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Structural Strength Analysis of Multistage Submersible Pump
Impeller Based on Fluid-structure Interaction
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Abstract; To accurately figure out the stress and the deformation of the impeller, the one-way fluid-
structure interaction was performed, utilizing the ANSYS Workbench. The pressure of the fluid flow and
the centrifugal force imposed on the impeller respectively were used to evaluate the maximum equivalent
stress and deformation of the impeller. Then the effect of two loads jointly imposed on the impeller was
obtained. Based on these procedures, the stress and deformation behavior under different flow rates were
numerically investigated. And the structural strength of the impeller was also checked. The results
showed that the maximum equivalent stress and the deformation were primarily determined by the fluid
flow pressure, and were less affected by the centrifugal force. With increasing flow rate, the maximum
equivalent stress increased gradually and then decreased, while the deformation gradually decreased. The
strength check result showed that the impeller could meet the strength requirement.

Structural strength ~ Fluid-structure interaction

Key words: Multistage submersible pump Impeller

515

Fa4EHSH

=Y s, B AT RS2 B BRI

LRI R R 2 PR 7 T AR, —
ERF A Wi N TRy R Pt e (R o 7 B LKLl 3
PR WA BOSE A5 BE 5 2R B HLLL A AT S 2 22
ERAEBAT, I, 3 2 Pk M FE AT 50 B2 A
WARNEE,

H1 T U R, , 2 B K R N 2 2R Y

KRS, 20120511 &I A, 2012 —06 —29

23— TR . W T 5 | R 45
AT IR, 25 2R A 3255 25 1 B R g ) T ik 3
BOTIEEE R 75 52 PR OO, 101 300 18T 5 77 1% BE
S WA S5 K AR B AR ELAE T 4 R 3R A R
ZMNH . F T, EREH DU S A A5 07 L B
AREBIFRIGE ", (B, BRTR 1R I8 ¥R
KB Z2 R R AT B A S BT . e, A

# [E 5 A SRFLA LS B H (51079063) (TLAE A ARFF- 3L 4% BhI0 H ( BK2011503 ) FE A4 5 R4 5L 4 %8 B3 H (2011M500117 )
TEERA il DA, 5 51, TR S0, R NSRS TR, E-mail; wdshi@ ujs. edu. cn



%5

HlE TR A5 2 BE TR TR 5 0 22 SRR SR M S SR 5k B 3 A 71

SCHFIF ANSYS 1) Workbench V-6, X 2 8 /K 32 i
FEREAT R ) 7 A G SRS, 0l THARC 22 KR
MSFETERAR ) 5.0 7 B W 35 L [ 4 s ) 12
HVASIE f oAt o 53 i s A8 A 0T 58 10 ) S AR T
(RISEN , X8 IG5 B AT RCAZ , R 2K i 4E
FR 2 1 i BE TR PR
1 REBEUHERZE

DL [T RE B 00 2 S T AR T 27 0 [ A g 2 28 U7 A=
—11 912843 3 B K R TE W E T Y
BT L E RS TE X (e, ATy
FIANTR] T LA AL 61 4 5 o0 A 5 vk o0 - AR S T
%SRS TR SRR A R KR
AR R 22 R AN Nl TR DR, 48451
TEMIER T — BN, % IERZ 908K
b AR A e T R SR AR A A A A
M TR 55485 07V v B S e A S B AT AT
W A BT T i SE A VR R T 2 25
AR 5

2 H{EE
2.1 HE#ER

PL150QJ20 # 2 gK 8 48 R A58 X 4, %
HAEATEOE T3 8, WIS s Q =
20 m*/h BHHFE H=11 m 5% n =2 850 r/min,
mEe I R Rk 7, R L B, MR AR R
FEFHERLR A an e 1 & 2 B,

