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Fluid state analysis on flow field of gas seal
with spiral groove based on CFD
Ding Xuexing'?, Fu Yingjie', Zhang Jing' , Zhang Weizheng'?, Yu Shurong'’

(1. College of P hemical Technology, Lanzhou University of Technology, Lanzhou, Gansu 730050, China; 2. Wenzhou Research Insti-
tute of Pump and Valve Engineering, Lanzhou University of Technology, Wenzhou, Zhejiang 325105, China)

Abstract: The three-dimensional model of spiral groove gas seal is carried out and meshed by Gambit
software. On certain occasions, there are two flow patterns named laminar and turbulence in the three-di-
mensional micro-groove. The two kind of flow patterns are simulated with Fluent software. As a result,
their pressure distribution, velocity distribution and leakage were obtained. With the simulation results,
theoretical calculations proceeds according to the velocity of flow factor. The resulis show that fluid state in
spiral groove gas face seal is based on laminar on certain operating conditions. The simulation leakage
and the experimental data are compared and analyzed. The laminar leakage data of 6.92 x 107 m’/s is
very similar to the experimental one of 6.94 x 10 ® m’/s. In conclusion, fluid state in spiral groove gas
face seal is based on laminar in certain operating conditions.
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Fig.1 Geometrical model of spiral groove
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Fig.3 Pressure distribution of laminar

7 660, 00
6813.33
| o

-
5966. 67 |—

5 000. 00 jo

p/kPa
g
o
g
|

B4 REE-c HMASBEAMGZE
Fig.4 Air-film pressure distribution of standard
k - & turbulence

10 000, 00
§020.00 |

6 880, 00

p/kPa

5000. 00

3 460. 00

2000, 00

40, 00

B 5 RNGE-emBiSEENIFEA
Fig.5 Air-film pressure distribution of RNG
k - & turbulence

3.1.2 &E»H

FH Fluent ﬁ(‘?ﬁ%ﬁ@ﬂ%ﬁ*ﬂiﬁﬁ%ﬁ%ﬁ
HEESFINE6 -8.

HTHELZFREF LA THRIRE, FLE
YEFRASHT, 3 5B E R L.

200. 00

v/ (m/s)

100. 00 &
72.90

40. 00 |

6.35

H6 BRSAEESHH
Fig.6 Laminar gas velocity vector



"
ig’sd :

L. i O e

200, 00 '
=

=

168, 44 ==

B 112 TH%
B0, lela
|

B7 FrfEk - MMSHEEESHE
Fig.7 Standard k - ¢ turbulence gas velocity vector

v/ (m/s)

8 RNG k- WA EAE S 7 E
Fig.8 RNG & - £ turbulence gas velocity vector
3.2 REM
3.2.1 #RHE
RESCER(12] AR, AR E T o KPE
TE) B A L B AR
Ya > 10, AFRIRE:; Ya <10, LTE

_ Re, \? Re \?
a-x/(1600)+(9_6§)’ (7)
K Re, ,Re, 535 4 0 AP BT VIR B89 Re 324

R BRI TR Re 3K, Re, = P';”o,ReP -

p”—’;h‘l;ﬁqa u FySRTE B R RIE , w/s; 0, HAB I

NEEE, m/s;hg w1 8] AR AR AE , wm.
A6 Al A, B H i E <M v, R 206. 000
n/s, ;3 Fluent 54 AT LAB B v, = 42.067 m/s,
Tl B vy = Ve + U AT RATE F 1, = 201. 659 m/s,
M A] AR Re, = 61.16,Re, = 293. 18. Hit,, ¥

Re, # Re, RARK(7) B a =0.195 < 1,BIHZEH.
IR S E R REE AN ERHITERL, B
&SRB L PR S .

&7 AR Rk - o IR WS EAUR S v, B
200. 000 m/s, i it Fluent {185 v, = 43.943
ms, il vl = v +ul, ATLAEBIHTME
Upye = 195.113 m/s, TR LA Re, = 63. 887,
Re, = 283.667. ¥ Re, #l Re, RAK(7) B a =
0.191 < 1, BIRRRK.

i1 8 5] 41, RNG k - & IS E K 0,0 N
244 w/s, A ¥, 3@ id Fluent AT UE D v, =
151. 000 m/s, Wi g1 0%, = o7, +u’, O] LAFSEI5E Hin
M u,,, =191.66 m/s, NI LA Re, = 219. 53,
Re, = 278.65. ¥ Re, ﬁ]ReJ’CAK(?) Ba=03c<
1,BR 2.

