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Matching research of inducer and impeller of
high-speed centrifugal pump

Wang Wenting, Chen Hui, Li Yongpeng, Du Yujie
(Xi'an Aerospace Propulsion Institute, Xi’an, Shaanxi 710100, China)

Abstract; The propellant pump of specific liquid propellant rocket engine suffers from serious pressure
fluctuation, the poor matching of the inducer and impeller is an important cause of larger pressure fluc-
tuation and lower performance of the pump. In order to study the effect of matching of the inducer and
impeller on pump hydraulic performance and pressure fluctuation, the numerical simulation by using
commercial CFD code was carried out to analyze the effects of various inducer configurations on pump
flow field and performance. The results show that for the high-speed centrifugal pump with a large flow
rate, the inducer with constant pitch outlet is conducive to improving the flow of the impeller inlet and
increasing performance. The larger turning angle of inducer blade can result in the reflux in impeller in-
let and lower performance of the pump. Compared to the inducer scheme, the relative position between
the inducer and impeller has smaller effects on pump performance. The short axial distance between the
inducer and impeller results in the inhomogeneity of the flow in the impeller, and the lower performance
of the pump. Considering cavitation performance, pressure fluctuation levels and efficiency of the pump),

the final scheme of the pump chooses an inducer with variable-pitch inlet and constant pitch outlet.
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Fig.1 Computational model
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Tab.1 Configuration parameters of different

schemes of inducer (°)
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Fig.2 Inducer structure and pitch curve
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Tab.2 Numerical results at different matching schemes
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Fig.3 Comparison of streamlines between
different inducer schemes
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Fig.4 Comparison of pressure fluctuation between
impeller and diffuser
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Fig.5 Streamline from inducer outlet to impeller inlet
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Fig.6 Curves of fluid flow angles between inducer
outlet to impeller inlet
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Tab.3 Numerical results of impeller scheme 2
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Fig.7 Relative position of inducer and impeller
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Fig.8 Influence of relative position of equal-pitch
inducer and impeller on pump performance
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Fig.9 Influence of relative position of variable-pitch
inducer and impeller on pump performance

R 7 R, 548 R SO e A Al )
S URAN D N P W el A AN ER s Al W DA W
AT A /0, A o g 1 A o T T ) 30 3
ST AR, BB RO FE P AR AT E A Y
O WA T AR AL R 2805, S T 2 PR s Bk 3
2. P 8a,9a Bl [a] I B X R R BE A4 5 i il £k B
KA, B 1 B SN, SRR ) RCR BT Al
I B N 22— € R e, K 1B AR A K.
8b,9b Jyifs T 48 5 B0 FE Bl 1 B RS LB/ B0
Sl 1 A RS SR RE R R MR 2, S ) A EE 0 72 Ak




IXEEF 5%

BUORFFHESHORNLE

WP 7 R /N S A B 2 72 A, T R T R Y 3L
SR, A DA 22 ol 1) g A ORI ] r o JRE Ok 2 Ak

RENy R 2.
4 & B

BT i e 0 2, 3 I X AN [
BT ZE ARV XL B i 4 1 45 HH L, A5
LT 458

1) BEE G R A BEm, 175 548 DR
RS U QU B N S T2 ol N T | QU B
HIR. el DR R — 8 KR SFIR IR B, vl A
AW FR e Pk A R S RO RS
NGy

2) SiEFRITEMNE
5RO R A X AR
B Rt PR N 2 3
SR PERE.

PEREMIRZ AR L , 155348
EME /N B S
DN A A,

52 3Lk ( References)

(1] BREE, sk RDKRAE, 55wl F S S M 25 1
ST KEfEDRE,2009,35(3) .1 -5,

Chen Hui,Zhang Enzhao, Tan Yonghua, et al. Geometry
design and analysis of the high-speed rotational plaet in-
ducer[ J]. Journal of Rocket Propulsion,2009,35(3) ;1
-5. (in Chinese)

i R e L O 770 G W 7 & (R B sy e D
FCRFRMIFELT]. AKFEHA,2000(3) .7 -9.

