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Pumping effect analysis of spiral groove on seal loop face
based on head definition
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Abstract; Based on head concept for pumps, the formula for pumping capability of spiral groove on seal

loop face was conducted by modifying the defined head formula with consideration of the face mechanical

sealing characters, which shows the pumping capability is related with the static pressure distribution on

the face. Numerical simulation for the inner flow of the mechanical face seal was carried out by using

Fluent software, and the results proved the correctness and applicability of the modified formula. The

pumping capabilities of the spiral grooves were analyzed combining the simulation results and the medified

formula, and the different simulation results of spiral grooves pumping capability on different loops were

compared. It shows that the pumping capability on the rotating loop is better than that on the static one,

and the former condition is also better for reducing the friction between the two loops.
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Fig.1 Upstream pumping mechanical seal face configuration
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Fig.4 Calculation area and boundary condition

3.3 HERGRSW

J% F} Fluent 344, E R HE7Y , A SIMPLE B 3%
S Fsk TR A, R B — Bl KUae 0 i 2
RGeS BT, S ROT
3.3.1 BESA

B 5a,b 43 51 7E HE 5% 35 1 B L1 26 0 18 T 1 B
8 o L 10 8 2 A o LU L T 40 A ) RS B
P80 X E 7 R E R SRR Bl B K,
ERRME/AD, BARmsA ISR, AR (2) 7]
HREBFE T —E N REH; HFE—E124,

EHEER B S TR HER, X IER R
B R A SR RERE X, i i 2 26 ) 3 .

TRE & A o o FF R B, A XA MU SR & N (E
1.5 MPa it & F A SF R 0 B, i &
BT HENFRAES S MPa. REEAR(2) ,pg
HITSILT , LB 3 % I B 7 e EE 5 N A2 I B 1R
BRI ATE N pow ~ P =1.5x 10" Pa, TIF &
AN Pow — P =4 x 10° Pa, AT TR 75 B2 HE RS 7= 4= 1
T TG & . 155 I TR R & B X 5
e DX dBrc LT o SR T A 58 FE B LR R
HATE T E NGB FERE, REEE ) EiT.

W= /MPa
M/ MPa
" .

(a) HE¥ 35 IF I (b) 1253

K5 wEgsES A
Fig.5 Static pressure on grooved ring face
3.3.2 HEHA
B 6a,b 53 51| R £ NE s 25 A 1L 34 T B T A
Y5 061 B B s 0 A -

120
1100 - !
110
100 =
900 —
G —
ct o
s .,
100 . 70
=
a0 g
40
300 a0
' 20
100 10

(a) HE¥LEE FFI (b) B 1 2R TP

ik kPa
e/

o6 smiEsh ka7
Fig.6 Dynamic pressure on grooved ring face



86

P8 6a 55 5a XF MR, W] LA 5 BUAE TS o 1 PO B R B IR
EAUH 1.2 x 10° Pa, 4% F )i i T 0 B AR 4% R (L
(1 MPa) , B3 [E#41% 0. 6 MPa, ¥ 2t/ T8
SRR T 9 B/ FE. fl st T DUE B A 3K (2) MY IE
KIS HTE.

STH. B 6a Fl b, MK TE 3 4 A #9 B B % —
B, FEF R IR A AR R A — DR EX, BE
8 388 Ko 1T P AR AL BB . 7 (R R AR AL B R AR
AN AHR B 6a BIBhFE B T &, 5 B AR e 5F
5 TR T R, BB P R P A AR R BRSO, 3 K
WA TR IS 1 AR TR & 408 7.
3.3.3 HwAasH

