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Analysis on inertia effect of carbon dioxide dry gas seal at high speed and
pressure under laminar condition

XU Hengjie'?, SONG Pengyun'?, MAO Wenyuan?, DENG Qiangguo?, SUN Xuejian?
("Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, Yunnan,
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Abstract: The real gas property of carbon dioxide was expressed by third term virial equation, both the choked flow
effect and the variation of gas viscosity were taken into account, the influence of inertia effect on the steady
characteristics of pumping-inward and pumping-outward spiral groove dry gas seal (S-DGS) under laminar
condition have been numerically investigated by referencing the theory of gas thrust bearing which considering
inertia effect. Compared with the assumptions of ideal gas and inertialess, the results show that inertia effect induce
a stronger influence on carbon dioxide real gas S-DGS. Inertia effect reduced leakage rate and opening force of
pumping-inward S-DGS but the opposite was obtained for pumping-outward S-DGS. Taken pumping-inward S-
DGS as example, the influence of inertia effect on the steady characteristics of carbon dioxide S-DGS (i.e. leakage
rate and opening force ) gradually enhanced with the increase of sealed gas pressure and rotational speed, while it
being weaken with increased gas film thickness. The relative deviations of leakage rate and opening force caused
by the inertia effect are 62.21% and 35.03% when sealed gas pressure is 10 MPa, gas film thickness is 3um and

rotational speed is 20000 r-min~', and the critical entrance pressure which causes a choked flow at exit is improved.
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In addition, the closer the temperature of carbon dioxide is to its critical temperature, the more obvious the inertial

effect is.
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Fig.1 Schematic diagram of spiral groove dry gas seal
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Table 1 Influence of inertia effect on F, changing with ho
ho/pm Erca /% Eigeal/%
2 —14.945 —6.458
4 —-11.630 -5.476
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Table 2 Critical sealed pressure for Fo-hoinflexion
F, /N
ho/um Case | Case Il Caselll CaselV
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7 18928.5 21298.5 20179.9 21766.7
8 18855.8 21206.5 20101.3 21672.6
9 18824.6 21167.1 20067.5 21630.6
10 18825.9 21169.7 20069.6 21631.1




510

www.hgxb.com.cn

° 4319 -

TN o). — MM S, 7E2mE 5 HERL
RIFTHTEE T, eIl 3G R 2 g el T % B
BRI, B Ik R R, B
9(c) G5k T T R A U B R R X —
o AR RN, NGB IR A% H
TE A JIAE— 5 B e el o A ol )35 KT sy, X
JE DR A Tt 3 P T e s M MR A () 286/ E . Bl
RN FIFAR BTS2 AR I 77, g m, A& A
B SRR 52 A PR 38K, BELAS SR I 3 2
MG, CEAHFSEEBRAIATR N, BRAEE
F) BRI S AR B, R IR A (3R E R R
B, 4525 35 A) B P9 B 30 R AR ek 5, B R IA
DNREAR R B, R B, RN TR 7. 4
TR L BR SR, 2008 1750 rrmin”!
ISP SN A A T JE 0 I B A g 3, i e 3
RSB, TR 8 77 I 5% R L A 4000
rmin~! 4.

CEERE, BUERNAT RN SR ehl <
TEIE 215y BIBEA R F7 BEE 3 nmisg oK, BAS
JEJE P 3 KT i), AR AE R ZE B, TP )
W G B TR 38 I s/ S B . A BT A
W, SRR O R A L, B RN K SE R
SAFENRIBIERE TR TR s fe & ik
A[1A-35.03%.

WAL A& M s 59 3h 7 [ AH & 848 1 77 BRLAS
PRI B, 15 RN 7 ) — SR e A
sl

5 25RE X 2R N 2R T 1 R IR 2R 1)
SN 10 fras . o B Y, SEBR A o8 A A
X 2R AR, X T AR AR S RS A
UL AT 20 N R e =% 110 i s 23 4 o),
T A6 4 770 2 N ML 25 38 1 vk s %6 ke 2] FELAS AR
o BRI, SERRSAATCAR P RS 2 3R B A K 1)
MF .

K] 10(b) ik 7 AN AR JE R B o0k ks 26 1) 52
W, FTLAEHY, BEREERRE N, WIRRE. S2hr
AARTCIR AT (3G I N B R o RV AR AL
THELGE S5 O AR 20 2 TR 2 [ (9% i s e 222 1 o o
JEIE IR 0, R E AR ZE R E R
(16 RADIHE) FMEIF S5 MR, WE 3 Fis,
B8 e 250 I e i 2 1) s e I P 388 KT 9 /)
PEAR IR G SRR, 2 AR DR Ay /)N [ R
vt TSR s, BRI SR AT S
TR, BHAFR BN R 5 B

XU SRS 5, 76 BSR4+
fih B A S HUE R I RTER T, bR e 23 B il 3 K

®3 RN HRERAREESEEEL L

Table 3 Influence of inertia effect on Q changing with ho

4.4 5'|ﬂ'5jf=lﬁ$ ho/pm Erea 1% Eigeal %
HER R et e, SO T Rk 2 31373 1220
St o v o2 s | A e ok N L 2 4 ~23.668 ~10.835
O3 T 25 R 1 90 R 2 : B o
RSB, B BN B K (R A ‘ Coois 08
PR IR EEAMEE Fy e s B A A AR v s 10 -17.887 -8.623
4F .
—=— real gas, inertia 80 —=—real gas, inertia
—e— real gas, inertialess ——real gas, inertialess 41
- - - ideal gas, inertia 701 - o - ideal gas, inertia
= 3r- - ideal gas, inertialess =0 T - ideal gas, inertialess =
» ©  [p=10 MPa,N=10380 8 remiri’" w3
oy =3 um, N=10380.8 r-mir"' 2 50L 21
3 S 3 3
E 2t g | z
o s © P,=10 MPa, hy=3 pm
3 37 3 o
] = = —=—rcal gas, incrtia
- 201 1 - —e—real gas, inertialess
10 - - -ideal gas, inertia
I - -v- - ideal gas, inertialess
0 | L | L 1 | | | 1 | |
07 234567809 10 02 3 4 5 6 7 8 910 O 246 810121416 13 2

sealed gas pressure/MPa
(a)

gas [ilm thickness/ um

rotation speed X 10 */(r-min "}

()

B10 M 5820 s 2 R S v

Fig.10 Influence of inertia effect on leakage rate
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