The Review of Physical Chemistry of Japan Vol. 24 No. 2 (1954)

THE VISCOSITY OF FREONS UNDER PRESSURE

By Tapasut Makira*

.

In the previous papers, a rolling-ball viscometer for compressed gases was describad
in detail, and the viscosity of carbon dioxide, ammonia, acethylene, argon and oxygen
was measured under pressures up to 100kg/cm? at 50° intervals from 50° to 300°C!-2),
Although the viscosity of freons at the atmospheric pressure has besn known®4, there
is no report on the effect of pressure upon the viscosity of freons. Therefore, the
viscosity of three freons is measured at the following conditions in which the available
data of the density exist#®:

dichlorodifluoro-methane (freon-12), 25°~200°C, 1.03~16kg/cm®;
chlorodifluoro-methane  (freon-22), 25°~200°C, 1.03~19kg/cm®;
dichlorofluoro-methane (freon-21), 25°~150°C, 1.03~ 7 kg/cm?®.

Experimentals

The apparatus used in this measurement is, as previously described in detail,
the rolling-ball viscometer which was calibrated by carbon dioxide.

Freons used in the present investigation are the commercials*¥, purified by redi-
stillation and ¢hecked on their vapour pressures.

Results and Considerations

The results of the present measufement are shown in Table 1, where the known
values34) at the atmospheric pressure are also tabulated and found to coincide with
the present values within 1%. The viscosity isotherms against pressure are plotted
in Fig. 1, where it is found that the pressure coefficient of viscosity at constant
temperature, (0%/6P)r, has the positive sign over all the rezion of temperature and
pressure, and becomes smaller with increasing temperature. Therefore, the tempera-
ture coefficient of viscosity at constant pressurs, (63/67)s, is positive in sign at low
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Fig. 1 Viscosity isotherms against pressure.

pressure and becomes smaller with increasing pressure, and its sign converts from
positive to negative near the liquefying point, as observed in the case of freon-22 in
Fig. 1, where the isotherm of 25°C crosses over the isotherin of 50°C at the pressure
near 6kg/cm®. Althotigh such crossinig is not observed in the ¢ase of freon-12 ot ~21,
it seems that the crossing between isotheriiis will occur at a higher pressure than that
in this measurement.

Table 1 The viscosity of the vapour of freons

Teinp. Freofi-12 Freon-22 Freon-21
C) P p 7 v P 0 7 v P 7 ) b
1.03 5.240 125.1° L03 3600 12949 . 1.03 3.811 11449
125.69 1293 3592 1143 2999
25° 1252 23.89 35 1275 1355 1063

38 1940 1311 6738 | 6.1 23.00 1461 6352
55 2909 1300 4778 | 9.0 3614 1593 4408

1.03 4.820 131.89 103 3312 13747 1.03 3509 12139
132.29 1363 41.15 1227 3497
50° 130.1 26.99 55 1871 1450 7750 | L79 6.9 1253 18.03

55 2620 1404 5.359 95 3412 1545 4528 | 36 1448 1322 9.130
11.3 6080 157.1 2584 | 160 6454 1710 2.650

103 4.145 144.69 103 2.857 15449 103 3.025 134.99
14479 1538 5385 | 1350 44,63
100° 1438 3469 | 48 1377 1576 1145 | 35 1190 1399 1.7

58 2320 1480 6.380 95 2819 1623 5757 | 64 2262 1463 6.468
104 4330 1576 3.640 | 141 4357 1708 3.922
164 73.80 172.8 2341 | 187 6007 1818 3.026
103 3.635 1572 4325 103 2519 1697 67.37 1.03 2658 1486 5591
59 2015 1635 8.114 52 1362 1723 13.23 38 1113 1512 1358
150° 9.7 3390 1661 4.930 93 2373 1760 7417 | 64 1931 1564 8.099

138 4980 1744 3495 | 143 3740 1808 4.834

0;

19.0 5035 1880 3.734

1.03 3260 1723 52.85 1.03 2275 185.1 8LE&

59 1780 1762 9.899 55 1220 1883 1543
200° 10.3 3150 79.4 569 | 95 2134 1910 8.955
150 47,00 1853 3943 | 143 35262 1950 5.978
194 44,62 201.5. 4516

P : Absolute pressure, kg/cm?, ¢ : Density, g/1,
% : Viscosity coefficient, micro-poisz, . : Kinematic viscosity, 10-3cm?/sec,
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The kinematic viscosity against pressure, which is tabulated in the last columns
of Table 1, decreases rapidly at low pressure and moderately at high pressure. The
present measurement shows an intermediate state, in which the kinematic viscosity

ecomes smaller with increasing pressure and converges to the liquid state®.

