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3-D Numerical Simulation for Low Specific-speed
Centrifugal Pump with Multi-phase Position

Wang Yang Dai Cui
(Technology and Research Center of Fluid Machinery Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract

To the doubt whether steady flow is endowed with global representativeness, the numerical
simulation was performed for a low specific-speed centrifugal pump at multi-phase position, under the
designed operating conditions, by multiple reference frame model. Changes of the total head were
investigated in detail, due to the relative position of impeller passage to volute. The important flow
information, such as velocity, the pressure fields and characteristics of swirling flow and its developing
process on the eighth cross-sections of the volute casing, were also gained. It was concluded that the

result of steady numerical simulation with multi-phase position truly reflects the unsteady flow features
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in the pump flow field to a certain degree.
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Fig.2 Change of the total head to phase angle
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Fig.4 Velocity distribution for different phase angles

(a) 0° (b) 15°

5.29¢+05
5.01e405

472405
4.44¢405
4.16¢+05

3.87¢005
3.59¢405
3.31e005
3.02¢405
3.74¢405
2.46¢005
217405

-9.33¢403
-3.77e+04

-4.03c+04

(c) 45°

W 3T T L R R AR N e 22 o AR Te I,
L B AR S AN T3 K, e R Y B 39 52 A
BE o A PG AL A A O S 2% T A LA X373
AT L5

AN [ Bk 221 e ) A T A A T B e A e
e , A P s e M R AL AR A . ol oK SE M
Sk I SO 2 R — A IR, R M A AR
BT 1 e I X /)N i P A ) o i Y
Fir W 3 T 1 Ak o 830 0 5 MR ) LA 15
3 TR AT 22 K 5 32 P R 1 45 TR 119 1 s A
ZEMAN K, e 7 1605 W% 1 7 s 22 L/

i 3.37005
3400005

Bl 6 AN[EAEAL A B A
Fig.6 Static pressure distribution for different phase angles
(a) 0° (b) 15° (c) 45°

2.5 WmEEVHE RRMEK

7 AH 25 T 2RAE—JRTI A e 2 VIR TR — ik
T . LA H, W5 Y Y K R I Bl — B AS
RSB MR i o O BB, K A58 38 1 )5 8 I A
AR, 77 A LA 76 R B 1T A % R il ) — X6 T 1)
FABC IS, 2% 0.0 55 48 ) IR g RO ] 5
FELTARIL . 1SR BB 3206 R ) 108 7870 & S AR 5
FEAWT I, T3 0o BE RS S 1 A O° 57 BB AT BTG R,
SR EEA T /N o 45° 0 B 7K DA i 25 [ 9 3 A
B R B — AR

3 #ig

(1) B0 AR BRI 47 AR 32 5 2 32 37
Fe 3 St 48 5 s s e AR (37 B A S T I
AR WSl . BT L0 20 E IR R R
PSP T SR M T B O SR B R

(2) Sty i Fe T AH B AR I A B LR AN %)
PR [Rl—JAE 1 e 5% 1 7 o O Sl 25 4 AN IR A2 Ak 5
FeMR B B i AR E W R ELR5E N KRR
AT E AR I o



5511 EE A AR R DA A E A = SRR B 93

P 7 A IRV R AL S s 89 e 28 VI 1] — 3 A
Fig.7 Secondary flow distribution on the eighth cross-section for different phase angles
(a) 0° (b) 15° (c) 45°

2 % X #

Shojace Fard M H, Ehghaghi M B, Boyaghchi F A, et al. Experimental and numerical investigation of centrifugal pump
performance when handling viscous fluids[ C] // ASME International Mechanical Engineering Congress and Exposition,
2005.

Byskov Rikke K, Jacobsen Christian B, Pedersen Nicholas. Flow in a centrifugal pump impeller at design and off-design
conditions—part Il ; large eddy simulations[]]. Journal of Fluids Engineering, 2003,125(1): 73~83.

EFH, AR TR B0 AR PERERII LT ], FARPLIK,2007,35(10):9~13.

Wang Xiuyong, Wang Canxing. Performance prediction of centrifugal pump based on the method of numerical simulation
[J]. Fluid Machinery, 2007, 35(10):9~13. (in Chinese)

FOMSAR, B 2% 0 XA B0 A IS S e IR A R Bl ) = 4R EE R ). Aol TR, 2005,21(8): 1~5.
Guo Pengcheng, Luo Xingqi, Liu Shengzhu. Numerical simulation of 3D turbulent flow fields through a centrifugal pump
including impeller and volute casing[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2005, 21 (8): 1~
5. (in Chinese)

R U . VIR AL AN OLE W SR L) ] TR A B4R, 2003, 24(4) : 595~598.

Li Xinhong, Huang Shujuan. Numerical analysis of flow features for a tangent pump with multi-phase position[ ] ]. Journal
of Engineering Thermophysics, 2003,24(4):595~598. (in Chinese)

Miguel Asuaje, Farid Bakir, Smane Kouidri, et al. Numerical modelization of the flow in centrifugal pump: volute influence
in velocity and pressure fields[]]. International Journal of Rotating Machinery, 2005,11(3) :244~255.

Jin Yan, Smith D G. CFD simulation of 3-dimensional flow in turbomachinery applications[ R]. Turbomachinery Flow
Prediction Vll, 2000:34~38.

5K 224, OB IR KRR TOUE R B [T ], A ARk, 2008,39(4) :69~72,82.

Zhang Lanjin, Ji Xingying, Chang Jinshi. Flow analysis of the pump-turbine runner in the pump mode[ ]J]. Transactions of
the Chinese Society for Agricultural Machinery, 2008, 39(4): 69~72, 82. (in Chinese)

Zhou Weidong, Zhao Zhimei, Lee T S, et al. Investigation of flow through centrifugal pump impeller using computational

fluid dynamics[J]. International Journal of Rotating Machinery, 2003, 9(1):49~61.

10 EARE. R RS20 ——CFD SR U5 R M. JE st i #2004,

11

BRSO, R 55 . AR HEFE B AR 20 8 — 2T TR AE AU LT ] AU 41, 2008,39(7) : 72~75.
Li Yibin, Wu Guoxiu. Numeric simulation of three-dimensional turbulent flow in low specific-speed centrifugal pump[]].
Transactions of the Chinese Society for Agricultural Machinery, 2008,39(7):72~75. (in Chinese)



