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Fitting expression of relationship between gas viscosity, and
temperature and/or pressure
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Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming, Yunnan 650500, China)

Abstract; Gas viscosity is an important parameter for the performance of gas lubrication mechanism
such as dry gas seal. The gas viscosity is related to temperature and pressure under the condition of
high pressure, but there are few researches about the detailed relations between viscosity, temperature
and pressure. Nitrogen (N, ) is taken as the study object, and the viscosity — temperature fitting ex-
pression and the viscosity — pressure fitting expression, the viscosity — temperature — pressure fitting ex-
pression have been obtained based on the AP1700 material physical platform using the least square
method by a mathematic software. The calculated results by the fitting expressions have enough accura-
cy compared with the viscosity values offered by the National Institute of Standards and Technology
(NIST) Chemistry WebBooks, China National Standard Heat Exchangers (GB/T 151 —2014) , calcu-
lated values in BOOSER's publication Tribology Data Handbook and calculated values by the Lucas e-
quation. The results show that the fitting expressions can be used to express the changing laws of gas
viscosity with temperature and pressure and to calculate the viscosity concerning the temperature and/

or the pressure.
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Tab.1 Nitrogen viscosity from AP1700 and NIST, and their errors

N 4.0 MPa 12.0 MPa 20.0 MPa
v AP1700 FJjiE NIST i fi2E An AP1700 FJE NIST i i 2 An AP1700 )i NIST % i 2 An
10 1.78 1.779 1. 887 2.00 2.004 ~2.781 2.30 2.300 1.459
50 1.95 1.950 2.457 2.13 2.127 1.921 2.36 2.356 -3.146
100 2.16 2.156 2.454 2.29 2.294 4.305 2.47 2.472 3.274
150 2.35 2.352 -0.026 2.46 2.464 —4.407 2.61 2. 609 3.518
180 2.47 2.465 3.098 2.57 2.566 -1.811 2.70 2.695 0. 439
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Tab.2 Coefficients of viscosity — temperature fitting
expression of nitrogen

Y4 0.1 MPa 4.0 MPa 12.0 MPa 20.0 MPa

LA ENEmMERMHE. F—E AT, ES5E a 1.660x1075  1.730x107°  1.97x10°3 2.290 x 10 =3
N N . ay  4.820x107%  4.380x10°%  2.68x10"8 2.930 x10 °
BEIIC R R B A SO 5 AR S LN T 100 °C ay -3.655x107" —1.732x10°""  8.15x10°" 2,290 x10 10
I}, 26 5 R I A 38 R v /)N, 2 B0 H 2R LR AR 1Y ay  3.620x1074 —1.769 x10 - -4.00x10"13  —-1.002 x10~12
as -1.700x10°7  5.920x10-17  7.25x10°10  1.790 x 1013
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Fig.2  Viscosity — pressure curves of nitrogen under
different temperatures
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Tab.3 Coefficients of viscosity — pressure fitting expression of nitrogen

S8 0C 27 C 50 C 120 C 200 °C 300 °C
by 1. 660 x 10 =3 1.780 x10 -3 1.890 x 10 -3 2.190 x10 -3 2.500 x10 -3 2.860 x10 =3
by 1.270 x10 7 1.200 x 10 7 1.060 x10 =7 8.670 x 10 8 7.040 x 10 ~8 5.160 x 10 ~#
b 1.490 x 10 -8 1.070 x 10 -8 9.680 x 10 ~8 5.000 x 10 ~° 3.390 x 10 -? 2.990 x 10 ~?
by -3.575x10 10 -2.187 x10 10 -2.100 x10 - 10 -9.845 x10 -1 -3.314 x10 11 -6.375x10 -1
bs 4.500 x 10~ 12 2.220 x10 ~'2 2.450 x10 ~12 6.540 x10 - 13 —2.411 x10-13 9.000 x10 ~13
be —2.411x10 -1 —-9.000 x10 -!5 —1.066 x 10 14 1.680 x10 -7 4.660 x10 ~15 —5.842 x10 ~ 15
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Fig.3  Viscosity — temperature — pressure surface of

nitrogen at 0 —300 °C based on AP1700
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nitrogen at — 150 -0 °C based on AP1700
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Tab.4 ¢ coefficients of viscosity — temperature — pressure
fitting expression of nitrogen

R i EYi4 i FRE i

c 1. 660 x 10 =3 g 9.659 x10 12 || ¢5 1.262 x 10~ 12
12 4.691 x 10 -8 cg  —5.121x1071 || ¢¢ -2.303 %1018
3 1.656 x 10 -7 clo -1.883x10710 || ¢ 4.086 x10-17

¢y 4.983x10712 || ¢y 1.640x10°15 || ¢35 -8.316 x10 "7
¢s —1.453 %1070 || e =3.227x10° || ¢19 —5.593x10 16
c6 1.088 1078 || c;3  9.812x107 4 || ¢ -4.244x10"15
7 =3.774x10°83 || ey 7.385x10°3 || 21 -1.613x10°1°
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Tab.5 d coefficients of viscosity — temperciture — pressure
fitting expression of nitrogen
ES e ES 8 ES 4 fH
d; 1.634 x10 =3 dg  3.952x10°! || dis  2.293x10-1
d, 2.200 x10 -8 dy  -1.171x107° dig -2.941 x10 10

dy 2.820x10°7 || dip -7.525x10-10 || d;7  2.224x10-15
dy  -5.770x10710 || dy; -8.679x10-1 || dig  1.807 x10-1
ds 1.212x10°8 || dip -6.052x10-13 || dig  4.454x10-14

dg 1.005x10-8 || di3 -2.077x10712 || dyy -2.237x10-13
d; —8.605x10712 || dig 2,911 x10-1 || dyy -2.190 x10~13
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Sutherland equation
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