170 / Handbook of Natural Gas Engineering

Gas gravity (Air =1)

0.016 o5 1o ., 15 2.0 L 2:5 . ., .30 .35
' \ et T T m
0.015 NN 00015 ] \O  ooo1s
= \\ s - q,(-/ : -
uf NN B oo | e s F
0.014 - % \§ 3 > 0.0010- Aﬁ T < 00010
- B O | o2 -
= N N 2z = 82
0.013 ~ S $0.0005 S & 00005 ——i
- \\\\ o.2 — o2 /6_6
- 5 - 5 67
2 0012 ,%\ \\§§\\ U ol © o Illllll'l
£ 00t \\ NN SN 0 5 10 15 0 5 10 _ 1
% - = ‘\\\ k\\\%%\%\\ "OQ%I\MOIE per cent N, Mole per cent CO,
. _ N 3 —_—
AEINNSSSSSSSe=—NN
£ 0010 ~ 04
L \\\QQ\QQQ\§§§§§§\
zY — \Q?OO%\\\Q\\
§ - \Q\\\\\\\\\\\si
2 000 ooois— 28 EQQQEQQE:EEQE
[ :; R - ~Ope e N
- 34 - \\i&iiiik\\i
0.007 g ©0.0010|= 5 Q\\\\\
0.006 — 8 § 0.0005]= 6 10 \EEQ\\EE
. - geY S a—— . ——
SIS 14’/1% R ——
0005 F— il 11
- 5 10 15
- Mole per cent H,S
oooatriyl v v Dy by g b e o g Do o g [y bpon o g g
10 20 30 40 50 70 80 90 100

Fig. 4-98. Viscosity of gases at 1 atm pressure.

carbons is to increase the viscosity of the hydrocarbon
mixture.

Viscosity of Gases under Pressure

The references for viscosities of gases under pressure
are given in Table 4-23. The work of Comings, May-
land, and Egly (4-107,4-108) and of Carr (4-104,4-105a)
shows that the rolling-ball viscosimeter may give vis-
cosities as much as 30 per cent too high. The avail-
able data have been correlated, with preference for the
data taken on the Rankine viscosimeter (4-124), to
give the viscosity of methane (Fig. 4-99) and of pro-
pane (Fig. 4-100). Figure 4-101 gives the data of
Comings, Mayland, and Egly for ethylene (4-108).

As early as 1894, Onnes and deHaas (4-120, 4-121)
recognized that the viscosities of homologues under
corresponding states could be correlated. The theo-
rem of corresponding states has been further devel-
oped and applied to nonpolar gases by several authors
(4-130, 4-108, 4-106, 4-100, 4-107, 4-137). Only one
of these correlations will be presented here.

Figures 4-102 and 4-103 present the gas-viscosity
correlation of Carr (4-104, 4-105) based on the original
correlation of Comings, Mayland, and Egly (4-108)
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for pure, nonpolar gases. Carr et al. extended the cor-
relation of Comings et al. to higher pressures and to
complex mixtures of nonpolar gases (4-104, 4-105,
4-1058). The ratio u/u; of the viscosity at high pres-
sure to the viscosity at 1 atm is shown as a function of
the reduced pressure P and of the reduced tempera-
ture Tz.

Here T = temperature, absolute scale

critical temperature, absolute scale
pressure, absolute scale
critical pressure, absolute scale

p = viscosity of gas at reduced temperature
Tr and reduced pressure Pp
p1 = viscosity of gas at temperature Tz and
atmospheric pressure
When mixtures are involved, the pseudoecritical pres-
sures and temperatures of typical natural gases may
be estimated from gas gravity alone from Fig. 4-22,
which is based on typical natural gases.

The correlation of Uyehara and Watson (4-137) re-
lates the reduced viscosity up = u/u. by graphical
means, using the reduced pressure and reduced tem-
perature as variables. A method is provided for
predicting the critical viscosity u. for pure components,
and a combination rule for mixtures is suggested.
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