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Abstract

To investigate the energy characteristics and pressure fluctuations of a two-stage double-suction
centrifugal pump, the standard k£ —& and RNG k — & turbulent flow models were chosen for the steady and
unsteady flow simulations at 0.62, 0.8, 1.0,1.1 and 1.2 designed flow rate conditions. The results
showed that the second multiple frequency of the impeller rotation dominated the pressure fluctuations in
the suctions. The fluctuation amplitudes for all the monitored points in suctions were very similar and the
difference was less than 1% . The second multiple frequency of the impeller rotation also dominated the
pressure fluctuations on the impeller blade surfaces where the amplitude became larger than that at
suctions. The blade passing frequency dominated the pressure fluctuations in the volute and the largest
amplitude was at the point some distance away from the volute tongue. The amplitude of pressure
fluctuation increased when the pump operation condition was deviated from the design point. In the volute
tongue region, the pressure fluctuation amplitude of blade passing frequency at 1.2 designed flow rate is
1. 25 times of the one at designed flow rate, while the ratio at 0. 62 designed flow rate is 1. 42.
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Fig.4 Pressure monitoring locations in the volute-1
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Fig.5 Comparison of the performance curves
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Fig. 18  Comparison of frequency spectra between locations 14 ~ 19 of volute-1 and volute-2

(a) WI19 (b) W219 (c) WI1I8

0.025
0.020
0.015 F ——  WRKEREINE
: —— QX(E/J(ﬂ—()ILJéV‘JfL
& —A— RIS AR
0.010 - TR S RAE AT
: e R IOKERIT AR
A TR NOKE R TR
0.005 N e
‘J\.::fgi;:;,-:l»---‘-----l
0 0 100 200 300 400 500
8/
19— ZHEIKEE TR IEE RN A0 LA

Fig. 19  Comparison of amplitude between

volute-1 and volute-2

A8 AR B T AT BROR T 20— W0aH , SR haE P R il
LR (4 e 7 Ik sl B S W, s g ksl i K i

2 %

1 BRI PRGBSO 2R s I Bk ah R EmsE [ D]

University, 2010. (in Chinese)

2 Kaupert K A, Staudli T. The unsteady pressure field in a high specific speed centrifugal pump impeller-part 1 :

et

Li Chenguang. Study on pressure fluctuation of a two-stage double-suction centrifugal pump[ D].

(d) W218 (&) WII7 (f) W217 (g) W16 (h) W216 (i) WIIS (j) W215 (k) W14 (1) W214

R S i e i B T 2 300 ~ 45° ML
5 W T B AR A B — I -5 X QEM%TW?
550K 2 g el GO0t 0 37 1 5 ) A — I
G E R DA R TR EM%EFﬁM@%ﬁhﬁﬂﬂ%
TR AT ) e 7 Dk sh B .

(5) BEH ImES B 00,3 A~ X1 1 g ik sh#B
A RTEAE  For i i a AR i R Ik ) i (e R
LRSI R 71,20, THUT, K ZE iy
SNl W U e B, TR O Ve ) emi[ A =B
WA TOUT B 125% 3 e 45T 0 % 77 bk 20 bl 2 ik
U/ N T 2R 38 R, 7K 2 g P I e 0. 620, T30
1 ASEART 0 3 Bk sh g (e 2 31T T 0L 142%

(6) FEAT AR ISR 345 VK B0 Hh s A 4 7 A Y
T PR TRy 8 3l ™ A e S R 1 7 A T — &
GIRAT Y S Ak 20

X Bk

FrE AR, 2010.
Beijing: China Agricultural

influence of



IR A PGS B0 T T Bk sl ek 49

the volute[ J]. ASME Journal of Fluids Engineering, 1999, 121(3) : 621 ~626.

3 Dazin A, Charley J, Bois G, et al. Pressure fluctuations in the suction and delivery pipes and in the volute of a radial flow
pump in non-cavitating and cavitating operating conditions [ C ] // Proceedings of the ASME Fluids Engineering Division
Summer Meeting. New York: ASME, 2003 331 ~338.

