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Aerodynamic Shape Design of a Partial Admission
Turbine Using CFD
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Abstract

Aerodynamic shape design of a partial admission turbine using CFD has been performed. Two step
approaches are adopted in this study. Firstly, two-dimensional blade shape is optimized using CFD and
genetic algorithm. Initially, the turbine cascade shape is represented by four design parameters. By
controlling the design parameters as variables, the non-gradient search is analyzed for obtaining the
maximum efficiency. The final two-dimensional blade proved to have a more blade power than the
initial blade. Secondly, the three-dimensional CFD analysis including the nozzle, rotor and stator has
been conducted. To avoid a heavy computational load due to an unsteady calculation, the frozen rotor
method is implemented in steady calculation. The frozen rotor method can detect a variation of the
flow-field dependent upon the blade's circumferential position relative to the nozzle. It gives a better
idea of wake loss mechanism starting from the lip of the nozzle than the mixing plane concept.
Finally, the combination of two and three dimensional design method of the partial admission turbine
in this study has proven to be a robust tool in development phase.
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Fig. 1 Partial admission turbine
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Fig. 2 Design parameters of the turbine cascade
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Fig. 6 Streamlines of initial cascade
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Fig. 7 Streamlines of final cascade
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Fig. 8 Computational grids (2,000,000 cells)

Hoz ZFaEHd ZAsPTE dREEL
Baldwin-Lomax 43 2dE ALL34d. =F
Jpo= Hoe 60bar, HLE 900K oly X
HHEY St AYVIE 04MPaolth A
AzE 197 EFol 29vle] Azpgoez 34

o} A+

3.3 A& D

Fig. 9 =&, FHREYANA Y vt
3t EXE HoETh 0} £M=0.1) fr¥°] =
Z A7l 5E AUEA 27" o] B
ulsh 25742 BFHol xFETE WA} F
o oo R F dHdAE BA
oAb B Fo F2E wEt 550 Ayd
A Az g&do. 29 It E= updl 0.8
£ a3 BEE QU EHHlol
of AtstA 4 98EZE
1=3 %—‘ilg g 552
Al gsjo} wiaks 02 e E BojPn o
28 ¥H‘°E°‘° B S Ad 559 A
ZEAEE AAA
REo] o)F Hay FHE

Fig. 10o1A& $9 Il el
oL A8 et ez F9
3%/ 2REE #ds ¢ + ¢
% 3 gEHEAA HAY AAL AT} oY
% 599 AW FYF2Y HHQYH} FEF
A whske 1 2o "ol o] 5L 3§

520
(L s vy

i)



1136 o]

PHEANT AURA BF7 HUFoR uy
A 3 FReEe) Tl Avkd welggg
A AN

g9, Fig. 49 vl@3tg

o Q]Folj A &) vls}
Tt M2 g A& Jed, o]RAL Fig.
4o M= FAFFAE AHESHL Fig. 1094 &
HESEAE AHEstE Ao 7iAs

597 FurfEooMe sgutelE nEsn
AZE Fig. 119 YeElyi o
Aol Al AEZ S &Ho| A4 L

o
=3
P
=

o

N
aQ

£

=]

DM

=\

Fig. 10 Mach contours at mid-span of rotor

tlo

A
AEE £ F A AL REFYE =59
AP EA2ZA =529 Wl FhoA LA s
T FF (wake)ZHH 7Y€ o] THE W
9 FYez fFUH wet T AR ofR
Hol T RPEo=Z A (chopping)Btl. EedE F
Fe 979 f2& ug &4, dAdgdEy 3
FE92 AYEAS BFag@

FHHEYS Avs dEZdE fAgge=z
F712 A Wband)yE PA3tL ole E]FHo

%
oft
fuis)
+
2
uf
il
“
~ ol
ik
rlo
g
e
BN
N
ry
>
K

RS ) =
A71e ST 98 &4, A4 F9 Fdd
2 A% £4, A PREEY delz A

Fig. 12014% =23 $otol AWM e
Ay PEE YEpdg =2 vue ddoy
ANA goBz 7ot Bago] Hrl w2
Su(erd AN HBeol £AUT. £
oo #% AAFAGE As) MR e
& 7t o A Aol IYBL
.

L
2=

-

4 2 ot w

)=
=
H
=

¥ i

Fig. 11 Entropy contours at mid span



CFDE &% &%

Fig. BolA= E5W¥e 37 35458 o
Bl Roloh. 5Fo] =5 L AN FI =
WFgoz A FFAG. o VP 5§ F
9% AYEM B BFH FHRESS Ad

o oolw Fo EdoAM ME ¢E Wgoe= 3
Aste o F(vortex)7t ZHzt s H 9 oA A

Hoh "HollA= WA Bake) o F s P4 g o
5o 437t JedE(tip clearance) FHYZ

AR Boj7te g 5 E(reverse flow)e 2
F Atk oA o A gt¥o] Futwg z
< "A 71dgt 13kg FEAA A, £33 H

