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Optimum Design of Aerodynamic Shape
of Cascade with Rotor-Stator Interactions

J. K. Cho, W. G. Park
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ABSTRACT

Since the previous cut-and-try design algorithm requires much cost and time, the automated design
technique with the CFD and optimum design algorithm has recently been concerned. In this work, the
Navier-Stokes equation was solved to gain more detailed viscous flow information of cascade with
rotor—stator interactions. The H-grid embedded by O-grid was generated to obtain more accurate solution
by eliminating the branch cut of H-grid near airfoil surface. To handle the relative motion of the rotor to
the stationary stator, the sliding multiblock method was applied and the cubic-spline interpolation was used
on the block interface boundary. To validate present procedure, the time-averaged aerodynamic loads were
compared with experimeatal data. A good agreement was obtained. The Modified Method of Feasible
Direction (MMFD) was used to carry out the sensitivity analysis of the change of aerodynamic performance
by the changes of the cascade geometry. The present optimization of the cascade gave a dramatic reduction
of the drag while the lift maintains at the value within the user-specified tolerance.
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(a) The grid system around a cascade

(b) LE. of stator
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{c) T.E. of stator

Fig. 1 Stator and rotor grid system

1A, () =180 ojy

EA 4 (objective function)s §-E814 Z=o] ¢
al AxEE FEATOIY AAYHE YA e
2 Aozt =5 J43 AAk & & v o
gHRo g BENFgLE AMHE §5d04 329 45
2 A EAo] wEt ARsHEY B dFdMe Y
o oz ARIAL. 1A 299 FdYL Z9
9 ol $Xd w} Wahe golmE EAILE o
do] A5s R 599 Ay FdHoz gAY
HEgH e o] 5-AE 0|5 T T Wit I
Ho] FagoR dAsAth 1gu ASFFE 57
A olF 3= A Fo] Fold mi W

H i3}
Fx) = %f:m velt] = Fypdt @
I %
g1(7c)=*i—tftt+ﬁtF—)?,;—F’idtsE 3)
xLSB;SxU

A7|M, xE AAMSE)T, Fyi &A1 drag coeffi-
clent), Fxe S AS(ift coefficient)Z vehim, s34
A 0e 54
B i+ aE 59 olF F9 Ate
L& AAWse a3, Us 43hs o

EAY5E Aosel ¢ golmg, g 2o

o
3
i)

42

8 &7 (Necessary condition)o] #HEEojoF g Aolt],

A7), ¥ daeln)
23 g WEAM

714, e, A TEAL

B 7 (Polynomial Interpolation)®l
w2, §'= g
3]

=
ol
ot
=2
>
Kuf
ogk

>,

drgpol). gy
Fer g i0g ol gate] Thgat o] Alkalsith

°]
l

3 = —vR(F H+p3 ! (6)

