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Numerical Simulation of 3 — D Turbulent Flow Fields
through Double-channel Passage Impeller
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Abstract

The internal flow in impeller and volute of QW950 — 15 — 55 double-channel passage pump was
investigated. Based on the Reynolds-averaging N — S equations and standard 2 — e two-equation
turbulent model, the simulations of turbulent flow between impellers are performed by using the flow
computing software Fluent under different operating conditions. Important flow features were
obtained. With the computing result, the distribution of velocity and pressure in the impeller was
analyzed. The pressure and velocity distribution in impeller are similar to those in general centrifugal
pump. Obvious asymmetry of flow field was observed in impeller in case of large flow operating
condition. The internal flow in impeller is mixed spiral flow and the vortex core resulted by relative
eddy is close to the back blind flange and pressured side. The circumferential distribution of pressure
and absolute velocity at the outlet of impeller is periodic, which is corresponding to the periodicity of
the passages of impeller. The asymmetry of pressure is relatively weak but that of velocity is strong.
Comparing the data of efficiency with the head produced by experiment and CFD, the result mainly
tallies.
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Fig.4 Contour of relative velocity in the impeller

3 Fh LOUHRAT FEa -5 S 4 44 B, AN [ A 2/
PO IRVUR(< o Y sl TR %l BV Ve ¢ RN il €2 TN
MAEBCE T AU o0, Rl 45 4430 Fl e
ZWN e KRR TOL, i BRI SR A5 i e
B, 2 AN JiE N IR A IR A XK. B4 1
HHC RTINS, SRR — JFE 300 45 4 1 Rl < RS A ) U
EAH K, AT — BT

/N T OCAE AR PAATTE H IR [ i 2
N2 47 RUNES ST RV I I 37 7 S S UM A R
T H T B T g A4 (1A S — il o

1T e R R T, SO IE 48 2 S URE 3
SHITOAPAE . fE/NfE MBI T, bR 7%
LT A AL, 2 A RIE RS FEAS FRXFRAY, H.
AN T OUHE AR FR . ARSI W Fe ot AL, 2 AN
AE A A DX, Ak e B o BRSSPI, A
X S B S e T — AU X A BRI R
PO, 2 N RE R RS AN BRI
TR DAl o DO o G (B RSN

N B T B0 WL A RO A AL, PR SR
ik X SHEAUL AR A RE TS 1.



F1H

R A ORI TS /K A A AP = 2 i L UL 30 A A AL 67

3.3 HHEAER

MARXT 1B B 2 i Bk vl LA ), A48 A H
TEUE W LA Ty Sk AIE TR Oy A7 ik 2
VLI 3 B RN IE , WO 3 B 2 MBS SRR R
T3 T P 43 B AL, VT PR T e AR AR SRy e K, THE i
W, I ) i S5 AR R Hs N e e L 38 O T R T RE AR
K o XU SCER[ 4~ 5 T Ut iR G IR e . M
TR I A A R R G R B R R N
T3 2t 90/ N, e 27 2 B 3 M 3K 10 ) >4 et 14 o
BF, DI R i, il 1) I 30 A A AR A2 55, 17 3
SN IE A A o

48 A R i R IR I an 18] 5 iR, i
5B PN ) JL S AR A A0k il 1 e W Bl S S TR
HE N o R AATE 53U T 1) o At 1) JE 30 26 4 7 oz fif
iz, P, P A AR |l e e A A R AR R
T A B /N, AN 5 T J @ 10 5 >4 Tk it Vsl NS TE 4
P o A5 iia Hh 51 3 52 B BEAS: , 3802 52 31 52 M) 177 ok
ZIN, V)t ) T T A T 8L B JE B iR . X RO,
AL T Pl v P T AR R I AR K
FUE kAR 22, H - T L I T8 2 e R b B
HRA Hh AR Lt Bl /N R 3 , A5 AT RE S5 E s/
S e T TP 18 S M T A Y YR B iR AL 2%, DT
P e MR

(a) (b) (©

P 5 i P DRt e JE 10 5 RS 1 3 I
Fig.5 Swirl resulted by relative eddy in impeller
(a) Q=0.48Q, (b)) Q=Q. () Q=1.28Q,

ft e g 1 O R YA PP AT A T LA R A R B
B KIS B AS B A i AL L A AR D SRS e L B
et DR N R Y TS s < N R = s v
EEVNS RV NRPIS eI e Db RER A 3
OYEEHEN 2 ASRIFRIIE , 0] N RIE H AL IE Bl 7B
HH I PR ST B 1T AL P BB K, A BE 1T B TS i
TRERIE . /AR BT T OLHT 2 AR IEA S i
FERXSAR, 52 e AR Sl R AR /IS, ELOL B 1] )5
AR AT o st sy, Vi il N , R R 0 o
R 0 I A A L YA P BT b 1) e e LA
P iz B 2 A TE H 5 SRR RO, AR I D
ZINESE 1) i ) R TR A0 TR Ak L e
ol 2] 3 PO B A, BT I e AR A,
S fih 21 I BE T T 95 2K