Pan Zhongyong, Yuan Jianping, Yang Jingjiang, et al.

(2]

Study on matching of inducer and impeller [ J ]. Pump
Technology,2000(3) :7 =9. (in Chinese)

R m O PR S O R R IE B G R
T[T ] AKRAEHA 1997 (3) :6 - 8.

Xu Chengbo. Study on matching of inducer and impeller

(3]

in high-speed centrifugal pump[ J]. Pump Technology,
1997(3) :6 —8. (in Chinese)

A 4 e AR RE Y B S0 AT 5 S B
FE[J]. HUBRL TR 412,1999,35(6) :85 - 88.

Zhu Zuchao. Theoretical analysis and engineering imple-

[4]

mentation on achieving excellent suction performance of
high speed centrifugal pumps [ J]. Chinese Journal of
Mechanical Engineering,1999,35(6) :85 —88. (iin Chi-
nese )

TR, B R LA O R B DA BT AR
(AT ] HEFE DL AR T FE 22 4, 2010, 28 (4) - 282

(5]

L6]

(7]

[8]

(9]

[10]

[11]

[12]

-285.

Tan Lei, Cao Shuliang. Optimal design and numerical
simulation for impeller of centrifugal pump with medium-
high specific speed[ J ]. Journal of Drainage and Irriga-
tion Machinery Engineering,2010,28 (4 ) .282 — 285.
(in Chinese)

FLER, B, BB . B0 R AR IRIEE S5 AT
K11 HEREWLIE ,2008,26(3) ;10 - 14.

Kong Fanyu, Huang Jianjun, Lii Yi,et al. Development of
variable-pitch inducers in centrifugal pump [ J]. Drai-
nage and Irrigation Machinery,2008,26 (3) ;10 — 14.
(in Chinese)

B RGAEROC, BRI, 45 R FIFME A O 7SR R S48
PRI PERERTSE [T ] HUAR T FE 2741k, 2011,47 (4) - 171
- 176.

Tang Fei,Li Jiawen,Chen Hui,et al. Study on cavitation
performance of inducer with annulus inlet casing[J].
Chinese Journal of Mechanical Engineering, 2011, 47
(4):171 = 176. (in Chinese)

Kyoung H L,Lee ] M, Park J S,et al. A Study on cavita-
tion interaction between inducer and impeller in tur-
bopump[ C] //40th ATAA/ASME/SAE/ASEE Joint Pro-
pulsion Conference & Exhibit,2004.

Kosuke Ashihara, Akira Goto, Kenjiro Kamijo, et al. Im-
provements of inducer inlet backflow characteristics u-
sing 3-D inverse design method [ C] // 38th AIAA/
ASME/SAE/ASEE Joint Propulsion Conference & Ex-
hibit,2002.

BEFEFS  RA R, AR 5T M. SRR 5 48 N IR Sl Y
BUH AL [T ] BLAR T2 27 42, 2010, 46 (6) : 158
-162.

Cui Baoling, Zhu Zuchao, Lin Yonggang. Numerical si-
mulation of inner flow in equal-pitch inducer[ J]. Chi-
nese Journal of Mechanical Engineering,2010,46(6) :
158 —162. (in Chinese)

BER A0, AR, A PR AR S A T fE
kR L], =S 3l /) o7 4z, 2008,23 (9) : 1743
- 1746.

Tang Fei,Li Jiawen, Xia Dexin, et al. Study of methodo-
logy for improving cavitation performance of liquid oxy-
gen pump inducer [ J |. Journal of Aerospace Power,

2008,23(9) :1743 - 1746. (in Chinese)

KL A FEHIS SR M]. L5 P E T
WAt ,2011.
(DT KHAH=)

1305 |0



