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Numerical analysis on effect of real gas on spiral
groove dry gas seal performance

Song Pengyun, Chan Wen, Mao Wenyuan, Jiao Feng
(Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming, Yunnan 650500, China)

Abstract; The sealed gas is generally considered as an ideal-gas when the dry gas seal is investigated
and designed. However, some gases performance may be quite different from the ideal-gas at a high
pressure. Some familiar gases, such as air, carbon dioxide (CO,), hydrogen (H,) and nitrogen
(N,) were studied. To the widely used spiral groove dry gas seal, the three-dimensional numerical
simulations were performed by using a CFD software. The effect of real gas on the performance of the
spiral groove dry gas seal, such as the opening force and the leakage, had been investigated, and the
fact that the gas film temperature varies along the seal face when the gas flows through the seal faces
was considered at the same time. The results show that in the range of pressure no more than 4.6
MPa, the sealing performance of air and N, real gas is basically the same as that of ideal-gas. The
opening force and the leakage of CO, real gas in spiral groove dry gas seal are greater than those of ide-
al-gas, while the opening force and the leakage of H, real gas are slightly less than those of ideal-gas.
The real gas behaviour has obvious effects on the leakage of the dry gas seal, but little effects on the
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Fig. 1 Geometric model of spiral groove dry gas seal
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Tab.1 Effect of air real gas on opening force and leakage

F/kN

St/(10’4kg's’1)

WF5E Tk t/pm E\/% Ey/%
AT BRI A BRI
2.03 37.316 1 37.307 7 1.290 983 1.281 720 0.02 0.72
HE R 3.05 32.371 4 32.369 9 3.634 420 3.639 813 0.00 -0.15
5.08 29.718 5 29.690 5 17.311 073 17. 672 694 0.09 -2.05
2.03 37.422'5 37.4370 2.346 389 2.359 079 -0.04 -0.54
fedir o 3.05 31.969 6 31.981 3 5.148 026 5.171 425 -0.04 -0.45
5.08 29.349 4 29. 360 2 18. 535 615 18. 612 807 -0.04 -0.41
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Tab.2 Effect of CO, real gas on opening force and leakage
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B ERREN PR LI ERREN BHTRaRIN
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Tab.3 Effect of H, real gas on opening force and leakage

F/kN

S/(107% kg - s~ 1)

W t/pm E\/% Ey/%
A FeBR A A FeBR A
2.03 32.655 5 32.610 4 0.278 179 0.272 508 0.14 2.08
HefErE 3.05 30.594 8 30.555 3 0.725 115 0.711 101 0.13 1.97
5.08 29.181 1 29.144 7 2.935 879 2.876 464 0.12 2.07
2.03 33.491 8 33.440 5 0.251 653 0.246 474 0.15 2.10
fEpT it 3.05 30.555 6 30.508 5 0. 656 737 0. 644 398 0.15 1.91
5.08 29.032 4 28.986 1 2.607 420 2.560 479 0.16 1.83
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Tab.4 Effect of N, real gas on opening force and leakage

F/kN S,/(107% kg - s~ 1)
Wik 1/ pm E\/% Ey/%
FES K SRR FES K SLFRAAE
2.03 37.137 1 37.121 8 1. 255 465 1.244 151 0. 04 0.91
X 3.05 32.305 6 32.297 3 3.621 135 3.623 335 0.03 —0.06
5.08 29.700 6 29. 666 1 17. 576 958 17.902 451 0.12 -1.82
2.03 37.164 9 37.168 0 2.307 685 2.310 389 -0.01 -0.12
fERT 3.05 31.876 7 31.879 2 5.115 356 5.120 419 -0.01 -0.10
5.08 29.328 6 29.3310 18.532 175 18. 549 126 -0.01 -0.09
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