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Abstract

In order to research pressure fluctuation of unsteady flow in screw-type centrifugal pump with small
blade, three-dimensional unsteady flow field of the pump was simulated numerically to the screw-type
centrifugal pump with and without small blade based on Navier — Stokes equations and k — & turbulent
model. Pressure fluctuations in the outlet of pump and in the volute were obtained at different flow rates.
The analysis results indicated that the pressure wave in the pump was always periodic in the two models,
and impeller blade passing frequency was the dominant frequency. Compared with the result of single
blade at different flow rates, the period decreased to half, and the amplitudes of pressure fluctuations in
the pump was smaller, the high-frequency components were also fewer. The analysis results indicate that
the adding of small blade in impeller of screw-type centrifugal pump with single blade can not only
decrease the pressure fluctuation of unsteady flow in the pump, but also decrease oscillations in volute.

Key words  Screw-type centrifugal pump, Small blade, Pressure fluctuation, Characteristic

analysis

5| 1R B AT ARG RE A R 1 BB A
W TUAR A B B B AR 1 A 5
RE O SR — PP OCIE FE R RS GEE H RGR T AN R B R I, SRR I S 233 v A B
B3 R PEREAF OB B 2R RO, O TR RAFROTE RESINAE 5 0 R X AR A 180° B i b, R
SEIEVERE R Z RN Bt B R R s A A AR 2 A B 0 A Y R AT

i

R H: 2011 —11-15 f&E HH. 2011 -11-21
w [ AT AR I 4 W B I H (50825902 ) FIVL IR AL H SRR & 0F 5% 9% B35 H (09KJB570001 )
TEEE N ZAERL R, A S, E2AF R ARPUR S HEE VLTS, E-mail : shouqiy@ ujs. edu. cn



84 & Ak HLOM 4R

20124

T ZMRABEGE T A0y T U8 B 0 5 01 R 7k
P X BTN R BT T8 A B /N R s T ik
Bl 7R I 5 0 R DL AR . AR SCAE R AL R XA
PR RO oy i M e Bt i JE Al L, DA 1S s o O
A BT Oy 48 oh i AR 7 R EA T RSO

(] A A2 3 ok 25 Ao = AL 2 U 3 s Bk 3l
(IBF ST B 2B R BT o AR SCRL BT A i 4 11 48R
T8 5 4 R RNAT /NI ik A ) R R R O X R, R
FIRRUER b — & BB HEREAT = 4 W RUERIY
R /N MBI R (1 25 00 A2 11 g 5 H D
L 8558 AR 1 7 Tk sl e

1 HEEREEHETERE

L1 HEER

B AR RN B 1a BTN o TR R Y %
ST R Q=200 m*/h, ¥ it F H=32m, %
FE G n = 1450 v/min, MR AR 0H4E, 0
B R D, =400 mm , M H A 58N b, =82 mm , I
Fafa i @ =640°,

(a) (b)

K1 g =4E
Fig.1 3-D modeling of impeller
(a) Bmbjrafdg (b)) /Rt

A SR I /N i e DA (] i R A [m] 4 £ 1Y
1S B/ R J7 S8 b P et ok, M 1T 5 A I R
FIEL 180X FR A B, /N B MRk o 2359, i 12
A R O SR D RS R S EA T R R
O, A5 E b frs .
1.2 HETEAFZE

K I TCEM 354 of 55 70 4 47 i b 24 3] DY T 44
TR A WA 15 3 LR 5 15 0 20 i v e s A 2 1 1Y)
F& Bk 937 188 1 113 183, 435Il 5 A ANSYS
CFX12- 13K fif & , R AR UE |k — & BEAY X i A7 78 o
FE G WAL K A, [A) I R i 1% 22 J7 B AN 3l iy R
HE S SR e Ok SR HE CVRT A R H
EXKIETI NS T o B SR TE 25 0 5 S R A5 Y
AR SR 5r BUE F R 2 ARG TE2 S
& M5 % A R R A Transient Rotor-stator #5304 41)
JHE Bt - A R 1k 0 58 2 TA) R 5 O &R K BE T
oA i A MR AR 304 — NI A R