Blo] Au ko] Zoim spAstg oyt AA4E
%7HY] ¥HE E(reaction)S Zterh K =F Fw)
o dEE TY FHY FAF L =FAilolo H
A FAE Ad 2 FE AFE =357 oY
ohome | H 39 Alolg dEL #A o=
HAeu "’Xﬂi“ de] AolE YEE F
ou Fig. 139 B¢, F49 sto] AR Hu

e

=

o

M
'6

B5Eo] A2 Aok ’é?—ﬂtﬂ%‘ol BL—T’-?JE}.
5 B ol A=

Al 74}"0 o] ohF

rotor

Fig. 13 Pitchwise-averaged streamlines

2
o

g 394 47 1137
7] A8 FFAYE IR Aok Hol
A9 959 HEg AE d4d dRRde
AgFORN th AFEE "old Ao o
4o AAEA gge mad T dEge

% k.
Fig. 14914 59 ¢Hd 9304 Ao
29 vatd WHE Y Rolt shaft

=

Absolute Mach Number

: 4
. Witing plane] =~~~ 1 e ,'\/\‘.\‘ o
—»— Frozen rotor ; . -

0.0 T + u

0.2 0 4

Normalized Arc Length (s)

(a) 10% span

M ' :
5 \ ; \ H \ X /’?}3
§ 204 \ I"
é 164 }:\ . ] .
3 1 \
ERP v
: V

o
o
n

—— Mixing plane !
—— Frozen rotor

T T

02 04
Normalized Arc Length {s)

(b) 50% span

28 T T T

1
IS

e
o

Absolute Mach Number

Wiving plane B N A WA
—=— Frozen rotor X :

0‘00,0 072 04 Oi! 10
Normalized Arc Lengm (s)
(c) 90% span
Fig. 14 Comparison of Mach number at rotor
leading edge along the pitchwise

direction



1138 o]

E§d Jya 22 E RE{v)ye] ANARE F
A EAET 6719 Tl slFEE ARl
671l 94 (Peak)7t YAHET 2 olFE &
739l %}ﬁﬂ AT oz gd AT 4G
o2 FA3 vstert Lol ztgolth W
718 Aol 599 YKol B F 4T
olal WU gle Wl Z2ZE 2EH e
g9 A=zl g FUg )l WE 59
JF vhsts WStz YR

Fig. 14(a)°lA x% (pitchwise: s) 0.1914 0.77
A vialgrt S7td PelE Yed sl o] F&ol
kZo] A oz sidEr. w=Fo] Fue
A=A 0.7 ol Foll mpstgrt A3 FAEE ¢
F ol oleld #Hele YAL Fig. 99 ®lw3
%e o 44 ¢ 5 Aok wdE, EFH 7Y
AL ASE 1 T frE(passage)ll M F
g3 e 3FE ¥ F Utk TRERY
7I¥e £ 7¥AE g8 F9 =& 4
A2 A3le] WE 3§ WHeE u1F T F A
the Zdol otk Fig. 140)9 A$ =Z9 Ho
B3 olste 25 7HA] 2R FYES
oo EFY ZIEA HEA, =
W F90.7<s<1.0)Z AlojatH wlwA A P

€ ¢ F U

4. &4 B

BE&dd ey A4 2 sde %%agi
1319 o] &l 98 =7 AL C
3 AdAET A sl «l 3 HET:Ho
2 AZEd £ dFolA e FUDAR] CFD &
g g B¢ AdAE dFAt

Bag Al2de] FHAAZ 221¢ PFHAY
33t ABAE BHoB o] AZEgen
AEHoE v e UEHY uigh **?ﬂ N2"g T
g 5 AUk 232t PYPAEAR 27 Zdo) H|

>

oF 3% AE Ao Zrtdg 9 wWFY
AL # AU B3 B AT AmE
ALnAE £UL AR WHA N0 =7
Hog #y9=pz UoE 3¢l WIHFY
o AAA o]go] Fhat

HAH5E d4e A48T guA2" 3t A
Mg AAste AYHA FEEHS ns
gy, 2z ZE e A9, ;?%171“4011*1
' o] Brlsd HFESHAETY W 3
A H7lE FEEA 518 BT 5 A

o ge Agdor 228 4 AU =Y ¥
J%ow BYLY Agsgo
g MANIE HAAR ] B
g Aoloh.

to o

(1) Kim, J. H, Lee, E. S., Hong, S. S., Choi, C.
H., Jeon, S. M. and Jeong, E. H., 2004, “Current
Status of Turbopump Development for a LRE,”
5th Korea Space Launch Vehicle Symposium, pp.
38~51.

(2) Lee, E. S, 2000, "Rotor Cascade Shape
Optimization with Unsteady Passing Wakes Using
Implicit Dual Time Stepping Method," Ph.D. Thesis,
Aerospace Engineering Dept., The Pennsylvania
State University.

(3) Pulliam, T. H. and Steger, J. L., 1980,
"Implicit Finite-Difference Simulations of Three
Dimensional Compressible Flows," A4IAA4 Journal,
Vol. 18, No. 2, pp. 159~167.

(4) Lee, E. S. 2006, “Numerical Analysis of a
Turbine Rotor Cascade with Unsteady Passing
Wakes,” 4th  National
Engineering, Kyungju, pp. 153~156.

Congress on  Fluids