AT 25

Elo magRhmmE P mE ks
Fig.6 Axial plane profile & plate plane and vortex

core of impeller

TCE IR ) S (2R & AR O SR
BAE A —E M7 ko T 00 A A X B AR
JIN VB IR T 1 5 50 1 TUART 28548, 4R I R AiE
PERISS T DG . TIE 43 25 40 52 e B s 434 J5 1ol
T PR 114 M 0 D0 552 e 20 g 1 JE 30 119 0 A 3 A o

EAEASAR 28 ST AR 3], A6 s 40 B A, R
TR R A5 (A 6 K 0 19 23 A L A, v BB
SRR Fe e b, B IX SR — e e A, S e
TLE ) F AL Ty 1 R A R R e A
ML Rt — R o i HLH 2 A 55 I ol b 4R
TR R KIS
3.4 ENFEENEEEMHE@SH

Bl7 20 3R TOLF, rh4e s F AR s LB 4
Xof SV I () A o v R A R RO L 1) £
¢ KRR EANE 1 R, B e O vE R,

P 7 B 7S (A S T 40 X R 0 1) 1 8 3
B A I, R AR KB, 2 A 32 B 0 11
A7 X IO P P 9 T TR AL, — YR U e A
IO A TR T BT o U B LT A 1 5 e 254 1
SR T R T 0 A XoF A 2 A A S
A T Hh R VR A RR

MR, 1) U SRR B VRl 1) AR fE AR X 3/
246 %o 38 1 38 0 R Al ) A8 AR U 4 K o I
SR R SR R 1 ) Y8 B I R i O A 1 8 o
ARG . /N 0 s, Bl o8 Ak 1) O S i 3 L B 3
TE S FRERR /)N, FE AN St VR B T R
PR, 0 20 B AEDG A 0N , VR P AR X855 o

I 7 255 0T LUE M5S0 R 1) 8 7K
T sh SRR B A AS B A P A = 4 KR AR, T LA
W SRR AE 43R 2, 3K R 2 A Bl B4 I A R
KRR S8 S
3.5 WiEsE SR T

FIUR B E SR, v A3 11 A TR
QWO950 — 15 = 55 AR 15 7K 2 (1) 47 7 R % 1
M. B8 WA S0, A E . Hh B AT A
AU S R R A — 3, ] B A A 5 R



68 P

RN I G

20009 4

0 ) 80 270 360 0 90
Fmflie /(%)

i/ MPa

180 270 360 0 90 180 270 360
Fmfie/(%)

0 90 180 270 360 0 90
JA /(%)

180 270 360 0 90 180 270 360
JE 1 /() Fmfe /(%)
(b)

180 270 360 0 90 180 270 360

0 90 180 270 360 0 9
JEwmfd /()

Jm e /()

Fifad /(%)
(©)

7 WA TR T T R EE ) A 1 53 A

Fig.7 Circum distribution of pressure and velocity at outlet of impeller

(a) Q=0.48Q,,
[ N R o2 ey 5 NN
6 LB sl g O, 7T AR R 3T
24
H
20 100
R = = 980
E 3 =
=12 60 =
S —— il ®
X ®
§ 7 —o— itk 0=
4 20
0
0 214 428 642 856 1070 1284

ikt O/ mioh
(SIS RS S VAR DU
Fig.8 Comparision of the data from experiment and CFD

4 #Hig

(1) fEM 5 e i A v, 2 A UE A 7K R AE S
TAEFR N BB A XK NIRIE RSy, Bt T00
/N TR 3L Bl B AR X PR 5 i i T80, DUl A
BAXFR. BEMIERURE O, Wa5c | Fe il & X i
BTWERER.

(2) T A1 e oA 5 I 2 0 R A (LA
USRI Rl —2FARA4L , B Ty i ) s A7 i T
TP I 7 AT B O ) R i T A (L A X i
TR TR REAE D/ , DTG [R]— AR AL, W T 1 5

(b) Q=Qqn (c) Q=1.28Q,,

JE 77 T8 0 R A6 B RS

(3) /N Tk 1 5 ), R 3l — S i 45 A
FEIZEY™ R, AE B T T o0 A R i & T 00, Bl — 5 i
SERVE AR Z 98N o K i T, i B R -
ST AR B Y B

(4) MACPIRR TS IR IR IE R . HARERE B
I F A e A IR ARV R S5 o 48l ) e
VRSN , SRR B K 5 X B A PR A, SRR /N

(5) PRIty g 1o 7 | A 1) ik oA i i A% 53 A
T 5 SRR . LI R, R A B

(6) MEUIEL RS0 25 SR T AR 2R 3, 76 i 18 50
I, H 7 FIRE X 3 B S (B 2 R 7 1) 4 A LA R, =5
BE 5 AR A LU P, P XS — e e A
A aE B SGEL T A AR R, Ho
H AL AIFLEA A i — 22400 . i HH A A W]
TR TR IR R X

