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AERODYNAMIC SHAPE OPTIMIZATION OF THE SUPERSONIC IMPULSE TURBINE
USING CFD AND GENETIC ALGORITHM

ES. Lee

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 complicate and shows oblique shocks and flow separation. To increase
the blade power, redesign of the blade shape using CFD and optimization methods was attempted. The turbine
cascade shape was represented by four design parameters. For optimization, a genetic algorithm based upon
non-gradient search has been selected as an optimizer. As a result, the final blade has about 4 percent more blade

power than the initial shape.
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Fig. | Partial admission turbine including separated circular
nozzles and a turbine disk
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Fig. 2 Geometric design variables for the turbine blade profile
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Fig. 3 Comparison of surface isentropic Mach numbers with

experiments
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Fig. 4 Grid around the trailing edge
(C,H,0 mixed type)
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X-Upper blade surface radius Fig. 8 Variation of objective function during the
X X i optimization using genetic algorithm
Fig. 7 Lift contour with the change of lower and upper
blade surface radii
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Fig. 9 Mach number contour of the initial blade

o Non-gradient search® AME-3 AU E2] SAolk
AHEE ZAFEE COMPAQ Work Station (DS-20E)o&
CPU+= Alpha 21264 292 Clock 4+ 833MHzo|t} ¢
CPU ZHFE AHSAlL 13] CFD AVIAIZr] ¢F 20 4909
tl Population Z7]= 1270A|Z 1M AAATRE 447
A28 5W 13 HAH20A0) AR 80AIZF A olrt.
s CPU AFHE o8 2%, 12709 CPU 2} 74
o] CFD AXEE Al 38 F donE AA AMA
e TN AER s |tk & fRdaEE o8
A ths CPU RFH AHge] vl¢- a&=olzt & = siok

Fig. 5ol 2 vho} o] ghdolAfe] queAs) dae
2 50l 9 UHWS PRAUA F B $A5}
Hasn £ G743 PEEn o F5S Al @A
seldel eid Aol BRTE AYHAN 7HsEr
97 Aol A4E FAssh B Az 2t v}
A w(band)] Fe7k Hof A PP 5 Beise] A
Qlo] ek,

o3 okl qrEE R9lol AN FE B4 FAs%E
A K] EFol AP AkEA AA PFoE £
&4 ZoAe 2 % Ytk AN $ARE A A&a
8L FUWlAY ot T oigel B8
Qorm o] ¥l J9e FA%E U U ARS @

blade
% 9tk Fig 99 4% F9 FYAIA 2eA BRo] of
o sigsin FA9EAE EAee ¥ 4 ok
FHe| AN FA%E Ak 53 dUY st
Hed 9 Al Ha FUH FES] W wt
580] &He] TaMow 285 994 BB (2
Y99 oY FU g 9l A4 e 9. o
gol fARME 4 FARA s Bt 7
AL AT frgdh 259 ENYS AR o, %7
ogel &3 A wleles 1362%, YWY Al
T 158704 S5 WA ZEge &+ Aok
olgigt Bd&A(FAMN I sEue|e J2 AdA
= Hlef 7dAA

A A, ZHEA L FERolth 53 HAl
A, e &5 A mlekrE
o] A0E B2 5Md $Ad 3 vt 9g &
A2 &7 ulslgrt 4T wlskreed s oF 14 % A
Ao 7 oA

Fig. 102 A48 987919 4ol rlske L2 Fig
9ol Wizl ofa] FUAM FAHAIA e wels o]
(Hgeel AR AL ¥ 4 gk ol AABY F
AE B2AA o F9589 25 At 4YS
Bk og EAdH BT vhkeE 142 Fig ot 27}
sl Bk ol BHolAe R W) SRR F7ke
vz el el 3718 olvlae

27] oM wEo] o BA}zto] 2506 degE E]
8l Bylo|= zho] 27 deg (7] AF)E 1T w, &2
deg YAMH(incidence angle)S 7HAl= Aoz AL
08 obxl olRF-o| AL FAIFig. 9)¢] FFoE §F
i obAloMe] sEuE]st ojdti(Fig. 11).

_"g_

R
guel 294 580 AP HAVE Wb B2

o L



SN

Fig. 12 Streamlines of the final optimized blade
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