B 7a,b 43 B B 70 NE % A # L SR R S
9L IR DA i B

BiEwh/Pa
WE 10y £ 41/ Pa

(a) BEFSERTEHL

(b) W9 155 571
7 smE syl o
Fig.7 Wall-shear stress on rotating ring face

Xt He B L BY U] 1 43 A B AR — 2. P )
B89 AR TFAERE X, 5 B SR R 7 A R T
ST BT Y0, FE—E R BE R/ T 4 B o 9 P
B, AT RE K ATUD 5 B B0 58 1) . EEAB X, A2 )
R8T Y) f & F AR, B i %5 A h AT ST DR
/N ABTE RAEIIAR A X BT U F1AR /. X EEARRE X B
B89 J7, B % F3 4 000 ~6 000 Pa,f5 & K 5 000 ~
6 500 Pa, fij & BEAIE T /5 & , 50 U4 952 i 18 7T o 1 1
AR FIEE X BT ) 11 A — e W, T T HERE 31
it i B B A
3.3.4 ®k&E¥%

Pl 8a F1 b 535119 £¥ e BF R (R R HE G 7 2
PR BE R 43 A, BT VR O B (B ) JLE R 0,
JEHE R ELI N 3.3 ml/h. AR ETEAR T
21'r/;0vp (3)

Am =

Ko rg AEHFHEIME , m;0 AEHHRSMEME
IR, m/s;p K% H A FREHE, KK 1.0 x 10°
g/m’ N, KIBHERE A

2w/ (m/s)
&
S o
RE S (m/s)
o
[

(a) M4 EF FFHR

Ei8 iR
Fig.8 Radial velocity

(b) M ALERFFH

4 £ it

1) AT 77 36 b W e 1 o T 245 4 5K RS2 1
A2 Ak e A s T AL A ) P R Z AL, B TR R
B S AR T R BRIL, S T Rl
RN B TR BT BAKIE. 456 SR, R
WHE SRR RN ESRIE T KRR A —&E
H‘Jﬂ"?"ﬁ

SRR AR L E5 R B T 4
ﬁi%%#ﬁﬂ‘ﬁfﬁﬁi*ﬂ’ﬁ&?‘ﬁ%mlﬁlﬂ]ﬂﬁbﬁt?’ﬁﬁ#
S TREAE ST I RRE MR, FLAR A W SE B AR — 2
WL LR X E 4 BT 7E 1 4% A O 7E 8 1 55 T 48 €
R RF 5t v ) A4 B A 434 , 45 H T 4 51t T T A
WEMAREAEKR, SMEESNRHBEZHER,
A HREANR T E.

3) % b i () 3T 4 F1 9 50 A SR B RE T AR
S04t R AR 1 v T (] 4 B E10 3. R e R FF T e % 3
T et B L) S e /IN T 7 0 R i v, BT UM i EE R
B UM H AT LG

4) TE T i 34 it 1 F A O HUAR S B 1O 4 L
-2 O, i 7E ¥ 1L 55 35 1 9T 4 6F i The B K T IEHE 5%
AT A G O

$ % 3Lk ( References)

[1] BUkH LREHTARAR(M]. LR PRIk &
Jit, 2001248 -251,277 - 281.



87

[2]

(3]

(4]

(5]

[6]

Netzel J P, Volden D. Non-contacting seals for critical
service process pumps [ J]. Sealing Technology, 1995
(15) .7 -11.

Al A, FRE, Ak, F. Sh RV 3 IR0
AR B BB E (J]. HEEHLAR, 2008,26
(3) :30-33.

He Yujie,Li Zhiging,Shi Haixia,et al. Dynamic groove
optimization of hydrodynamic mechanical seals and de-
termination of heat exchanger area[ J}. Drainage and Ir-
rigation Machinery,2008,26(3) :30 -33. (in Chinese)

Brunetiere N, Galenne E, Tournerie B, et al. Modelling
of non-laminar phenomena in high reliability hydrostatic
seals operating in extreme conditions [ J ]. Tribology In-
ternational ,2008 ,41 ;211 -220.

XN BRAHEARFRHIM]. LR FH R,
19958 - 9.

Bilde Bk .8 . E RUEHEEREKEN
MR SBIR K [J]. IR KR BRBER,
2003,24(3) :10 - 13.

