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Numerical study on aerodynamic optimization of

liquid rocket engine turbine
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Abstract ; During the development of a liquid rocket engine, in order to completely mix and con-
dense the gas driving the turbine in the oxygen pre-pressurized turbo pump with the liquid oxygen in the
main circuit, it is necessary to improve the turbine performance as much as possible. In this paper, the
parallel multi-objective aerodynamic optimization design software was used to optimize the cascade design
of the oxygen pre-pressurized turbo pump with the adaptive multi-objective differential evolution algorithm
as the optimization tool. The calculation results show that after the optimization design of the turbine, the
internal flow loss is reduced and then the overall efficiency is increased by 3. 739% . The maximum stress
of the two stage blades of the turbine rotor is less than the yield strength of the material, which meets the
strength requirements. The turbine cascade can be optimized by the parallel multi-objective aerodynamic
optimization method, which reduces the gas ratio and is beneficial to the complete dissolution of gas in the
oxygen pre-pressurized turbo pump of rocket engine.
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Fig. 1 Flow chart of multi-objective aerodynamic

optimization algorithm
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Fig. 3 Integral calculation model of the turbine
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Fig.5 Internal 3D streamline and surface pressure

distribution of turbine inlet section
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Fig. 6 Internal 3D streamline and surface pressure
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of the guide vane and the second stage rotor
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Fig. 8 Calculation grid of the rotor strength
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Fig. 10 Equivalent stress field of the second stage rotor

4 it

1) 38 3o X 9 A K 2 Sl BIL AR T T 8 2R ) T
FEmimE — g sh | g T A g s AT Ak
Bt DN TR A B Sl Ok, i e R ALACR R
5 3.739% |

2) XA G TR B e 1 A A0 1A 7 ik A A%, 45 2R
W PSS (14 55 KN T 349/ TF R T IR 55k 5
i 2 5 K

3) AICRHIFATZ AR 7 ik ik ke
WA T AL, AR TR, A AT K K Bl
BLEE I T 58 A8 A SR SE i

Sk

(1] 2= b, EBEEE, S5, 5. WA/ B A& shp L 1
AR IRBOR[T]. KHifEE, 2009, 35(1) : 16-20.
LI XY, WANG X F, XUAN T, et al. Techniques of kero-
sene booster turbopump for LOX/kerosene staged combus-

tion cycle engine[ J]. Journal of Rocket Propulsion, 2009,



26 KoOHE B

2020 410 H

35(1): 16-20.
[2] e M. R S5 IM]. dbat. LA T AR
#, 1987.

(3] BRAHJERER, 2 M . WA K 5 e sh L o 48 2
B S TRM] RO, B, 5. duat P EATR
Tlb B+ — WA, 1999.

(4] Bifiite, bharse, mh N 350 i 0 8 Al it =X e %
M shaHa s ()], i S HiRE HA AR, 2018(6)
49-54.

[S] ™ RWg, RS0, RYIA. HT Optimus A4 TSh L
B[ T]. Kt , 2008, 34(2) : 13-17.

YANJF, WU B Y, LU W R. Turbo aerodynamics optimi-
zation design based on optimus flat[ J]. Journal of Rocket
Propulsion, 2008, 34(2) . 13-17.

(6] Mg, Gibdh, T B WM IR i i st
e[ J]. K HEHfEE, 2014, 40(1) : 65-70.

LINQY, JINZ L, WANG L. Aerodynamic redesign of su-
personic Curtis-stage turbine[ J ]. Journal of Rocket Propul-
sion, 2014, 40(1) : 65-70.

(7] RSLWL, ZE%5, FHOP. 8535 P41 M 7 i sl ik
BOIH AT FE [T ], P4 2 5838 K27~ 4, 2005, 39 (11):
1277-1281.

(8] sk, 270 JARLm Ry il sh Al ey < sh itk i
L] RN AR, 2007, 49(1) .« 12-13.

(9] Z=H0T}, R4k, RER. FEALE ¥ by XS fe it

R[], KA et 2014, 40(5) : 44-49.
LI X S, ZHENG J K, WU Y Z. Aerodynamic optimization
for blade profile of a supersonic impulse oxygen turbine
[J]. Journal of Rocket Propulsion, 2014, 40(5) ; 44-49.

[10] 38, %, &7, % ke =2t v it 4

BRI ] R A Fe g 5 WF ST, 2015, 28(3):

1-7.

(1] 23, XU, )™, 45 B iR fe M R 4 R B R
feicit ()] AR, 2019, 40(5) : 1051-1057.

[12] BRimZR. IRFE ML i 1 sh e seit [T ]. 74
BLEEA, 2015, 57(4) . 251-254.

[13] By, RO, FF. B TSEALR IR =4 3h
ALDTECLT]. AHEHLTE, 2008, 25(10) : 27-30.

[14] 5kEFR, JIE Bt He T IFA7 82 5005 1Y 10O s 58 3l
MABIT[T]. s & 3hHL, 2015, 41(3) : 39-43.

[15] SRBAEA, BABESG, T, —Fp A8 0 2 H bR e s o ik
RSk L] AL TR 5 N, 2009, 45 (26):
16-20.

[16] XIEH, milrgs, w1, % BRI L His A
NEZEGF AR L)), SR B e 5 W A, 2014, 31
(11): 1492-1501.

[17] DEB K, PRATAP A, AGARWAL S, et al. A fast and e-
litist multiobjective genetic algorithm: NSGA-II[ J]. IEEE
Transactions on Evolutionary Computation, 2002, 6(2) .
182-197.

[18] GINSBOURGER D, RICHO L R, CARRARO L. A multi-
points criterion for deterministic parallel global optimiza-
tion based on krigine[ J]. Journal of Global Optimization
in Revision,2008, 1. 1-30.

[19] SASENA M J, PAPALAMBROS P, GOOVAERTS P. Ex-
ploration of metamodeling sampling criteria for constrained
global optimization[ J ]. Engineering Optimization, 2002,
34(3) : 263-278.

[20] BISCHL B, WESSING S, BAUER N, et al. MOI-MBO:
multiobjective infill for parallel model-based optimization
[ C]//Lecture Notes in Computer Science. Cham; Spring-
er International Publishing, 2014 . 173-186.