AP
A= 180Tl (1)

i) 45 K 24 0. 000 344 8 s, 18 ik FE mH 4 HERE 6 4
A, B AT A JRL IO A B 120 AN i) 25, S B g [a]
0.248 3 s JFEE LA IR E W I 4 A R B 45 SR AE
R RAE R G2, VB 51 R T I B T 7 A8 A 50a | sk
ZHCH S5 x107°,
1.3 BNAMSHELE

]2 Sy B AR ep W A5 0 A 1], PL ~ P4 Sl
iy e v (B ) 1 389 A 1 A A O R 1 T T 43 i R
Pi Py Py Py ) BB R 90°, DU 3 DA b A0 B 19 A
5 B3 P9 SRR AT R TR T Bk 8l 4y M o S T X EE
PN BB e g Bk gl 4, 4 /N it e g A5 28 v s
S B  R RE A E e—3

2 Hﬁ;ﬂﬂ,ﬁﬁ?ﬁ[@

Fig.2 Location of the investigated nodal points

2 SMEREETI

SBURICIEREYea e AL W Ik AN W NibE 9
BL R R MACR IR 0.50.0.750.0.1. 250
TS HEAT M, I 5 S 80 B 2R AT X b, A R A
3. B AT LAF B Fr R g 0 A
T A5 i 225 SR PR 52 36 6 W) & B0, o 1 7R
5L SOL(EL EE 52 36 6 i 4K, Bt R A R A 22 2 m
TH R 28R A YA L S 5 R 5 0. 7% o T L
LB T L R o A T TR A A R SRR
TR R AL B W P o R X LA N i et

60 1 80

1 60
40 1
X
40 ~
=~

| —— R SHARBL —e— iR SRl
—— MR % SRR SR | 5,
L R o IPARRSER |

H/m

20

0 150 200 250
Q /m3-h!

B3 FEPERERS L Hh £k

Fig.3 Comparison of the performance curves of pumps



330

A AN B 0 R T g K Sl R v 3 A 85

F B e R DL T LA K B, by TN RN I A
YEINAE Lk 4 A T 00N 4 2 39 A 32 71, BORAE /D
PR T l R T A P = o
[E SN 1R E 2PN N & ) A =SS R 1 2 B
VRIS T 5 T A1 R O e A R
e —.

3 HEERSESW

HT T I R 8RS T LA B e 2 3 4 5 e L R A
Sl 0, A B0 2 N TR B B E W TR
SR . X PR Bl AR 51 I 09 1R D Bk 8l 7E it
Fr bR — A S AR R T A R R AR AR Bl Ok —
AGLEMEF . T IRAT A N T ) Bk 3l i A

B 7E B IR RIS A H AR SR 0.750Q .0 .1.25Q
T R ) BSR4 T A3
3.1 FRHEOKIEHRKESH

4 kg Bt By R /N R R E S0 A R 5T
F Ak B 7 ok 2l i 3181 . f T 4 R R AE A [R]
IR e OE e R NEp € ) B e I A N
RS Ak ok Bl A 9 O R e e S bk Bl A 8 R —
A B A TLOLT Bk sh B IR AR R T B POt E T i
FHEE M 27 663 Pa F[&F] 16 512 Pa, 7£ 1. 250 T4
TR REEE S B UGB R AT DA R S B
LE Y AN S S DR &) P i N AN e (DB
1 7 ik 3 2% A4 ] 109 0 s {56 4 A [, o ik B T Ut
AN R BT O SR BB A G B

600 600 600
£ S &
= 400 £ 400 = 400
5 8 ]
200 - - 200 : : 200 A
0.08 0.16 0.24 0.08 0.16 0.24 0.08 0.16 0.24
t/s t/s t/s
() (b) ©
600 600 600
& 400 £ 400 £ 400
S ] B
2 : 200 . .
0508 0.16 0.24 2006708 0.16 0.24 0.08 0.16 0.24
t/s t/s t/s
(d © ®