(7]

(8]

(o]

Chen Huilong,Chen Song,Hu Ji,et al. Study and design
of fluxion for low-rate revolution radial water turbeine
[1]. Journal of Jiangsu University: Natural Science E-
dition ,2003,24(3) ;10 —13. (in Chinese)

R AW, FRAR R FAEH TR
[J]. H#ARHE,2009,25(1) 49 -51.

Leng Xiaojing, Hao Muming. Performance research of
two different grooves dry gas seals [ J]. Gansu Science
and Technology,2009,25(1) :49 - 51. (in Chinese)
Zhang Jinfeng, Yuan Shougi. A numerical simulation of
3 - D inner flow in up-stream pumping mechanical seal
[J]. Journal of Hydrodynamics: Ser B,2006,18(5):
572 -571. ,

Zhou Jianfeng,Gu Bogin,Chen Ye. An improved design
of spiral groove mechanical seal[ )]. Chin J Chem Eng,
2007 ,15(4) :499 -506.

(FiImE » B)

(L#8% 46 @)

(2]

[3]

[4]

(5]

(6]

TokiB, TR, K EEHE. ANSYS K FF R 78 R 5058
BRI A [)]. HEE LR, 2007,25(4) 18 -
21.

Shen Yongjuan, Shi Weidong, Zhang Desheng. Appli-
cation of the redevelopment of ANSYS in calculating the
shaft intensity of pumps[J]. Drainage and Irrigation
Machinery, 2007,25 (4) :18 —21. (in Chinese)
WD, &2, H/ANE, % & T ANSYS/PDS &
Ml SEAEAT(J]. HEMEYLAR 2008 ,26(5) -1 -4,

Shi Weidong, Yan Pinlan, Jiang Xiaoping, et al. Proba-
bilistic analyse of pump shaft based on ANSYS/PDS
[J]. Drainage and Irrigation Machinery,2008,26(5) :
1 -4. (in Chinese)

Yang Wenxian, Tavner P J. Empirical mode decomposi-
tion, an adaptive approach for interpreting shaft vibrato-
ry signals of large rotating machinery [ J]. Journal of
Sound and Vibration, 2009,321(3/5) : 1144 -1170.
Wu Jiajang. Torsional vibration analyses of a damped
shafting system using tapered shaft element[J]. Journal
of Sound and Vibration ,2007 ,306(3/5) ; 946 —954.
Yao Zhishu,Chang Hua, Rong Chuanxin. Research on
stress and strength of high strength reinforced concrete
drilling shaft lining in thick top soils [J]. Journal of
China University of Mining & Technology, 2007, 17

(7]

(9]

(10]

(3):432 -435.

FENE A8 B ZERSWRLN[I]. O
TR B RFIEAR,2008,29(6) : 502 ~ 506.

Qi Xueyi, Wang Yan, Ming Zheng. Analysis of multi-
stage pump shaft fracture[ J]. Journal of Jiangsu Uni-
versity: Natural Science Edition, 2008,29 (6):502 -
506. (in Chinese)

EHR, 2 ER]. AT FE R AT A SR 3 B A R
BB ET]. A e HHLE, 2006,35(3): 34 -
37.

Dong Shimin, Li Zhigang. Research on the mechanical
model and nature frequencies of torsion vibration of rod
string of screw production system{ J]. 0il Field Equip-
ment, 2006,35(3) : 34 —37. (in Chinese)

AR, E58. BEBELRRIHMARREESFT
[J]. HikHiH,2009,37(1):38 -40.

Chen Chunxin, Wang Leqin. Stability analysis on the
journal bearing in high pressure centrifugal pump[J].
Fluid Machinery, 2009,37 (1) :38 —40. (in Chinese)

Lazarkiewicz S, Troskolanski A T. Impeller Pumps[ M].
Oxford; Pergamon Press, 1965:336 —337.

(FRIEHE KXA)