$108
$105
OD/\O;%f
$73
$119
Bl nhfegkty

Py
Fig. 1 Impeller structure

12
24
40.5

$48

2 AR
Fig.2  Calculating model
LA 2 4 0t4eoKkik 3.5 Frtkik 6. OB

HRAEAT S SCRR A 41, AR SCRT BEA T Y 7757
DX H B K SR P = 4 i (LA

LB 26 1 5Kk 55 1 kg 56 2 gt
R S 2 SRR B BIVAT S5 ) X
HEZEm4, 32 Gambit H 4% 7 37 %1 43 DU i 14
AL RIS, 5143 1 635 041 ASBATT, 25y Bl
ANSYS Workbench A4 v 119 [ 4% %] 43 Dy g, % -
%143 F B A, 35043 91 386 4T,
2.2 RBIBAFURIEHFTRE

WA Fluent W AT R0 10 B 0] 51 42E fif
AR AR, T 10 o 1 Ah o R BE X AT, 8
B ) S A 22 2 AR AR SRR AL, H 1T S 1O B
T e T80 B RS T A 8 N 3 ( Outflow )
B, RAHE k- o Tt AR, SIMPLEC 53k, 1%
HE AR R R 1255 i HAX R D) % R
WCSIORSE R 1 x 1077, 15 8 JC W B [ Bk 1w i 37 5%
T, BIVRE D b A% 1) Sl B 34 S 2 0 30 BE TAT ) it U I
Bl bRAERE ] PR BE

Z P IKIE N I BB TS R
TR S PE R B TR ke BB
kEJ5RER e J5REDT
2.3 HHMFREREEERNEE

FIFH Hamilton J5 PR 37 25 ¥ AR B 32 3 5 2,
AR A A VR FE R B B SR A Y
LER B 1R

Mu+Cu+Ku=F (1)
K M—mEFEE  C— MR
K—R| B 1
w i — 1 SN R R B R R R
JER A
F—5 G2 iy ) s H B E ) Bo )
G INTRZA NS}

I SRR B T AR p )32 SR FH ) TRE S AL
PPO, H% & p =1 100 kg/m’ , #PEARH E =2. 5 GPa,
THFALE w = 0. 46 , BRIV T3k 56 MPa,, #1473 [T 45
AR LI BRI AR U, =U, = U, =
0, M52 80 f £ e ST MR ET], B0T)
R A N S e e B, %
T R 77 JE VR AR e R I A ARy fr . s
S 5 A 22 Al 7 3R TR 1 X B A Fluid Solid
Interface , PA5 | A3 1 1 #5007 15 B

3 ERSW

3.1 ZBEFBKRRIMFESETLE

Sk 56 E A HL 1 B, X RS 1 2
IKEBAT T MRS . 3 Frs ol e is 2 iy
FROR n LR TE H 5 ERES R e E |, H
HQ/Q,, R RTPR I S BT L E .



72 gl Bl R

20134

LR i EADLTIN ) 0% B U1 ik 038
ORI A TO BB S BBt
ST, B PRI 35 5 I G
A, TSN AT TR ER D, BT
BRI SARAE TR o AR,

68 14
66
64 12
62

X 60 10

=58 B

56
S4r - iRUesE S

- RER AR

saf v BUEmUEs R O & Hfiipsb R
50 1 1 1 1 1 4
06 08 10 12 14 06 08 1.0 12 14
O/Qapt Q/Oupt

K3 BERAER 5 as RxT L
Fig.3 Comparison between numerical and testing results

EF/Pa

27005

M5 & 6 il LI ARl g AR HT T 4
A I R AR A AT AR B0 Sy 3T
VR 1 3 B AE T W S /N T MR T 3 28 K v 2
S [V I A R AR T B T 30 37 A8 e 7 14
T3 RIS oK T A8y SRR VR T B8 1 T M AR B
i, X EEE N TR 48 LR ERLC iR

L3N F1/MPa

AT92

(@)

®
Bl 4 NIRRT S A
Fig.4 Impeller static pressure distribution at different flow rates