[ 4 AN [) B0 B R RS /N R I T R A
Fig.4 Pump outlet static pressure fluctuations with and without small blade under different running conditions

(a) B0FF,0.750  (b) MBHA,Q  (c) BFA,1.250  (d) ABEA,0.750 (&) AIFF,Q (D) AIFH,1.250

i I A B (FRT) 228 46 45 1) 50 v 7 FE /N
1R B E 25 0 2 W 7 1T AR Y T T bk 2l A SR 2
5 FraR B A 1 g ok 3 de K R A S BT
SR AL (RN A5 24 Hz) 35 /N i R A SR5E 25 .00 28 B
th 1 7 19k 2l doe R W (Lt BRAE AL (48 Hz) |, il A
Ak Y Ik Sl AR AR, LW T 3 Bk 5l ) A3 R LA
AR FE L BN R & A TR R
e Bl e RMRAEL X AT M Dol /), o0k D /N 5 ) Ak 8 e
A RAE T o W6 U, 2 A A Y K Sl i (e
A kB A /N R 8 I A 2%
3.2 B SAESBRF

Ty B i s A s g K Sl A B, 7E i 5T N AR
TLAE PR B E T 4 A I, R A A
K2 s 6 O 2 ASBEAITE 3 i it T i s i 3
B, H AT L& B

(1) 2 ABERILEAS ) 3t B T 48 i e 7 1 )
@i IR DE R et f e 1WA N W =R i
AR — 2 /NS B R - S RO, R
N S (R DN X 5 N I 1 R 2
R IEARREE —F

e
S
30
<20
S N 12112 VA VN — B 10,750
g10 A e — LU
= y —— =< I J71.250
A /NI 70,750
(71 T 7 N0
0 — 7 T 7 7 7 T 7 1250
50 100 150 200
S BT N i BT €y e o A N S
H T 0k A 12

Fig.5 Frequency spectra of pump outlet static pressure
fluctuations with and without small blade under

different running conditions

(2) 2 AEREBRIAE A R & T, M I A 1 SF 2y
JE AR Z /Ny P4 P3 P2 (P1, AT L W] 1T ) 7
FeWN IR e, TRl [A) — JEL 30T P, T e (L B
R 29 PL P2 (P3 P4, ] LIAR b A B Iy 9 8l B &
A 14 3L 30 A T 1 i 328 1) 3 7

(3) ERI/NEEJ 05, 25 A D O0F #4544k



86

0.24

0.24

(a) HMJr,0.750  (b) b, Q

0.24

~ it —Pl
x4 ~~P2

Fi—P3
-~ P4

00
0.08

0.16
t/s
(e)

B 6 iy bk sl g A

Fig. 6  Pressure fluctuation along time

(e) PanfH,1.25Q

JNIFF 0,750
XILEZ AN [i] )

(d)

0.24

(e) /Mt F,Q () /M ,1.250

A5 T Tk Bl B e R, TT LA EE A [

e 73 06 3 ek JEE P A 9k /0, G R A B I I
P4 1) [5 7 U Bl N 35% K [ E 19% LN, AE
1.25Q i 4 AW 4 s 7 9 3 Wi BN 32% ~ 44 %
TFER] 12% ~17% , 30 980/ 35 N BB 4R s A B AT
o

(4) /e e, 8 — 00 F AE — e I s Ak
(19 Fs 73 A2 A7 -5 e 4[] — Ji] 309 1A 3% ey ik B i
Y 1A T AN AR 2 AP 2 Ay B K
R R AR o A U P 4 O St B 0 3
A JE BRI A BT R B, X R 2 AR
TCa—BUE M. BT LT 4 4 WA A TR
T3 B R JBE 5 /1N e AR 22 AN K

i i HL I (FET) A2 e A5 21 50 R Rs /s i A
(9 SR 2 4 2 g e PN 4 A M 0 e Ak s ) ik 3l 49 5K