L LA18 ERE LT e TR EH 5
SR F LS.
3.2.2 #MRMERERBI

BT AR B BB S AERA TR
SRHYTC -CTI W TREH ™%, EHRB—EE
HARABXNZSRHTTRE. KK+, 5.0 E%E
AR ERAT ARG XS0 MARRAT
W7 R Sh AL B Bl 5 3 B o o SR 32 IR AR R
FOAR ; it By B B e R AR TR T B RN RA A
AANSERE R FRETT, WX E R 0. 001
w’/h. R T ERE, K W AR R
Fluent 3k {4-rps B H2 3% ) , 3 5 5050 B i 15 /) i e &
HITRH, RE L

*1 FHHFRANREAHREREE
Tab.1 Leakage value of two kinds flow pattern and
experiment 10°° m*/s
HAE
— HRE
B VRAEk - e T3 RNG k- 2 TRl
6.92 18.37 35.08 6.94

B3R 1A, B et & E 5 0 0
B HEEE 99. 7% , M LR R k - & T
B I R {EE R RNG k - & i Y THE U 2 (L0 5 48
BEMEMRE. M5 . EHE LT, @il T
SEHRASERE DR RASNE. FEAES DK
FAVRHE k - & T WA B X SR A8 TS0 B i AT AR
RHBRAER.

LA S IS RS R SN LA E R EY)
S0, Bl ERETA T, RRH TREHRAS
I LU H R Bh .



”W

3

P GBS R G e i 5

G 00 i SO i A S a5 oS S R it i

4 F it

FFA Fluent THEAR T 472 TH T 8RIHE TS
T B SRR A, B WA T M E D2
A B SR DA Rt VR B, 2 TS S R TR B R
RIMRS. % e LR SRE X LG
B R TOUT e T RF shRE <A R LUZ
WAL

FEEHHERT , TREH RIS R AR
B rishe. BRFERES TRAE X, FIUTEES
MR BENOFERT , LA TS ERA RS 55
ABRHTHTREEH RS R E R TARNE.

$ % 3CHk ( References)

[1] ZhERILEXH. HMEHERENRGRRER
[J]. #HE#EHLIR,2009,27(3) :200 - 203.

Sun Zegang, Huang Wenquan. Simulation of flow field
and temperature field for mechanical seal cavity [ J].
Drainage and Irrigation Machinery, 2009,27(3) :200 -
203. (in Chinese)

ERFF,E B, REZA. EFIUTEER TS
FAR[T]. RALEAR, 2008(1) :33 -36.

Li Fengqgin, Wang Qiang, Song Yuanhong. Technology

[2]

of spiral groove dry gas seal for compressors{J]. Com-
pressor, Blower & Fan Technology, 2008 (1) :33 - 36.
(in Chinese)

Witk , F . BORMRBEEARI]. HEDM,
2007,25(4) : 22 -26.
Guo Shungui, Zhou Xianh
on centrifugal pump(J]. Drainage and Irrigation Ma-
chinery, 2007,25(4) :22 —26. (in Chinese)

Bloch H P. Consider dry gas seals for centrifugal com-
pressors( J]. Hydrocarbon Processing, 2005, 84(1): 9
-10.

Tabata H,Sano M. Study of high efficiency turbocom-
pressor; Development of high-speed and high-pressure
Dry-Gas-Seal [ J ]. IHI Engineering Review, 2004, 4
(5) :301 -305.

[31]

Radial sealing technology

[4]

(5]

(8]

(91

[10]

{11]

(12]

" Aimone R J, Forsthoffer W E, Salzmann R M. Dry gas

seal systems—Part 2; Best practices for design and se-
lection, which can help prevent failures[ J]. Turboma-
chinery International, 2007 ,48(2) :24 - 26.

B, TEX B 2% TIEHBREEASK
P A BT [I]. (L IHL, 2007,34(2):95
-97.

Huang Yifang, Ding Xuexing, Zheng Jin, et al. Finite
element simulation of the gas flow field in the dry gas
seal spiral grooves [ J]. Chemical Engineering & Ma-
chinery, 2007,34(2) ; 95 -97. (in Chinese)
TEX, BB TRARE 5. I TR HHMRE
FAFHL T B RSB I]. MR N#S
#it, 2007,24(3) :425 - 428, ‘
Ding Xuexing, Chen Delin, Zhang Weizheng, et al.
Approximate calculation and parameters optimization for
micro-scale flow field in spiral grooved gas seals[J].
Chinese Journal of Applied Mechanics, 2007 ,24(3) ;425
—428. (in Chinese)

TEX, K&, X0, %. WIEH TSR
Hi3hFH e CFD JELEH[J]. L T UL, 2008,36
(5) . 287 -290.

Ding Xuexing, Zhang Penggao, Huang Yifang, et al.
Numerical simulation of computational fluid dynamics
(CFD) of the micro-scale flow field in the spiral groove
dry gas seals[J]. Ch ing & Machinery,
2008,36(5) :287 —290. (in Chinese)

Launder B E, Spalding D B. Lectures in Mathematical
Models of Turbulence[ M]. London: Academic Press,
1972.

Yakhot V,Orszag S A. Renormalization group analysis
of turbulence [ J]. Journal of Scientific Computing,
1986,1(1): 3 -51.

Brunetiere N, Tournerie B, Frene J. Influence of fluid

c 1 o
(]

flow regime on performances of non-contacting liquid
face seals(J]. Journal of Tribology, 2002,124(3) ;515
-523.

(RiEHE KLH)