(a) Q/Q,,=0.8 (b) Q/Q,,=1.0 (¢) Q/Q,, =1.2

3.2 ARREIRTHRANENSH

WX 2R OK R = AR BUETT R,
BT TO KRS #0040, i 4 i,
ATLLA Y RS U T8 P Bl A 30 ) DA 1T )
WU N, A6 R LAt TRl —2 424k i
WA AR A R KT R 5 T, BAEM R 35
A SR/ )N Rz A R 25 2 R AR TR, AN TR T
BT, 25 A B B 5 S P 348 0 T 2800/ )
3.3 AEHEERTHREDRERESH

Z YOI RS TE TAE R b T iy e e AR
A, BB RO LR R T, R T BN
) 28007 X5 22 K ZE i He 2w, A3 5 T e
BT AR R 7 DL K 3 LR B K S
OIS AN & i

& JJ/Pa
1.478e+005
1.033e+005

[ [ S, B A i BRI T B S 7 1,
WS TR T5 T AR TR A A v A AR T L A A
Ji 7B 8 R 1 B4 PR 7 (e 3 05 1o 420 3 R T3k 1]
R0 R ) | VA TR 0 AT 20 R e A 1 i) A 14 23 A
T I8 J 7 1o ) o T I ] 0 A A T S
TR T T AR

RN I MPa

(b) (c)

IR I i
Fig.5 Equivalent stress distribution of impeller

(a) BERLLIES (b)) WSENEA (o) PIRhEAFILFEEH

PR, O A s T 280 1 FH I 0 N 48
FE RN S FIAE L A P

R IEE L VR, i i e KA T K2R
EMF AR 01 Ak T AL A s 7 28y e i 3L [ £
FHISF 48 1) e KA A A e e s ARt
3.4 REMNMHRENARERENFN

SRR L i ) 22 T K A e B R A 80N T e
SV Y B AR W, AR SO ST /N R A T

(0.6Q,,.0.8Q,,) &I T.00 Q,, K K & T. 00

opt

(1.2Q,,.1.4Q,,) TR LRIV REIE, &7
AR AN R 8 R R SR T B B AT
2, TRLA Y M5 04 B R SR R0 g BE A I Y

INSEEE N5 U8/, 7E 0. 80, T00 T ik B e K AH; 1
SR AR TR B I 00 18 KT 2 TN
3.5 BERZ

Sk RGBT 1 2 A o B, 6T I 34 FH R g



555 il TR A5 o BE TR TR 5 0 22 SR K SR M S SR 5k B 3 A 73
ST & /mm
0.153?
2
= 0.1083
% 0.0927
i
L ooske
08181
o
(@
Ko migaaipinfi
Fig.6 Total deformation distribution of impeller
(a) BHERGCAIEAT (b)) WHEEAT (o) WFERMIEFEN
961 10.20 4 28U B R .6. 56 .6.20 .6.29 6. 80 .8. 20,
£o2r 1018 H1 T UL T 2 OB K S MR TR A T T BT
g >\ g S o
Sest Jos £ L RS
g 84r 10.14 4 A
2 | ) \ b 4 &
I 8.0 | —a—parAssp i 10.12
e - (1) ZYORK IR0 RS A i L

0.6 0.8 1.0 1.2 1.4
Q/Qopl

K7 AT e iR oR A0 g AT
Fig.7 Maximum equivalent stress and total deformation of

impeller at different flow rates

ATIFEAL i AR a8 v 7 ORI T 7 A 14 18 A T
VTN 1A BRAE AT e 4 3a 47, 45 D) -4 44 A
FHE R AR
HRAJE v 26 FH Y PPO M4 RHE 1, Ui 4 R ECh 4,
PR BR R 14 56 MPa, %4 2% n, . RIS
o VIR S [ o RIS RN
n,=o,/[o]

1E0.60,, ~1.40,, T0LH FE P, HHAG i

PRI FHBYSE IR, 1032 850 VR R L)

(2) AREAERT, 2908 KR 5 i ok
SERONE ) Y e HE AR R E 115 R AR A2 B X T
A8 B R B A BT AN R, 25 5 AR g0
JINE R, 58 1 e R AR A A= FE MR it 1AL
1117 2% A T ) 28y K o LRI T o4 A B
KA S e AEM 48 ) s bt

(3) 2K 48 BB R A ROV 1 BEF T
(O3 I S 38 IS BN, 7 0. 8 A5 Tl ik 3 i
RAEL 5 P-4 114 A - it 3 1) 98 A T 8 k)
FTOUT WA RN 1 35/ HAVERIN T SRR
T RBE TS A,

Z % x #t

1 REH RO e R AR RIS VR X R B 0 A

W FEAE AT )] Al MIAR AR ,2013,44(1) ;38 ~42 ,47.