Hﬁ?ﬂﬂ,@ﬁﬁﬂﬂ(ﬁ]mﬁﬁio

#8553k 1450 v/min, HCM N F =24. 17 Hz;
MRz 430000 1.2, i R i S SR T, =24 17 He
T, =48. 34 Hz FEJARE ) Bk, it 48 A% i
AR 5 MB35 R0 Sl AR 1) = A S B O o xR 7
Al LLR IR

(1) 2 MEEAIAEAA LO0 T AT & WD A Ak )
U B0 W B AR 43 1 32 AR AE /N T 200 Hz (A%
AL DX, 1717 T 200 Ha 1 5 4508 20 ) X6 Hs 3 3 3 i)
MR/ o A TO0T 2 A I AL, B 7 AL 7Y
) AL T AE 24 Hz A2, s I/ it s 3280
YL AE 48 He 247

(2) Bt JE, & A TTO0 T £ A4 W s Ak

KLCE 7)), LA o3 B s e ol s g Wk sl e ko e it & 73 Bk 3 4 B R AEL 20 A [R) B2 BE A s/ o 7 S i
________ 1 |
| | | |
| | | |
25 25 | | 25
L 20 L 20 | 20 |
21 £15 _ Z15
a : = a NAA e 2 o P1
= = AN Z P I P2
3 = = P4P3 > — P4P3
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Wi Hz Wi Hz B Mz
(@) (b) ©
______________ | AT Tt
| | | | | |
| | | | | |
15 | | L) | 5 ! |
§ 10 I £ 10 | | § 10 |
= Pl = p1 & P1
= s P2 = s P2 = P2
P3 = P3 P3
, P4 P4 , P4
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
B [He U Mz e
@) (e) ®
7 s 7 k3 Ak 5]
Fig.7 Frequency spectra of pressure
(a) B [,0.75Q (b) HMHF,Q (c) B },1.250 (d) /AHF,0.75Q  (e) A H,Q () /At )r,1.25Q



330

A AN B 0 R T g K Sl R v 3 A 87

4 AR RN B L 26 0.750.0.1.25Q T3
T4 5 M 25.6.24.8.23.2 kPa F[4% 8.8.8.6,
8.1 kPa,

(3) ZEA&ASTBUF L Bnf A B 9 I 1 1k 30
i K F /NI S P4 P3 P2 P1; T 7 BN
P2 b 9 3 Ik 3 B (L B K

4 £

(1) AR TBLT,2 A BER A 58 3 3R o
AFAE 5N WA S (9 T T ksl , 9 2 B e i s e )
LEpSERERT T

(2) 2 ABERIEA A RN TR — R T, i

R BT 3 30 Sl it DA B0 0 A W 1) i 2 3 19 5 7
2 AT A A0 I A SR M I A 1) s 98 Bl i
BRI T2 B LE/N T 250 Haz ORI X o

(3) BRI/ F R 25 A 00 F 25 A I s Ak
F4 I 3 90 2l i 2 WS D, M P AR U s 1 0
P4 1[5 F7 U Bl e N 35% K [ E] 19% LN, AE
1.25Q i 4 AW 2500 IR e gl i B2 32% ~ 44%
TR 12% ~17% 5[5 77 Jjk 3l (4 e R W A6 39 A A )
T JRE Ml /N, 7 M A5 P4 Ak e /N O W T
0.75Q.0.1.25Q LH T3 25.6.24. 8 23.2 kPa
TFEF) 8.8.8.6.8. 1 kPa, X H T/ ik A B9 #3m
o 5 2 AL T P 094 s 0 BN E 5T TR L D

WL 1 B A9 M 0 Al PL P2 P3 P4 AT DIAR B

TR F) 4R 3 M P A AR A o
& % x Wt

B, MR, Wk, 5. e BRI ACR R A Bt (1], RALETFSY, 2002(2) : 63 ~65.