(7) W5 T A TR L e A X e R 9 )
G3AT S B S AR RS S o R PR AE 5 i
JESIPE R A AR XS W o 9 5 B A X s S B A R
M), A6 K 00, I TV P o

(8) T JA] ] 43 A (18 il o] AN % R PR AR X 38708
T 268 % 3 D 45K (#4555 T)



%1 ST A AT R Kl T LAy 25 B 4t 55

5 £ X #
1 XU, KRR M. JEaT BhA R SRR AL, 2003:144~150.
2 Iversen HW, Berkeley C. Studies of submergence requirements of high-specific-speed pumps[ ]]. Transactions of American
Society of Mechanical Engineers, 1953(75):635~641.
3 Denny D F. An experimental study of air-entraining vortices in pump sumps[ C] // IMechE. Proceedings of Institute of
Mechanism Engineering, London: IMechE, 1956, 170(2): 106~116.
4  Padmanabhan M, Hecker G E. Scale effects in pump sump models [J]. Journal of Hydraulic Engineering, ASCE, 1984,
110(11): 1540~1 556.
5 Constantinescu G, Patel V C, Ansar M, et al, Numerical-simulation code for pump-bay design[ C]// ASME. ASME Power,
New York: ASME, 1997(32):221~224.
6 Li Yong, Wu Yulin, Mansa Kante, et al . The flow research in an open type sump by PIV experiments[ C] // ASME
Proceedings of ASME Heat Transfer/Fluids Engineering Summer Conference, New York: ASME,2004.
7 Liu Chao, Li Daliang, Zhou Jiren, et al. Application of 3D-PIV to the flow measurements in pump sump[C] // ASME.
Proceedings of 5th Joint ASME/JSME Fluids Engineering Conference, New York: ASME,2007.
8 Matahel Ansar, Tatsuaki Nakato. Experimental study of 3D pump intake flows with and without cross flow[]]. Journal of
Hydraulic Engineering, 2001,127(10) :825~—834.
9 Paterson I S. The design of pump intakes[J]. Pumps, 1971(55):172~176.
10 U.S. Army Corps of Engineers. Hydraulic design guidance for rectangular sumps of small pumping stations with vertical
pumps and pounded approaches[ R]. Engineering Technology Letter No. 1110-2-313, Washington, D.C. 1988.
11 BRSGK, Eig, XU, 55 Al T MG AR R AT TE [ ]. TR E B4, 1989,10(2):47~52.
Qian Yida, Yan Dengfeng, Liu Chao, et al. The experimental research on the sump of pumping station[]]. Journal of
Jiangsu Agricultural College, 1989, 10(2):47~52. (in Chinese)
12 Prosser M J. The hydraulic design of pump sumps and intakes [ M]. Cranficld: British Hydromechanic Rescarch
Association, 1977.
13 B, X0 B, 48 FEuE KB AL B AR BT (1], KEHAR, 2007(3):39~42.
Cheng Li, Liu Chao, Xue Jian, et al. Study on objective function of optimum design for passage of pumping station[]].
Pump Technology, 2007(3):39~42. (in Chinese)
14 &0 . N-SHBRMEEME R LM]. FEot R i, 1989:15~25.
15 Yakhot V,Orszag S A. Renormalization group analysis of turbulencel, basic theory[]]. Journal of Scientific Computing,
1986,1(1): 3~5.
(#5868 W)
5 £ X #
1 BESCE . BUEMEAEIM]. 2 BT P62 V9238 R R A, 2001
2 Ao, P RNESE. BLOZEMAR N L =4 i EERHU ) ] R4z ,2004,35(6) : 72~74,89.
Li Long, Wang Ze, Xu Feng, et al. Simulation of 3-D turbulent flow inside centrifugal pump impellers at varying conditions
[]] Transactions of the Chinese Society for Agricultural Machinery, 2004,35(6):72~74,89. (in Chinese)
3 XUEAR, A, WP, . BURIE I 5 A I R ) ] Al T2 4R ,2002,18(2) :9~12.
Liu Houlin, Yuan Shougi, Shi Weidong, et al. Numerical simulation for incompressible turbulent flow in impellers of double-
channel pumps[]J]. Transactions of the Chinese Society of Agricultural Engineering, 2002,18(2):9~12. (in Chinese)
4 TEPRY, R A RAGNFIR T FREELT ] AU, 1996,27(2) :60~65.
Yan Qingfu, Ma Suxia, Li Zhiqin. Fluid dynamic characteristics of pump system[]]. Transactions of the Chinese Society for
Agricultural Machinery, 1996,27(2):60~65. (in Chinese)
5 Fernandez J, Blanco E, Santolaria C, et al. A numerical analysis of a mix flow pump[ C] // Proceeding of ASMEFEDSM’

02, 2002 ASME Joint U. S-European Fluids Engineering Conference,2002:791 ~798.



