20114E9 H Z?ikmd‘ﬂ'—??ﬁ Fa2EHEIW

WHREREENZERIBEERL"

X &

(M KZFKFIBL2E S TARZBE, M 225009)

[HEE] o 1B kA B 0 ) i 1 2 2 0 7K I PR )3 o AT, A DR K SR LA 1 2 238 4T, 78 W) 47K
TR HE T i 4 R im ., B CFD 3 X 15 -5 B 00 1] 37 1 57 256 8 PN AR sl A T BU(E A4, 31045
FAE PV =Yy s A, Ot TR B R RE &5 AR R A B IS 0 AN B EEE A T WA itk
TRAE Y T S S X SR B RE RS, T4 AR W T i A% 0] A K A T DR T T AT A
RBAY TR S IR R 93% R KRBT I TR 2L RS B RE R A, SRt TSRS B AR 68. 89% , AR AN
SN 418 7R S S B AR b B L AR T D iRl A R A RS T R K E N R R IR KR
B RTCIR S, PRI L 2 P SEE1T, FBcE /K i 1 D 0 70 T B4 R SRR 45 5, 8 e 8
PRGERE LA BB AR 5 e B M R T 25 SR A B U T 00 H iR S5 1A &

K, MMEEE JKRE =45z SR BUEER

FESES: TVI31.4 XERFRIAED: A X E4RS: 1000-1298(2011)09-0074-05

Numerical Simulation on Three Dimensional Flow in Two-way
Reversible Pumping System
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Abstract

In order to prevent and eliminate vortex and the vortex tube occurred in the suction passage of two-
way-reversible pumping system for the safe operation of the pump unit, an additional curved guide pier
was placed on the bottom of suction passage under pump mouth. By using the CFD software the numeric
simulation was made to obtain three-dimensional flow fields inside the pumping system with the additional
guide pier and predict the performance of the pumping system. Combined with the model test, this paper
focused on the velocity distribution of suction passage outlet, and its influences on the pump system
performance. Both the computation and the measurement results showed that the additional guide pier on
the bottom inside the suction passage did not effect on the velocity distribution of suction passage. The
velocity evenness of suction passage outlet reach 93% with guide pier, which can meet the needs of pump
operation. The performance of the pumping system was good and the high efficiency of the system at BEP
is 68. 89% . Experimental observations showed that the set of the guide pier could effectively prevent the
vortex generation under pump inlet, the vortices were not found within the suction passage under different
operation conditions. The pump ran smoothly without vibration. Comparing the calculated results with the
model test results of the outlet velocity distribution of the suction passage, both of them are similar in
overall structure and pump performance prediction at BEP is consistent with the test results.
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Fig. 1 Two-way pumping system
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Fig.2 Computedflow fields of pumping system
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Fig.3 Calculated results of velocity distribution at

section A —A (plane view)
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Fig.5 Performance curves of pumping system
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Fig.6 Measurement results of velocity distribution at

section A —A (plane view)

(a) BTN FHEITIRE 0,0/ Vo

(b) B FLHIIIEE 0, 0

() FEMIKF AL 0

N

P 7 2 1 U v Al ) 305 0 A = 2R ]

Fig.7 3D view of axial velocity calculated and measured

(a) ek v,/ Vg,

(b) MEEER v,/



78 P A R = 4

2011 4F

Bl 6 B ik B 45 R 3 W1, XUii) #E /K il o
AT AT N 5] o K 6a BYIRAS SR al J, il
[ v, A ERAENN, 0,0, BB
1.0 Zifq, B/ME D 0.9 Zeq, Wi it 2 45 2 J& 75
93% LA b, K 6b myi4h R A, D i i i o
v, BUEB BN, T IR IR, B 6¢ B R7K
AR FE A SRR AR ) K A AR/, BIVAR o it
(o AR IS U A RS L6 1Y), A B A2

