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Aerodynamic Shape Optimization of the Impulse Turbine
using Numerical Analysis

E. S. Lee and W. S. Seol

For the improvement of aerodynamic performance of the turbine blade in a turbopump for the
liquid rocket engine, the optimization of turbine profile shape has been studied. The turbine in a
turbopump in this study is a partial admission of impulse type, which has twelve nozzles and
supersonic inflow. Due to the separated nozzles and supersonic expansion, the flow field becomes
complicates and shows oblique shocks and flow separation. To increase the blade power, redesign of
the blade shape using CFD and optimization method was attempted. The turbine cascade shape was
represented by four design parameters. For optimization, genetic algorithm based upon non-gradient
search has been selected as a optimizer. As a result, the final blade has about 4 percent more blade
power than the initial shape.

Key Words: ¥ 2.3 Z(Turbopump), ¥ & % ¥ (Partial admission), 5%3 ¥l (Impulse turbine),
A3 4 3 3 8}(Aerodynamic shape optimization), 7 ¢ 312 Z(Genetic algorithm)
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Fig. 1 Partial admission turbine including
separated circular nozzles and a turbine
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Fig. 2 Geometric design variables for the
turbine blade profile
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Fig. 3 Flow characteristics of infinite cascade

=Z9 ¢tEn e HALEE 32 Eul Y+
9 AYHL 1,533 kPa, A2X = 806 K o]t} o]
o, 3&4& F3AM 7|1F 263 deg ©|c}. wite
400 kPa ol olW, TAERS H+ vy
165, dol==24& 500,000 ot}

23 o8 MAMS
LS 57114 HARS - olgd AzwA, 9
97, A% A4, A A, 90 - =2
mrm (28 2) oA U FAE 9
A34, A8 o8 5& o142 05
mm 173 A7 web HAs slge} A

dg

41 oft rd
ok
Jﬁﬂ'

BN

St oz Avsan 2Ages 9% o4
& AET HoT FAY HASES FE ol
n} t EMl ZeEoEst AYsE (39

°|
ol sFETh

24 R EF

FALnYFe dY AF=st 28 44 et

v Aok &7]3b(nitialization) ©AGA] M 4=
(Generation), 7} #4=(Population size), ZE &%,
Edo)-&(Mutation probability) 5 ZAA 3t}

B 7HEvaluation) @AM E 2+ 7§ A (Individual)
59 EXF4E CFDE ol &3to] Adc ol
t}% A 2] 7](Multiple processor)7t W38 #H &
g Zhzke] CPUS 2zt 71# CFD AlAte &3l

193
L PRI l@'

of AAAIZEY] B & & =R gt AAH(Production)
gAdME Z AAES £ et 353 X
AA zuiFdMating pool)o® H AT sl
(Cross over) @AAA FFAZ AEd e
A EH  Ed¥o) & mek  ohSAoh(Next
generation)?] WA E AWA3A ol E dFA
e dF AYrle PA2 JgYPFALnIdEFL F
a%A 2Pk

d
v
initialization Evaluation Eﬂdimlm Production
FD solver [”
Ne .
Yes v
Bl
Mutation Cross over

Fig. 4 Genetic algorithm for multiple processors
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Table 1 Formulation of optimization
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Fig. 6 Variation of objective function during
the optimization using genetic algorithm
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Fig. 7 Mach number contour of the initial
blade

Fig. 8 Mach number contour of the final
optimized blade
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Fig. 9 Streamlines of the initial blade
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Fig.10 Streamlines of the final optimized blade
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