Yuan Shouqi, Xu Yuping, Zhang Jinfeng, et al. Numerical analysis for effect of fluid-structure interaction on flow field in screw
centrifugal pump[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013,44(1) ;38 ~42,47. (iin Chinese)

2 BV, EUE RIS, RS OEMARITIHALT]. HREAU TR ,2011,29(3) 1109 ~ 113,
Wang Yang, Wang Hongyu, Xu Xiaomin, et al. Finite element computation for impeller of stamping and welding centrifugal pump
[J]. Drainage and Irrigation Machinery,2011,29(3) :109 ~113. (in Chinese)

3 VLAR, SRV, EEE,E. BOERSR RS EEERILT]. Rl ,2012,43(9) :53 ~56.
Jiang Wei, Guo Tao, Li Guojun, et al. Numerical calculation on flow field in centrifugal pump based on fluid-structure interaction
theorem[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2012,43(9) :53 ~56. (in Chinese)

4 UL BRI RO E RS SRS R AT [ D] M 45N, 2000.

Yuan Qiming. Study on fluid-solid coupling for vibration characteristics of axial-flow pump blades [ D ].

University,2009. (in Chinese)

Yangzhou; Yangzhou

5 TEUHE RS BEURA. WRIERES 2R 1] oAk 1997,21(1) 19 ~ 38,
Xing Jingtang,Zhou Sheng, Cui Erjie. A survey on the fluid solid interaction mechanics[ J]. Advances in Mechanics,1997,21(1) .

19 ~38. (iin Chinese)

6 HIEE, AR, S A ARG 2 B BN [ M. IR I R Tl R ik, 2010.

7 EDIR, A, EFE S JET Ansys 0T HIEKEE T RGBT )] HREDUL TR 412 ,2012,30(2) 157 ~ 161.
Cao Weidong, Gao Yi, Wang Xiulan, et al. Optimization design of submersible pump rotor system for coal mine based on Ansys
[J]. Drainage and Trrigation Machinery,2012,30(2) ;157 ~161. (in Chinese)

8 AR, VR, FLEA, A, LA IO N BRI BUE AN 1], Aol TR0, 2005,21(9) :72 ~75.

Shi Weidong, Wang Yongzhi,Kong Fanyu,et al. Numerical simulation of internal flow field within the volute of vortex pump[ J].

Transactions of the Chinese Society of Agricultural Engineering,2005,21(9) :72 ~75. (in Chinese)

(TEE 100 T7)



100 P A1 R = 4 20134

CATENA, 2003, 50(2 ~4): 91 ~133.

8 Brice ] C. Erosion and deposition in the loess-mantled Great Plains, Medecine Creek drainage basin, Nebraska[ C]. U. S.
Geological Survey Professional Paper 352 — H, 1966 235 ~339.

9 TImeson A C, Kwaad F J P M. Gully types and gully prediction[ J]. Geografisch Tijdschrift, 1980, 14(5) : 430 ~441.

10  Vandaele K, Poesen J, Govers G, et al. Geomorphic threshold conditions for ephemeral gully incision[J]. Geomorphology,
1996, 16(2): 161 ~173.