Disuissica

At the atmospheric pressure On the effect of temperature upon the viscosity
at low pressure, Hirschfelder, Bird and Spotz® have published the tables of collision
integrals based on the refined kinetic theory of Chapman and Cowling?, which permits
accurate calculation of viscosity for nonpolar smooth spherical molecules, and
Bromley and Wilke® have presented a convenient form for practical use. When the
present values of freons are compared with the theory, the considerable difference
is found as follows: 3.8~16.12s higher for freon-12, 3.9~7.52% higher for freon-22 and
4,2~14.1% higher for freon-21. Such discrepancy seems to b2 obtained in the cause
that freons do not fulfil the basic assumptions of the theory completely, as carbon
tetrachloride or methylchloride®.

The present results of _freons are examined by Reinganum’s equation® :

r.p
»=ATTe’7, . 6]
where y is viscosity coefficient in micro-poise, T is absolute temperature and A and
D are characteristic constants. [t is found that Eq. 1 fulfils the viscosity of freons

over all the temperature range. A and D are determined by the experimental results
and the following equations are obtained:

1 _1604
Freon-12, 5=9423T%e™ 7 ;

1 27,50
Freon-22, 7=11.16T7e"7F ; )]

P R (Y.
Freon-21, %=8.892T%e 7.
These equations are reproducible over all the temparature range within the error of 225.

Under pressure General correlations for the effect of pressure and tempsrature
on the viscosity of gas=s based on tne principle of corresponding state have bzen
published as follows:

Comings and Egly1®, ol =F(Pr, T
Uyehara and Watson!D, yolre =f(Pr, Tr);
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Grundberg and Nissan!?,  yp/vi=f(pr. T5):

where %,, 7p and . are the viscosities at the atmospheric pressure, at high. pressure
and at the critical point. and P, 7> and p: are the reduced pressure, temperature and
density, respectively. When the correlation of Comings and Egly is compared with
the present results of freons, good coincidencs is not found and the maximum devia-
tion reaches to 402 at the regions of low reduced temperature. Other correlations
cannot be examined because of the lack of 7. for Uyehara and Watson’s equation,
and of the narrow range of p. for Grundbergz and Nissan's.

Based on the additive property for the physical constants of organic compounds,
Smith and Brown!® have published the following correlation for a homologous series:

yVM=F(Pr, T,

where M is molecular weight. But, in the case of three freons, the isotherms of T-
in the diagram of »/v/ M versus P, deviate considerably each other, that is, the iso-
therm of freon-22 deviates +16.8~25.025 from the isotherm of freom-12 at the same
reduced tamperature, and that of freon-21 deviatas +14.4~18.425 from that of freon-12.
Othmer and Josefowitz!4) have found a straight relation which is shown by the
following equation:
logyp=Klogp+ C, (3)
where 3 is the viscosity of gas or vapour in micro-poise, p is the vapour pressure of
a liquid in kg/cm?® and K and C are constants. Then, the viscosity of freons is plotted
as isobars on the log-log diagrams against the vapour pressure of their liquids at the
measured temperatures, and the slope K and the section C of the straight lines obtained
Reduced pressure are determined as shown in
0.1 0.2 0.3 Fig. 2, where the slope K
) ' i ' 122 (full line) is a characteristic
] function of the measured
. pressure and the section C
(dotted line) is the general
function of reduced pres-

< 005 i

e
-

Slope,
Section, C

sure. As to three freons,
- if one reads K and C at the
desired pressure from Fig.

ot 1 $ 10 {(Freon-12!

- - 15 Treonm 18 2 and knows the vapour
1 5 (Freon2D) - ce 1o s

Pressure, kg/cm? pressure of its liquid at the

Fig. 2 Slope and section of Eq. (3) as function of pressure. desired temperature, the

The full lines show the slope on the left axis and the

dotted line shows the section on the right axis.