o71A, 22 A e T ol Fejdrth

8= 10 ol
g = vRGTHE

< , ®)
|vE(Z 7|

a1

SHIIAXML RS, M3F, 2002



I T ol FREIRETEB BT g8 T 6w
, = , o N e e O
- , R p T ERER T e e B R EH
K O r o= o o] 2 op = 5 w7 =
| e | M W T g ! —_— S 3 = ATA_
\ , | z s S G- -l H - -
= | , kS, oo A RN R T
9] | y Y | = o) H o s N o B g o
Qo /a W D Tt — ﬂ ~0 ﬂ._\ﬂ WQ > ‘I%I AA e
RS 2 P g O R B NI O
o ! | / y o
Joa 2 N . . EUET S Sa T 2w FEET
ol eEES] 22 ® | g, | / | M ﬂﬂﬂc% Elﬂul@ﬂ;ﬂoﬂmﬂmﬁAﬁﬂoﬁwd
O e ° J g8 - , & VW odlg ST B Noop
JCIEE s IR I 295 RN Pl N R S
" i | i S 1)
. § ) & [ g5l . Axm T PR g R T g _x T
] —_ —_ L - ~ = D e
; -3 T . | 2 TEa RS R s Tl TS
g o o %- i , 3 O L S~ = iy o AT
B R o I : , , | 5 0 w4 wo 2o 4 I AT 73 i
- 5 g /. " | S G B I ol S R N = Qi g
' , | — N = [~ T ol T N
. | \ s R RWT oMy EeE g W2 gy
- = , © —_ O %o o E Nogg < o & O T T b A me T
L2 I L w o e X9 B X
, g ° @ e E_w T e T ET ™
=8 w 2z I I  -- CT
4 . £ 3 . I R K e Wy AR £
I g © ﬁm‘\ e, S b7 o S = ol R "m0 = =
| A S 0 = g e i o M ool o A iy
o g S N PHERFTT AT TRTMT BT
fz| o e 3 0 ™ dF DT R FTRTAAE s 7T 0o
ol el lsg 8 2
i 1 gESE . * D o
L R 23 )
TR / 5§ dBBE 3 R A I i gE R BT T
i : ) o ~ = o ) D A o K — % o F 9
! vl e 3w E EaS® R g @ PTH ET ek ok
, | Sy ® WL r o Ko N = g B ST T @ "
i = £ =y N ] B N o = O o o 2
ly , 8 £ B R 2o 5l 4 W N e T %o J Cal -
o = B < o oo r £y = AR X o = w0 K o do k3
- I I I Tl T R ) N TR
- - 5 o OE = 0 o o = .W ~ 1‘K O_ pail N HLE o} o e oF m& EE il ﬂVl N
o i oF N - o o Wo 2o F R
o Mo = gy e T T g 2 T2 Ty
T — ) R S _,, | 0 o = H e < o X hae q R~ ,_mﬁ ) iy x)
” e o Moo 0T . m FRT oo Wk D i R
J Eomﬂioﬂ% & O ,WEEALATm.ﬂoﬂHﬂrM < & &= B
Ve b 7 > = onr a Wc.ﬂwﬁevmﬂ,ﬂllmmwa Wo.mmﬂdJ/emw
. p= = T 9 & =~ e ,
,\- i ! 3 M, i Mw»f]OﬂWM - ,M,I ,W|.i_. Nt Mnﬂ ﬁa,A_OIEO Mo MM e MA... mw MWL
BT | 2 ﬂoﬂmowmx @ @nmﬂawmﬂrx%wﬂﬂ%@,% %ﬂﬁ@%ﬂﬁ
i 52l . | @ |5 Lo . . =g 7 < od o~ O o N W oms = G
f | sis o = e T NE wmuE e~ XL, o“a oL o m T Yo =T i = - rt_w o = ’ MM % 1‘./1
BT N T d TN e Wgdy oW Rw n TrXmow gy
i S583% Ln ~ - B S m a3 ~ —_
iF - TIPTE =2 B RgL TR LIvs o C IRy SR
I b 0 , . < oln N . o £ ~ = o0 T
Lo g wmwwmiw 1 fET ETTET g W TGS T
li . I oF v a ST R By ® oo W X o X e
S HeEwn ) 5 X P lAmARg OB I S -
| ) B B E L T Ty TRER K W Ny F g
T ; S NS Mg S T % B A o oo of T 4w
| SR S - \T T K oH [ —_ o o= e o & = El =
‘ WS A el JeodsTTTREFPHR - T ~
“ MoH N W ST W IrexdtTzTTHPT o & onE oy ooy W T

43

)
=

72t

i

-

Fig. 4(e)9} Fig. 4(f)

2002

=2

M3

Hoj a1 k.

=
=

23}

AI1H ML 5,

ps

A3}



OBJECT FUNCTICN

o it O X0 i o K1 4 Mr M

i)
2

[
0
ry
AT
o
=

X \/ \-\--—.—.

CONSTRAINT FUNCTION
DESIGN VARIABLES

—
PO -S— G —
e ———
o AR
\ —e—x(2)

\ —a—X(3)
—e—X(4)

—%— X(5)
PRI

e

i ‘ 5 z H < =
DESIGN ITERATION DESIGN ITERATION

H 7 8 ° 1 7 8

(a) History of objective function (b) History of constraint function

(a) Initial (b) After designed

AA1E Compag xp-1000 =2 Ho]4(Alpha 21964A-

Fig. 4 Results of optimization design

Fig. 5 Pressure contours and velocity vectors near rotor
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