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Multi-parameter hydraulic optimization of inducer based

on response surface method

HUANG Xilong, YANG Baofeng, YAN Junfeng, LI Chunle, XU Kaifu
(Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract In order to improve the hydraulic performance of prepressurizing turbopumps, the multi-pa-
rameter hydraulic optimization of the inducer was carried out by the response surface method. Six
inducer’s structural parameters including blade inclination angle, inlet blade angle, outlet blade angle,
axial position of splitting vanes, inlet and outlet hub diameters were selected as influencing factors.
78 sets of inducer schemes were designed according to the principle of central composite inscribed de-
sign. The head and efficiency of 78 sets of inducers were obtained by numerical simulation. The effects of
influence factors on the head and efficiency of inducers were obtained by range analysis of calculation re-
sults. The results show that outlet blade angle and outlet hub diameter have more influence on the head of
the inducer. Axial position of splitting vanes and inlet hub diameter have little influence on the head. In-
let blade angle has the greatest influence on the efficiency of inducer. Outlet hub diameter has the least
influence on the efficiency. The response surface models of head coefficient and efficiency were obtained

respectively by linear regression. With the efficiency greater than 60 % as the constraint condition, the
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penalty function method was used to optimize the head of inducer. The results show that the head of the

optimized inducer is improved by 15.4 %.

Key words inducer; multi-parameter; response surface method; penalty function method; hydraulic op-

timization
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Fig.1 Schematic diagram for parameters of inducer
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Fig.2 Distribution of test points according to the

central composite inscribed design
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Fig.4 Grid independence validation
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Tab.1 Partial calculation results

BT SZLEEN BR
000-1 0.284 8 0.624 3
000-2 0.284 3 0.624 8

001 0.2759 0.609 1
038 0.290 8 0. 609 7
075 0.242'5 0.598 8
076 0.274'5 0. 605 6
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Tab.2 Range analysis of the head coefficient
WIS A/ (°) AR/ (°)  IIEEUR/(0) it A A s AN RBER  HHoRsERr
K, 8.834 8. 887 8.128 8.733 8. 781 9.036
K, 8.678 8.624 9.384 8.779 8.731 8.476
ky 0.276 0.278 0.254 0.273 0.274 0.282
ks 0.271 0.270 0.293 0.274 0.273 0. 265
R, 0. 005 0. 008 0. 039 0. 001 0. 002 0.018
x3I BERESW
Tab.3 Range analysis of the efficiency
W A/ (0) AR/ (°) R/ (0) it Al f s AN RBER  WoRaER
K, 8.834 8. 887 8. 128 8.733 8.781 9.036
K, 8.678 8.624 9.384 8.779 8.731 8.476
ks 0.276 0.278 0.254 0.273 0.274 0.282
ks 0.271 0.270 0.293 0.274 0.273 0. 265
R, 0.002 0.023 0. 004 0. 004 0. 002 0. 001
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Tab.5 Optimization results

SOEE WA TR AEXIRZE/ % $RIER/%
[-1,1] 0.326 6 0.3163 3.26 11.06
[-1.2,1.2] 0.3342 0.3232 3.40 13.48
[-1.5,1.5] 0.3460 0.3287 5.26 15. 41
[-2,2] 0.366 0 0.3195  14.55 12.18
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