“viscosity of the vapour
can be calculated by Eq. (3)

"~ 12) L. Grundberg and A. H. Nissan, Ind. Eng. Chem., 42, 885 (1950)
13) A. S. Smith and G. G.Brown, ibid., 35, 705 (1943)
14) D, F. Othmer and S, Josefowitz, ibid., 38; 111 (1946)
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within the deviation of 52%.

A correlation of viscosity under pressure The viscosity of gases increases with
increasing pressure at a constant temperature and the ratio yp/%, at low temperature
is larger than at high temperature, that is, [(yy/7.)/0T ;<<0. Also the density of
gases increases with increasing pressure at a constant temperature and the ratio of
the density at high pressure, p,, to the density at atmospheric pressure, p,, is larger
at low temperature than at high tamperature, that is, {8(0p/0,)/0T 1 <0. When yp/y,
and pp/p, are plottad as isobars against temperature, it is found that the yp/%, curve
is parallel to the p,/p, curve for many gases described bzlow, and that (yp/5,)/(0p/01)
is independent on the temperature over a wide region of the temperature and pres-
sure. When y, and vy, are kinematic viscosities at the ordinary pressure and at high
pressure, respectively, the ratio is as follows:

@p_/_‘iﬁ _(low) _ v @)

(ool ) (plp) v
That is, the kinematic viscosity ratio, /v, does not depend on the temperature.

Table 2 Gases used for the correlation

A | B
Gas Temperature range | Literature Gas Temperature range | Literature
He 21°C (15) —20~+40°C (22)
A 50~300° (2) CO, @ (3)
20° (15) 40° (23)
o —100~+400° (16) 50=-300° (2
Ha 21° s | NH, 50~300° ( 2)
N 25~75° (17) C.H: 20~250° (2
INa °
- s s a0° (23)
0: 25~-200° (2 | 24° (24)
N 50~150° @18) C:H, 15~200° (13)
ir R
A (15) C.H 15~200° (13)
Ne+H, 50~100° {19) a8 25-225° (21)
73~160° (20) Freon-12 25~200° This paper
CH, 25~225° 1) Freon-22 25~200° This paper
| Freon-21 50~150° This paper
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The kinematic viscosity ratios of 17 gases listed in Table 2 are plotted against
pressure up to 120 atm., as shown partly in Fig. 3, in which the ordinate of vplv, is
the logarithmic scale to indicate the small values of v,/y, in detail. In this figure,
the full line represents the
curves of eight gases listed
in “A” column of Table
2 over all the temperature
ranges within the deviation
of 52, and, on the other
hand, in the case of 1ine
gases listed in “B” column,

1.00

“

.10

- Freen-21 (1007Y theisotherms at low tempera-
ture ranges decrease more
rapidly with increasing pres-

Kinematic viscosity ratio, ¥,/v1

03 )
i N\ C:H, (200°) Pz sure, as shown by the dot-

I ] \\\\\ C0.(50" ted lines in Fig. 3. The de-

oz CHe (207 ‘\Q§\ viation of the laiter gases

AN O

SN from the full line described

01 co, @) \\\\t\‘,\ above is examined and the
F C.Hs (100° ,r‘-\ TR result is given in reduced
_00531: N R N B T N T form on Fig. 4, in which the
1 20 40 60 80 100 120 region where the deviation

Pressure, atm

. . e . : is withi % is designated
Fig. 3 The kinematic viscosity ratio versus pressure diagram. s within 10% is £

as “available” and the region

where it exceeds 10% is designated as “unavailable”.
The fact described above will be applicable
! as a method to predict the viscosity of gases
at the desired pressure and temperature, That

20

=
tn
1

js, when one reads the value of y,/y, at a de-

sired pressure from the full line in Fig. 3 and

unavailable region
& knows the values of gp/p, and 7, at the desired

temperature, the viscosity, %p, can bz calculatad

Reduced pressure
-
=
T

by means of Eq. (4).

051 available regiou This method is convenient for practical
use with a view that the correlation is given
0I A . 4 by only one curve without the knowledge of

0 0.5 10 15 2.0
Reduced temperature
Fig, 4 The available region of the full
line in Fig. 3 for the gases
listed in “B" column of Table 2, The author has greatly pleasure in

the critical values, differing from other me-
thods19-13),
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