11 B30T, FBTbR, 2 Ak, 4. SRR B N AT A DR S DAL ], AKBEIERE 2003,14(4) 1471 ~475.
Wang Wenlong, Lei Alin, Li Zhanbin, et al. Study on dynamic mechanism of rills, shallow furrows and gully in the soil erosion
chain[ J]. Advances in Water Science, 2003, 14(4): 471 ~475. (in Chinese)

12 ZBFE RS B SC, . B 4 DRV R O R B MK K ) 2 AR MR IR DR T [T ). K AR R4 4,
2010,24(5) .92 ~ 100.

Gong Jiaguo, Zhou Zuhao, Jia Yangwen, et al. Simulation experiment of ephemeral gully on basis hydraulics parameters of
concentrated flow and erosion morphology in loess area[ J]. Journal of Soil and Water Conservation, 2010, 24(5) : 92 ~100. (in
Chinese )

13 Gong Jiaguo, Jia Yangwen, Zhou Zuhao, et al. An experimental study on dynamic processes of ephemeral gully erosion in loess
landscapes[ J]. Geomorphology, 2011, 125(1) ; 203 ~213.

14 Ez X, %07, 5. RN E REDK ARSI ], R ,2004,35(4) :66 ~69.

Qiu Baoyun, Liu Chao, Tang Fangping, et al. Flowrate measurement of large pumps by probe system[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2004, 35(4): 66 ~69. (in Chinese)

15 Dunkerley D L. Estimating the mean speed of laminar overland flow using dye injection uncertainty on rough surfaces[ J]. Earth
Surf Process Landforms, 2001, 26(4) ; 363 ~374.

16 Zhang Guanghui, Luo Rongting, Cao Ying, et al. Correction factor to dye-measured flow velocity under varying water and
sediment discharges[ J]. Journal of Hydrology, 2010, 389(1 ~2) ; 205 ~213.

17 Lei Tingwu, Xia Weisheng, Zhao Jun. Method for measuring velocity of shallow water flow for soil erosion with an electrolyte
tracer [ J]. Journal of Hydrology, 2005, 301(1 ~4) . 139 ~145.

18 FL T A, FESAR o ik vk ) 3 T e 2 5 A It B (I 5 SR AE T [ D] 4 < PE LR AMRL L 2% 2003,

Xia Weisheng. Study on velocity measurement of steady sheet flow with the electrolyte pulse method and its application[ D ].
Yangling: Northwest A&F University, 2003. (in Chinese)

19  Lei Tingwu, Chuo Ruiyuan, Zhao Jun, et al. An improved method for shallow water flow water flow velocity measurement with
practical electrolyte inputs[ J]. Journal of Hydrology, 2010, 390(1 ~2) ; 45 ~56.

20 XUFFR,FEGAE B, WO K RS 2w (1) SR, 1 ERE,2004,34(3) 1360 ~373.

Liu Qingquan, Liu Jiachun, Chen Li. Dynamics of overland flow and soil erosion ( I )—overland flow [ J]. Advances in
Mechanics, 2004, 34(3): 360 ~373. (in Chinese)

21 BT CEER XA, 55 S 2K i s & BT [ 1], Rl T4 ,2004,20(2) 123 ~26.

Xia Weisheng, Lei Tingwu, Liu Chunping, et al. Comparative analysis of measurement of velocity of slope laminar flow[ J].
Transactions of the CSAE, 2004, 20(2) : 23 ~26. (in Chinese)

22 ETERER X 5. BERZ T R KRB BERFIEL T ] . KR 24,2004 ,35(11) <119 ~ 123.

Xia Weisheng, Lei Tingwu, Liu Chunping, et al. Flow characteristics of sheet flow on slope under the condition of raining[ J].
Journal of Hydraulic Engineering, 2004, 35(11): 119 ~123. (in Chinese)

(E#FE 73 1T)

9 XU, e, WL E R E N ARSI BUARLLL T . AL, 2011,42(9) 174 ~T8.

Liu Chao,Jin Yan. Numerical simulation on three dimensional flow in two-way reversible pumping system[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2011,42(9) ;74 ~78. (in Chinese)
10 BURE, FIEM AU, TR KA WU 5 sh B M TR BN R R ) ). W R 2274 HARBL R, 2005,45 (2) -

235 ~237.
Luo Yongyao,Wang Zhengwei, Liang Quanwei. Stress of Francis turbine runners under fluctuant work conditions[ J]. Journal of
Tsinghua University ; Science and Technology,2005,45(2) :235 ~237. (in Chinese)



