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Unsteady Flow Characteristics of Tip Clearance in Semi-open
Impeller Centrifugal Pump

LU Jinling GUO Lei WANG Like WANG Wei GUO Pengcheng LUO Xinggi
(Faculty of Water Resources and Hydroeleciric Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract; Transient pulsation of tip leakage vortex is an important factor for flow instability and stall of
centrifugal impeller. To get an insight into the unsteady flow characteristics in the tip region of a semi-
open centrifugal pump, the SST £ —w two-equation model was used to solve the N —S equation. And the
fast Fourier transform (FFT) was used to transform the time domain value of vorticity of each monitoring
point into frequency domain value, so as to monitor the frequency domain characteristics. The correlation
mechanism between the leakage vortex trajectory and the blade loading was studied and the spectral
characteristics of the leakage vortex were analyzed. The results showed that the angle 6 between the
leaking vortex core and the blade bone line was changed periodically with the tip blade loading. The
leakage flow accelerated the flow separation at the tip, forming a vortex tube extending from the tip blade
surface to the shroud. At 0.75Q,, the 0.51f, in the tip region was the main disturbance signal, which
was closely related with the secondary leakage and the unsteady pulsation of the vortex tube. As the flow
rate decreased, the disturbance frequency was changed, and the tip leakage vortex crushing position was
moved toward the leading edge of the blade. Under the near-stall operating points, the unsteady
fluctuation of the leakage flow was aggravated by the pulsation and shedding of the vortex tube, and the
tip leakage vortex crushing position was extended to the leading edge of the blade. The unsteady
characteristics of the tip leakage flow of the semi-open centrifugal pump were researched, which provided
a theoretical basis for the optimal design of the semi-open impeller and the capture of stall signal.

Key words: semi-open centrifugal pump; tip leakage vortex; secondary leakage; spectrum analysis
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Tab.1 Basic parameters of impeller

S8 K fE
it 0,/ (m*h ™) 144
- T3 ] Bt B/ mm 1
Mg Z 5
53 n/(remin ') 2980
L5 n, 74. 45
P EA% D /mm 121.5
B0 ER D,/mm 265
Rt A S8R by /mm 18.02
W T By /(0 18
M A B/ (°) 30
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Fig. 1  Pump impeller and computational grids
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1.2 HERVSHREH

FIF SST k — w B RIRE 2 FF 2850 R AT T &
T P BEA L, AT — M k- e BIAL, SST
k— o BRIXT T30 BE X[ H I 2l 0 A LR B T
LB R Tz o W T3 e R 2 O e R BE TE R A
H 3 8l , B, AR SCIT 3k 1 SST k — o 15575 BE 6% 1
Ty b, 3 B2 b TR () DX 30 O Bh AR k. X SST
k— B 7 3 BE X AR B B0 s,y A R
BRI 2ok . B0k il R4 2 R
101,325 kPa, H 1131 A 45 1 45 5 T & 3 &, [
P ] A R T 1R A TG RS i AR 0, 6 I R A
V) 2R FH B b B R AT B W, B0 S I I S A 4

2.0x10° 4.0x10°

2.0x10° 4.0x10°

DASE BT 45 2R O W) 06 A 1R MR e R 40—
AW B, — K 2.2 x 10 70 s, — AN J 0 %
90 %,

2 EHRE5HM

2.1 ShiFiE

A SCEE 5 BT I SST k — 0 BRI 712
IO P T 2 U A 5% - Tt e A v ) (LD B, L
SRRV G R CH22 I T SST k- w
R0 55 3 45 2R, e B T s A 0 L5 s T
R = W) 45 o SCHRL 23 ] #E B0 M- Fe R A SST
PP 5 AR A TR0 T O 908 194 30 3 R R AT T e i, 5
B A RANAT o SCHR[24 - 25 J AR A SST & — o 2
TUAT e 2 1 80 5 Q3 T T 0 i A R
L, SST b — o BB B T30 45 R0 it s s i B30 2 A
AT S R

N T B UEAR YR 25 SR 1) HE 7 R SST £~ 0
TR T T B WU 8 0 A 5 65 ) BT 5
Bl 3a 25 T B0 0 A 5 BRI R S
X AT EBGHRE TR R R
1% RN 0.5% /DT Bt S
RS IEIN T T B IR 2 R
N IR (5 BRSO . ol T s D AR
BB 2 LA K Bl 5 ot O , 325 2 X 6 {0 W R A fEL T
B MRS R SST k— w BRI B0 A 0 7
KRR REOE R AT 510 — B 45 2R . ASCRA

(b) 2F G LMAR
&3 AhhpEdlik

Fig.3 Characteristic curves
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Fig. 12 Spectral characteristics of tip region for different operating points
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