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Numerical Simulation of 3D Unsteady Flow in Centrifugal Pump by
Dynamic Mesh Technique
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Absiracl The 3D dynamic meshing technique is applied for the numercal simulation of unsteady flow fields in a centrifugal pump
using the Fluent software. The surface motion of the impeller in the computational domain is defined by the profile file in the Fluent
software, in which the rotational direction and the speed of the impeller are specified. The simulation results are compared with those
obtained by the widely used sliding mesh technique to illustrate the superior computational efficiency of the dynamic mesh method. In
the dynamic mesh technique, all computational domains, considered as stationary, are defined in an inetial reference frame, while the
topological relationships between the previous and the current mesh nodes are retained to ensure a good precision and time coherency.
Three methods, namely the spring —based smoothing, the dynamic layering and the local re -meshing are used to cope with mesh
deformations. Comparisons of solutions with those obtained by using the sliding mesh technique with an identical computational model,
the same meshes, and initial and boundary conditions show that the results of both methods converge to comparable solutions within five
revolutions of the impeller. The iterative speed of the dynamic mesh method, however, is almost three times of that of the Sliding Mesh
method. The results thus suggest that the dynamic mesh technique for the flow simulation in centrifugal pumps, defined in an inertial
reference frame, yields a substantially better computing efficiency than the sliding mesh method involving a comprehensive data transfer
among multiple reference frames. This work shows that dynamic mesh technique can be used for numerical simulations of a three —
dimensional unsteady flow field in pumps and has a stiong versatility and broad application prospects.
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Fig. 1 Unstructured grid for the centrifugal pump
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Fig. 8 Dimensionless radial force F’, onimpeller with time

3 &g

(1) R Bl KB A AT S B0 JR 55 e Bt i R 2 =
AR W TR B I B R TRV PR MU 5 80 0K BAT
I I L TR

(2) TE[RVRER B DA TH SRR 3158 WA 40 4R 4% 1F 38
FAANE P AFBCE A AN, R i — B AR sl s, 3h K
A% 55 WA I M AT 45 SR T — B (E SRR A BB ik
PRI

(3) 8.0 R0 3 KUK $ 135 L 7E— A~ 2% o k47 1
I 45 A 004 3 AR E T R A0 RS R L i
b T RS IR0 KS 10 P R 5 % R 2 6] B4 XHE B W T
B 0 1 B e, ARG T ik P

2 %37 i ( References)

[1] PR, SRk, PR J9HE, 45 JL TR FIA% 5 RNG i JAR R A
P B D). TR I B A 4, 2005, 26(1): 66-68.

Xu Zhaohui, Wu Yulin, Chen Naixiang, et al. Journal of Engneering
Themophysics, 2005, 26(1): 66-68.

(2] B8 X PEHE, E 2 L RS AR E R S BT 2 4B 0T R = S
AW WP, 2009, 37(3): 24-27.

Huang Si, Deng Qingjian, Wang Hongjun. Fluid Machinery, 2009, 37(3):
24-27.

[3] Luo J Y, Issa R I, Gosman A D. Prediction of impeller-induced flows in
mixing vessels using multiple frames of referencelJ]. Institute of Chemical
Engineers Symposium Series, 1994, 140: 47-58.

[4] Wang Z ], Parthasarathy V. A fully automated Chimera methodology for
multiple moving body problems [J]. International Journal for Numerical
Methods in Fluids, 2000, 33(7): 919-938.

[5] Weatherill N P. Delaunay triangulation in computational fluid dynamies
[J]. Computers & Mathematics with Applications, 1992, 24 (5/6): 129 -
150.

6] Houzeaux G, Codina R. A finite element method for the solution of wtary
displacement pumps[J]. Computers & Fluids, 2007, 36(6): 667-679.

[7] s U8, A E e, I3 5. S 3l A% S AR U0 47 7 8 5% 7 TR HLIY
WA TSI BiRPLE, 2010, 38(1): 11-14.

Huang Si, Yang Guomang, Su Lijuan. Fluid Machinery, 2010, 38(1): 11—
14.

(8] XIHEEE, BRIF, Thi. £ T30 K655 U DF SR 0913 55 SR il )
KA HLEE AR, 2008, 50(2): 106-108.

Liu Huaping, Chen Fu, Ma Bo. Tutbine Technology, 2008, 50 (2): 106—
108.

(O] B 5. KT Fluent 1T 19 U5 19 2 25 017 FC K mT ARAL AR5 (T]. 2k 4%
AREHLIR, 2008(2): 53-55.

Bao Haitao. Manufacturing Technology & Machine Tool, 2008(2): 53-55.

[10] v 2, F A J7 ik, BB 05 B A 5 I 28008 A i R (), HEE AL
B TR 2441, 2010, 28(1): 63-67.

Gao Xiyan, Wang Yan, Fang Wu. Joumal of Draimage and Irngation
Machinery Engineering, 2010, 28(1): 63-67.

[11] X0, FE R, phai 4e, 5 PN ARBILET P9 2 2 2 ] = 2R 3l A5 9 A 2
A T BB 5 B 2 2E 4R, 2006, 18(4): 487-492.
Liu Jinwu, Gong Jinke, Zhong Zhihua, et al. Journal of Computer-Aided
Design & Computer Graphics, 2006, 18(4): 487-492.

[12] 5RAE R, B BE 4, 1 k. TE5 AU AR 1 U 1 ) 2 B AL ()], &

v T RE 24, 2010, 26(S2): 242-247.
Zhang Manlai, Liao Ruiquan, Feng Jin. Transactions of the Chinese
Society of Agricultural Engineering, 2010, 26(S2): 242-247.

[13] VLML, BREESF, £ —%5, 2 JL T 3 ROA% 4 290 J2 P9 30 U 2 S #5400
1. FARBLAL, 2007, 35(7): 20-24.

Jiang Fan, Chen Weiping, Wang Yijun, et al. Fluid Machinery, 2007,
35(7): 20-24.
(FEm:B Hia)