4 ANERE. UK ELOA K DREMERTFE[ D], Jbat: shEg R, 2007.

Cong Guohui. Study on hydraulic stability of double-suction centrifugal pump station [ D]. Beijing: China Agricultural
University, 2007. (in Chinese)

5 W, BT, EARZE XURFEALRY RIS RE X AR m B ETTIE [T ], AU, 2009, 40(11) : 83 ~85.
Yang Min, Min Siming, Wang Fujun. Numerical simulation of pressure fluctuation and radial force in a double volute pump
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(11); 83 ~85. (in Chinese)

6 IRWINE, REM, BRIIHE, & SET W RIS S RNG It AL N i sl TR ()], TR B4R, 2005,
26(1): 66 ~68.

Xu Zhaohui, Wu Yulin, Chen Naixiang, et al. Simulation of turbulent flow in pump based on sliding mesh and RNG & — &
model[ J]. Journal of Engineering Thermophysics, 2005, 26(1) ; 66 ~68. (in Chinese)

7 Arndt N, Acosta A J, Brennen C E. Experimental investigation of rotor-stator interaction in a centrifugal pump with several
vaned diffusers[ J]. ASME Journal of Turbomachinery, 1990, 112(1) : 98 ~108.

8 Shi F, Taukamoto H. Numerical studies of effects of flow rate and radial gap on pressure fluctuations downstream of a diffuser
pump impeller[ C] //Proceedings of the 3rd ASME/JSME Joint Fluids Engineering Conference, 1999 18 ~23.

9 Shi F, Taukamoto H. Numerical studies of pressure fluctuations caused by impeller-diffuser interaction in a diffuser pump
stage[ J]. ASME Journal of Fluids Engineering, 2001, 123(3) ; 466 ~474.

10 EAZE. HRFASI 25208 CPD BAPFFEBLS M. dbat. AR AL, 2004.

11 Spence R, Amaral-Teixeir J. Investigation into pressure pulsations in a centrifugal pump using numerical methods supported

by industrial test[ J]. Computers & Fluids, 2008, 37(6) : 690 ~704.

12 Alireza Z. Pump-turbine rotor-stator interactions in generating mode; pressure fluctuation in distributor channel [ C] //
Proceedings of the 23rd IAHR Symposium on Hydraulic Machinery and Systems, Yokohama, 2006.

13 Jose G, Carios S, Eduardo B, et al. Unsteady flow structure on a centrifugal pump: experimental and numerical approaches
[ C]//Proceedings of 2002 Joint US-European Fluids Engineering Summer Conference , Montreal , 2002.

14 Chu S, Dong R, Katz J. Relationship between unsteady flow, pressure fluctuations and noise in a centrifugal pump—part A ;
use of PDV date to compute the pressure field[ J]. ASME Journal of Fluids Engineering, 1995, 117(1) ; 24 ~29.

15 R R MRS 5F . BO RIS E B [ 1], AQIAUHFH,2010,41 (11) 43 ~47.

Zhu Rongsheng, Su Baowen, Yang Ailing, et al. Numerical investigation of unsteady pressure fluctuations in centrifugal
pump[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41(11) :43 ~47. (in Chinese)

16 Jifi TR Vot % ok AEIME 55, Bl SR N AR 7 5 ) RS PERE TN 51K 86: [ 0], AR HLA# 4R ,2011,42(5) 144 ~48.
Shi Weidong, Leng Hongfei,Zhang Desheng, et al. Performance prediction and experiment for pressure fluctuation of interior
flow in axial-flow pump[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,42(5) ;44 ~48. (in
Chinese )

(b5 35 )

7 SRR ATEM SRR (R TSR R BB [T]. AU T R4, 2004, 40(8) : 100 ~ 105.

Zhang Yimin. Reliability sensitivity design for mechanical elements with arbitrary distribution parameters [ J]. Chinese
Journal of Mechanical Engineering, 2004, 40(8) . 100 ~105. (in Chinese)
STERA , BRI R JE. SRR g M. dbat: S AR A, 1998.

9 EIE. FAMS ARG AR IS 5[ D] I ARIERE, 2008.

Wang Zheng. Theory and method for time-dependent reliability models of components and systems [ D ]. Shenyang:
Northeastern University, 2008. (in Chinese)

10 EIE. FETHEMSRE TR RERMATEINEID]. duat: LRtz iRk, 2010.

Wang Zheng. Method for calculating failure rate of components and systems based on load-strength interference [ D ].
Beijing: Beijing University of Aeronautics and Astronautics, 2010. (in Chinese)
11 5k bl tEis BB D R G IM] . dust. Th ERFAEOR TR, 2000.