Cao Weidong, Shi Weidong, Pan Zhongyong, et al. Design introduction of medium-thickness spiral centrifugal pulp pump

[J]. Journal of Agricultural Mechanization Research, 2002(2) :63 ~65. (in Chinese)

Mustafa Goleii, Yasar Pancar, Yakup Sekmen. Energy saving in a deep well pump with splitter blade [ J]. Energy Conversion

and Management, 2006,47(5) . 638 ~651.

AR, ARILE ORI SB[ M. JE5T: FUAR T B A, 1997.

FEARIL, AL, RS AT R R B SRR RS B PIV DR SBR[ T ] HUAR AR 2 4, 2006,

42(5) .60 ~63.

Yuan Shouqi, He Youshi, Yuan Jianping, et al. PIV measurements and numerical simulations of flow in centrifugal pump

impellers with splitting vanes [ J]. Chinese Journal of Mechanical Engineering, 2006, 42(5) : 60 ~63. (in Chinese)

Frof S0, k. A RO AR A M A B BT AT [T HOR Tk RAE 4R, 2003, 29(4) : 60 ~ 63.

Qi Xueyi, Ni Yongyan. Analysis of impeller design of compound centrifugal pumps with offset short blades [ J]. Journal of

Gansu University of Technology, 2003, 29(4): 60 ~63. (in Chinese)

J AL, RAFH, RV, 5. SR R 0 BB e B0 B 1] Jy S0 B B E TN [ C 1 /7 55 DU 4 DK FIALAR B & 4824 AR

2, 22N, 2011,

Zhou Jianjia, Yuan Shouqi, Yuan Jianping, et al. Numerical forecast of the influence of splitter blade on the flow field and

radial hydraulic forces of a screw-type centrifugal pump [ C] // The 4 th Hydraulic Machinery & System Conference of China,

Lanzhou, 2011. (in Chinese)

Kitano Majidi. Numerical study of unsteady flow in a centrifugal pump [ J]. ASME Journal of Turbomachinery, 2005,

127(2) :363 ~371.

NEHE, ERZE. OB B0 AR X S Bk sl Rt AT [T ] R HLB A4, 2008, 39(6) : 60 ~63.

Cong Guohui, Wang Fujun. Numerical investigation of unsteady pressure fluctuations near volute tongue in a double-suction

centrifugal pump [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2008, 39 (6): 60 ~63. (in Chinese)

L, "R, JET, S5 B IR O B0 IR TR I Bk 3 A AR 1 R e g B BRI ARl BLUAR A 4R, 2010,

41(9) :21 ~26.

Zhu Lei, Yuan Shouqi, Yuan Jianping, et al. Numerical simulation on pressure fluctuations and radial hydraulic forces in

centrifugal pump with step-tongue [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(9) .21 ~

26. (in Chinese)

10 Guedes A, Kueny J, Ciocan G D, et al. Unsteady rotor-stator analysis of a hydraulic pump-turbine: CFD and experimental
Approach [ C] //Proceedings of the 21st IAHR Symposium on Hydraulic Machinery and Systems, Lausann, 2002.

11  Hansen T. Comparison of steady-state and transient rotor-stator interaction of an industrial centrifugal pump[ C] // CFX Users

Conference, Berchtesgaden, Germany, 2001.

(T#H%E 2 I)



