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Influences of radial clearance between impeller and diffuser on flow field
in side chambers of multistage centrifugal pump

PANG Qinglong , JIANG Xiaoping™ , ZHU Jiawei, WU Guogiao, WANG Xinwei, WANG Li
(National Research Center of Pumps, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract; To understand the influence of radial clearance between impeller and diffuser on flow field
in two side chambers and optimize hydraulic performance even better, a cantilevered multistage centri-
fugal pump was selected as a study model. The flow fields in the pump side chambers were analyzed
based on combination of computational fluid dynamics ( CFD) method and experimental measurement.
The numerically predicted performance with the standard k- turbulence model showed good agreement
with the experimental data, demonstrating that CFD method can replace experimental approach in ana-
lysis of the flow field in the pump. Three radial clearances designed and the fluid tangential velocity dis-
tribution as well as pressure fluctuation in the two side chambers were compared. The results show that

the dimensionless tangential velocity in the front side chamber increases with reducing radius observed,
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and the fluid rotational angular velocity can exceed the impeller rotational angular speed, but the di-

mensionless tangential velocity decreases with reducing radius in the rear side chamber essentially. The

pressure fluctuations in the radial gap and impeller exit are mainly with a frequency in the range of 0—

1 680 Hz, and the dominant pressure fluctuations occur at diffuser blade passing frequency. The ampli-

tude of pressure fluctuations with the dominant frequency decreases progressively from the first stage to

the last stage. The pressure fluctuation in the radial gap is also affected by the number of impeller blades.

The secondary dominant pressure fluctuations appear at impeller blade passing frequency, and the pres-

sure fluctuations also exist at the other multiplications of impeller blade passing frequency.

Key words: cantilever multistage centrifugal pump ;pump chamber ;rotor—stator interaction;

pressure fluctuation ; tangential velocity
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Fig.1  Axial cross-sectional drawing of cantilevered
multistage centrifugal pump
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Fig.2  Fluid domain of three-stage centrifugal pump
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Fig.3 Typical mesh patterns in fluid domain
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Tab.1 Mesh information
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Fig.5 Impeller outlet configuration
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Tab.3  Comparison of hydraulic performance
with different schemes
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BESKIINVEERIFESE L RS /E IR LR
RFREHIE H, 5RE I Hy, X2t T KR
PE B A B G e B AR, #E C e B4,
TE B PR A b BE AR /D e T AL
G RBMAR LA B+ 33830, £ IJ7 58 v 22 {H iy
R, IBFN0.17 m, J7 5 i 22 fE A/, £ 0.05 m; J5
R-BETEBAVRENES, SRR T

11.59%, A R ERK, LR 8050k
12.65% ,10.62% ,11.31% , 3% & 1 F s /h T e 5
S Bl A AL I BRI TR B, ShE AR A T
5 T R IR T B R A/MER S, SRS T
1.48% , A B R 2RI, PRI 1 3 4 2.39%,
0.23%,1.67% FH T I & —, & =t J i B Ak 2
ZHREOREM N SZIE N — UK S TR T 2
P AR5 S Bl I X (R BE, BI AT LAYRSS
EHTAER], RIS SR ET S SRR AR AR REAE T
T MR K e AT i, AT AR UEZK R 1 8 5 B 9 2R
BIHFPE R Z  RPORZ IR B A = b X AT g2
SRR IR N W n B = & A
ERER M, Y E 32 BIPR G 58T e 1Y) 5 ), g i
R fem , T LA RS e /b s 7 S —BOR B R T &
TR 1.20% , 528 — T W 1.35% , —FAHEARK.
2.3 REZEREXTEE

R B R b B W 0 N R AR B TR
BE TR S L, g7 AR W U, mH e R
iR 109 R —Bf ) 20 115 6 1l 3t 2 160 25, 1k
SIORSBEI R 107 Fe R AR A B8 20, ASE 0%
J SRR G2, A3 AT S5 2 B T U0 1) s B Al 1)
J5 T B AR AR R 3R A R B r=0.9R ,0.7R ,0.5R(R H
FEREAR ) A0 B A W ] ) 3R B, I X ) ) RV
AT R A — Ak Z s v i 40— ] 1) 3 ) S R
I R A TG 5 7 T 55 IR T 2 o B ) LU

V=v./(wr), (1)
w=21n/60, (2)

Ao, IR ST )R s 0 SR AR s Ry DR
(A S KT

K6 Ry 3 Fhor R4 X B oA, Ferp A2
A, AR G . T AR 2R 0 EH T
S AEAE (A5 2 1 P KO 2 0 AR 1 A 3D A A
L, R X R 3 A S X R M &5 T R rh AR R
1 A2b i Yo 338 88 A A, T2 s 6 o) 3ok B AR b s T
TS J5 2 s 248 %o R B AV A28 AR T X5 O 8 — 4k
A AR, AT E 7 B I s ZE AL L,
AT e T2 TR R 4 38 /IN IR T 3l v Y
AN S G Riks R X L) | D= S S a2
TIRAFAAE, T R E P sh ZZ AL IR R, B
TSR A5 I 58— B, SR I 11 67 A T R
BITRE—APRN E RS TR TR,

Bl 7 S 3 7 S0 e 2R 1 U0 1 B Tl ) 14
XA AAE L, R A b Z o 32705 1l % 1 D0 338 o5
] o7 B E e AR5 A T a5 A B P AR X, 2, /o

583 |



el

HEREHLHK T 741t

o5 37 &

J 2R T b 1) 37 A PR i A e AR ] Y

12.00
10.29

~ 857
= 6.86
& 514
=343

171
0

(OYVES

HI Pl 7a AT LU H < 78 58 1 A7 e Y0 1) T Vi il

Rl o7 AR AU AR B B i s A% 0 1K, 3 B R R 9R ks
g 40— Y1) [r] 0L I I SR 67 AR s R R
ST B RV 1 T 7 o o0 2 000 o s o7
FERU/IN TS 5 FE R A% O X H, 0.9R AR &
b A — Y] HEE K (0.6~0.7) w,0.7R 42840 Ab
H5(0.7~0.8) w, B 17 B BT 0.5R 4847
B R ZE 11w 2247, 302 TR O R AR
AR A BT 380, 2 3 B o AR v, VRO AE i i
SRR B B, TR R ZZ WPE T, B AR B K
o R DCIRAATE [ 2 42 67 B /N B AKX 38 Bl i 72 v
FELE— AR, T LA YI) w3 B 4~ A
/NI K, 7E 0.5R A8 B Ab AR e R4 ff o i

SRR AS

OP:E =
6 AN 5 i 2 0ok 3 BE 4 A

Fig.6  Absolute velocity distribution with different schemes
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