R A AR B 252 25 B A A RE AT L A2, R FH XL )
PEACHE A A EAERE AR L R, S 0% AL BEP
4 68.89% .,

4 #Hit

(1) A B RAUARAT 1 X a) I 18 525 B N Y

T, 45 R AR WAL ) 1 K 3 3 A [ K T —
B KA RAF, 50 0 i 25 2R A S, BEAS
LKA IB AT R IRAS B R KR A3 B PR RE R4
HAERE 68.89%

(2)) X fi) JE /K YEIE H WD (AR E ) B3
P ATEE) R E Y S B IR E] 93% , Al LARIEK 5
BAT TSR A KGR A . A o L i, i) ik
K IEAE I AT I B 1) R K E , R
BERF AR

(3) M ESAEAREABL 4 3L T A 355 40 2R A 119
LB A A R IR, — B B — B0 B A
AR B ERE ARSI 2 RUPERELE BEP =ZiX 1L
BT, PR EAE DL 77 32 0 XLl e
AR BT R REFTIN A SR RSB

Z % x #t

XU, KA RORAEEE[ M. JE5T o E KRR Rk, 2009.

2 XU, BN G0 A R R U E AR B[] ALK AR, 2001 ,32(1) : 49 ~51.
Liu Chao, Zhou Jiren, Tang Fangping, et al. Study on a low-lift and two-way pumping system [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2001, 32(1): 49 ~51. (in Chinese)

3 . B Y K B ARSI [ T]. LR EBE R, 1985 (4) 29 ~ 12.

Liu Chao. A new type suction casing for two-direction pumping installation [ J]. Journal of Jiangsu Agricultural College,

1985(4): 9 ~12. (in Chinese)

4 JEHTEN R RS, AF. KA AR RO K IR IE [ )], N R AR SRR, 1999,2(4) <79 ~ 82.
Zhou Jiren, Liu Chao, Yuan Jiabo, et al. Model test on the two-way suction box of large pumping station[ J]. Journal of

Yangzhou University; Natural Science Edition, 1999,2(4) :79 ~82. (in Chinese)

5 Chen Hongxun, Guo Jiahong. Numerical simulation of 3-D turbulent flow in the multi-intakes sump of the pump station[ J].

Journal of Hydrodynamics, 2007,19(1) ;42 ~47.

6 L XUEE TN A ORI IRl X K Gl = AEZ AU AU ) ] RO LE R, 2004 ,35(3) 161 ~ 64.

Cheng Li, Liu Chao, Zhou Jiren, et al. Numerical simulation of three-dimensional flow inside suction box of reversible

pumping station[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2004, 35(3) :61 ~64. (in Chinese)

7 L, KU AT AE. BT RNG fi PR 4 U S K WS 5 [T]. AKBAERE ,2004,15(1) 109 ~ 112.
Cheng Li, Liu Chao, Zhou Jiren, et al. Numerical simulation of flow in the outlet passages of reversible pumping station by
RNG k — & turbulent model with wall function law [ J]. Advances Water Science, 2004, 15(1): 109 ~112. (in Chinese)

8 e, X 5. AT SR A E NI S BRI [T ] HEREPLAR T4 ,2010,28(2) 1155 ~ 159.

Jin Yan, Liu Chao, Tang Fangping. Numerical simulation of internal flow of tubular pump system [ J]. Journal of Drainage

and Irrigation Machinery Engineering, 2010, 28(2) :155 ~159. (iin Chinese)

9 Constantinescu G. Numerical model for simulation of pump-intake flow and vortices [ J]. Journal of Hydraulic Engineering,

1998, 124(2): 123 ~134.

(E#¥E 84 1)
10 Smagorinsky J. General circulation experiments with the primitive equations — I : the basic experiment [ J]. Monthly

Weather Review, 1963, 91(3): 99 ~ 164.

11 Lilly D K. A proposed modification of the Germano subgrid scale closure model [ J]. Physics of Fluids, 1992, 4(3) : 633 ~

635.

12 B gkei, TARE WS T RBERAEEIT )], TR S%%,2006,23(2) : 47 ~51.
Wang Bing, Zhang Huiqiang, Wang Xilin. On subgrid scale turbulence characteristics [ J]. Engineering Mechanics,2006,

23(2): 47 ~51. (in Chinese)