92 N AT S ¢ 20124
2 VREREE, RN, it S R FEGI B ARDIIT R[], J1 448 € ,2003,33(4) ; 533 ~540.
Xu Lianfeng, Chen Gang, Li Jianzhong, et al. Research progress of particle image velocimetry[ J]. Advance in Mechanics,
2003, 33(4): 533 ~540. (in Chinese)
30 WREIR, MICH, RAS, . N PIV SR B WA UKL 39 B2 3 B BTk (T ] MR ) 2% S2 8 5 0 4, 2003,
17(3): 53 ~56.
Xu Hongqing, He Wengqi, Li Liangjie, et al. The instantaneous measurements of particle concentration in gas-solid two phase
flow using PIV technique[ J]. Experiments and Measurements in Fluid Mechanics, 2003, 17(3): 53 ~56. (in Chinese)
4 AR, VR P, IR AT TR SO B R S R BE S Y PIV B SE[T]. WA Rl B AR B 24 R, 2003,
43(11): 1491 ~1494.
Zhang Dongdong, Xu Hongqing, He Feng. Particle imaging velocimetry of instantaneous velocity and concentration
distributions in gas-solid two-phase jet flows[ J]. Journal of Tsinghua University: Science and Technology, 2003, 43 (11):
1491 ~1494. (in Chinese)
5 Kaoru Miyazaki, Gang Chen, Fujio Yamamoto, et al. PIV measurement of particle motion in spiral gas-solid two-phase flow
[J]. Experimental Thermal and Fluid Science, 1999, 19(4) . 194 ~203.
6 Medina A, Garrielides A, Kovanis V, et al. Velocity field measurements in granular gravity flow in a near 2D silo[ J].
Physics Letters A, 1998, 250(1 ~3) . 111 ~116.
7 Daniel A Steingart, James W Evans. Measurements of granular flows in two-dimensional hoppers by particle image
velocimetry. part | : experimental method and results[ J]. Chemical Engineering Science, 2005, 60(4): 1043 ~1051.
8 ZhAy, HUEW], EHRE. KPS RN F KA BRI 1 PIV SEIRATSE[T]. SERAJ12%, 2006, 20(4) : 94 ~98.
Li Zhihe, Yi Weiming, Wang Na’na. Experimental study on velocity field of corn stalk granules in horizontal entrained bed by
PIV[J]. Experiments in Fluid Mechanics, 2006, 20(4) : 94 ~98. (in Chinese)
9 EWNL, R ISR, . 2 R4S B ] PIV U (], R LA A=, 2010 ,41 (3 H]) 1124 ~ 127,
Wang Lihong, Yi Weiming, Bai Xueyuan, et al. PIV measurement of resident time for char particle in laminar entrained flow
reactor[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41( Supp. ) : 124 ~127. (in Chinese)
10 EURUK, H4E0, AEsm. B 8 N MR BRA SRR AR & PR Z sh iy PIV 4k [J]. &l AR % 4, 2008,
24(3) . 154 ~157.
Wang Na’na, Yi Weiming, Yang Yanqgiang. Particle image velocimetry of motion of the mixture of corn stalk particles and
spherical ceramic particles in a vertical pipe[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2008,
24(3): 154 ~157. (in Chinese)
11 Bk s, VB — R g R LAY Rl 7 [T ], Bk BEHL, 1997(4) - 54 ~56.
Ben Hongling, Liu Fanming. A microcomputer-based control method for stepper-motor[ J]. Microprocessors, 1997 (4) .
54 ~56. (in Chinese)
12 ffis 2z, 3 -4 FHBHE s AL T &5 SG8T13[J]. ML FH AR, 1991, 18(8): 42 ~43.
13 #HEY. R HE RSP TAERET]. BHEFE, 2007(8) : 74.
14 Bhoeir, AL g R g i A D SR AT C M) M s A TR %4 L, 2000
15 EWZR, BTk PLC I L IR SIHLN RS icit [T]. SEARHE, 2009(6) : 234.
16 EMRIE. A2 (M), Jeat: [ Jy i hitkd, 2004.

(L#EE 8T M)

12

13

KR, RAH, MTBRES, S AU R X B0 A R AR R W I B AR [ T]. LB AR AR, 2009, 45(7)
131 ~137.

Zhang Jinfeng, Yuan Shouqi, Fu Yuedeng, et al. Numerical forecast of the influence of splitter blades on the flow field and
characteristics of a centrifugal pump [ J]. Chinese Journal of Mechanical Engineering, 2009,45 (7):131 ~ 137. (in
Chinese)

KA, B BB S. BORIE SRR (1], A WL ~# 4% ,2010,41(11) : 43 ~47.

Zhu Rongsheng, Su Baowen, Yang Ailing, et al. Numerical investigation of unsteady pressure fluctuations in centrifugal

pump[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(11): 43 ~47. (in Chinese)



