended experimental
studies may develop some satisfactory empirical eorrela;

tion.
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PHASE EQUILIBRIUM DATA

Since the experimental procedure has already
providéd a certain amount of data on bubble-point
preésures for a limited composition raﬁge, it is of
interest to present this additional information in
the tentative disgram shown in Figure XIV. The curves

represent the bubble-~point pressure as a function of
.mass per cent methane for fixed mass ratios of propane
to crystal oil. Data for the methane, propane curve
were taken from previous work by Sage and co-workers (5).
It should be noted that in the region 0% to 5% methane,
for a fixed propane to crystal oil ratio the bubble-_
point pressure 1s proportional to the per cent methane,
indicating that Henry'!s law for methane is substantially
true for the compositions in the range studied. How-
ever, the addifion of propane to the methane crystal

¢il system markedly deecreases the bubble point pressure.
The change in Henry's law constant on addition of pro-
pane apparently is not proportional to either mass or
mol per cent. I in the future a more extended study

of this system is made, these tentative conclusions

can be checked.
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VISCOSITY OF CRYSTAL OIL €

Pregzz;e. Absolute Viscosity, Millinoises
Ib./8q. 1n. 100°F, 130°F, 160°F. 190°F, 220°F.
0 103,0 62.5 4.9 28,2 21,6
500 109.1 66.1 43,2 29.9 22.8
1000 115.8 69.8 45.7 31.5 24.0
1500 123,5 73,8 48.2 83.1 26,2
2000 131.6 7.7 50,6 34,7 26.3
2500 139.9 81.8 £3.2 36.4 27,5
3000 148.4 85.9 55,6 38,0 28.6

3800 156.1 80.2 £8.0 %9.6 29.8

» Internpolated values.



i

39

¥1SCOSITY FOR THE HETHANE FROPAN® CRYSTAL OIL SYSTEM a

100°F.

Compositions™ as Tollows

CoBg /€0 0.0 0.0 0.0 0.0 0.0 0,018
o, 4 0.0 0,88 1.22 2,42 4,00 0.0
By # 0.0 0,0 0.0 ° 0.0 0.0 1.79
co® ¢ 100.0  99.4 98.8  97.6 96.0 98,2
Eubble-f‘t. o

Fressure - 276, 5. 1374, 2290, 34,

 Abs.

Fressure, . Absolute Viscosity, Hillipoises’

Lb./Sq. In, ‘ )

Embble-bt. 105.0  85.3  62.5 6.1 2.5 9.5
500 108.1 87,7 - - - 835
1000 115.8  93.2  63.9 - -  88.3
1560 123.5 98.9 67.5  46.7 -  om.5
2000 131.5 104,9 71.4 49,3 - 98.9
2500 129.9 110.9 75.5 B2.1  33.6 104.5
3000 148.4 117.1 7.6 551  36.1 109.9
2500 167.0 123.4 83,9 58,1 38,6 115.5

Compositions are caleulated on & mass percent basis,

€0 is the abbreviation for crystai oil © .



VISCOSITY FOR THE VETHANE PROPANE CRYSTAL OIL SYSTEM

CHg ¥
o

c® 4

100°F.

Compositions as Follows
0.0183 0.0183 ©.0182 0.0430 0,0430 0.0430
0.81 1.88 2.76 0.0 0,45 1.23

1.%8 1.76 1.74 4.12 4.10 4.07

Bubble=Ft,
Pregeure

9%7.4  96.7 95,6 95,9 95,5  94.7

414, 796. 146D, 54, o4, 601.

Abs.
Presgure,
Ib, /5q. In,

Absolute Viscosity, Millipoises

Bubble-Ft.
800
1000
1500
2000
2500
3000

3800

'62.4 B0.6 36.8 58.2 Bl.1  41.9

63.G o b 60-‘9 5204 -

66.7 51.8 - 4.9 - BB.3 43.8

70.6 54.9 36.9 - 68.T £8.4 45.3

88.%7 &67.7 44,9 84,1 71.3 56.7



4y

VISCOSITY FOR THR HETHANE PROPAYE CRYSTAL OIL SYSTEM

100°F,

Compositions 2= Follows

C,8,/C0 0.0430 0,049 0.0807 0.0697 0.0697 0.1012

B, ¢ 2.56 0.0 0.0 0.40 1.08 0.0

e, % 4,02  4.72 6.52  6.4% 6,45 9,19

e % 93.4 95,3  93.56  93.1 92.8 80.8

Bubble-Ft. |

Pregssuvre 1lse4. 8l. 74, any. 424, 84,
Abs. |

Pressure, Absolute Viscosity, Hillipoises

Lbs, [5q. In.

Bubble-Ft.  BL.6  86.3  4B.3  40.1  37.2  33.8
500 - 57,7 47,4 4l.2 2.6  35.2
1000 - 80.7 BO.L - .43.9 40.6 303
1500 32,8 5.6 52,8 46.8 43,5  39.4
2000 3.3 @7.0 O05.5 49,7 46.5  41.4
8800 35.0 70.3  B8.3 52,7 49.6 - 43.4
3000 37,7 73.6 61,1 659 B2.7 45.F

3800 29.4 76.8 64.0

3
L ]
8
&
»
o

47.8
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VISCOBITY FOR THE METHANE PROFANE CRISTAL OIL STSTEM

G g/ e
cE, %
ol #
o . ¢

100%»,

Compositions as Follows

0.1073 0.1073 0.2127 0.2127 0.2127 0.2127
0.0 0.4 0.0 0.85 2,13 3.93
9.69 9.65 17.5¢ 17.39 17.17 16.85

Bubble-Pt,
Fressure

90,3 89.9 82.5 81.8 80.7 7.2

104, 244, 132. 40é, 824, 1400,

ﬁﬁs .
Pressure,
Ibs./Sq. In,

Absolute Viscosity, Millipoises

Bubble-Pt.

500
1000
1500
2000
2500
3000
3500

3.9 28.8  16.2  14.4 12.1 0.6
3.1 206 16.8 14,5 . -

32.% #®.2 17.6 152 12.4 -

24,4 32,7 18,3 15.8 12.9 9.7
3.0 4.3 19.1 16.4 13.5 10.2
7.6 326.0 19.8 17,0 13.9 10.7
%9.3 37,7 20,6 17.6 14.4 11.1
4.0 39.4 2.3 18,2 158  11.8
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