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Rocket engine turbine cascade shape optimization with generic algorithm and grid morphing
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Turbine efficiency for a rocket engine turbo-pump has great influence to total engine performance, therefore, the
multi-objective design exploration (MODE) was applied to a turbine blade shape design. In the present study, a grid
morphing method was used for the shape change. By using such method, computational time is greatly reduced and

effectiveness of the method is validated.
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Table 1 Generic algorithm methods and parameters

N—hFoF 7
R +
NEVEINS/ECS
poA[LESESINES SUS i
BX BLX-0.5
HAAIE Best-N B3R
GURIETER 0.2
TS 50
flEA%L 16

KB D CFD fENTIXILRRIKIRYT Y 7 N =27 Th b
FLUENT6.3.26 & U7, it 5k Ikt 2558 L 7= SIMPLE
B2V, BIEOZMHEEITE - 2 W Z Ve, SRSt
VB S A R LRI 2 L L K o1z, AR CEERE
AiRE—EE L, HOTEEHELZETE L, 72k, ADTENojt
AF AR OEIRSMAG & MOS0 I BT DA DT i
BAEHNTWD, BLET/UE, FLUENT (2385 S QOB Rl
ETVOHFENG, BEERE b BV —E% 7R L7 Realizable k-
e BF D E R,

Copyright © 2007 by JSFM



Fig.1 Computational grid
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Fig.2 Design parameters
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Fig.5 Convergence history of continuity equation

e, WIHTROMITHER A AR DICRICHRAA TG
FUZPE L2 BA CIEEREOIORM: L 722> T D, Lol
WIIIROFETZ PR L CHIIiR S 5.2 2 515Gk, K6 1OoRd
L O ITHIERIEI B AR A AE L C L E o T D, 28
TR OFER D TEFLIRI AR ORERI ORI A2 > C L E S 3A12iE
PHRICODEFEDMEE LIRUWNZ8, 2D X D 15 Hilc 7> Tnd
EEZOLND, UL, BTE—7 1 » IIEERWTEAE
OISR E T2 TNB Z LD, PIRECRAE LIk
IR BRI AT E ST 2B B 5 Z b B 2 5 & I
REETH DRSS STV DR —T oV ZIEDTTHR
BWEHIICE D, LD LI TREIEORIT NS W DD,
HREEODRR LD Z L5,

. -

. Grid morphing \ Data interpolate

Fig.6 Initial pressure contours

Fo, BTE—7 4 U TIRTRBIEIRPI B L LI ATH 2
ha—/VRA v MEERTIUIRWET THAH Z Enn, S
RBAGTHDHI LxEZ2 DL BFEMET CFD 2 Wik % &
DEBTEAFREL 225 Z LS C& B,

5. FHERER

Z BRE L& D 1S ONTIEAIR. ROBRAI %X 7, 8 (TR
9, TIT7NE, N—R Lo T RIROE CHRHE L T, &
DL, ZhEREEE NI EBEBIR A B B 28, A

E 21 BRERAENFED VRO L
D10-4
FECB LTI CIHF—TE L o> TR | D HRIBSEL

& OFHBEIMENZ & 03D,
o LR

Better

Next Stage Inflow Angle Ratio o,/cy,

Axdal Horse Power Ratio I1/Il,y 1 " Adiabatic Efficiency Ratio n/n.,

Fig.7 Non-dominated and dominated solutions 3D plot
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Fig.8 Non-dominated and dominated solutions
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Fig.9 Self organizing maps (SOM) for objective functions of non-dominated solutions
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Fig.10 SOM for design parameters of non-dominated solutions
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Fig.11 Blade shape of Maximum-efficiency shape and Maximum-power shape
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