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Improvement of the Flow Characteristics by Optimizing
the Leading-Edge Shape Around Airfoil/Flat-Plate Junction

Jongjae Cho* -+ Kuisoon Kim**

ABSTRACT

The present study deals with the optimization of the leading edge shape around a wing-body
junction to minimize the strength of the horseshoe vortex, which is one of the main factor generating
the secondary flow losses. For this purpose, approximate optimization method is used for the
optimization. The study is performed by using FLUENT™ and iSIGHT™. The total pressure coefficient
for the optimized model was decreased about 9.79% compared with the baseline model.[Enter-]
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nvol : normalized volume
Nomenclature
Cpe : total pressure coefficient
Hp : pressure side horseshoe vortex (P, —P)05pl"
Hs : suction side horseshoe vortex . o
NTKE : normalized turbulent kinetic
energy =k/U.,
k : turbulent kinetic energy
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p : density(kg/m® ) .M B

b lensth(m) B ol el wAsE 349 FEELS

t : airfoil thinckness 1919 &3 AAEes T3 Fiolt o F

S99 : boundary layer thickness at the 2718 (Secondary flow)ol sl EAs= &4

rate of U/Uiu=0.99 < HHl 2 H(Turbine cascade)lA A & 7]
X, YV, z : streamwise, crossed streamwise, 8t2 &4 (Total aerodynamic loss) 2] 30~50% %
and spanwise directions kA8, BHl && el glo] AjAdsior =

= 5 By y| ]

R?, : adjusted coefficient of Tag wEo= dAHal 1]

o 22HE2 Fig. 1914 =A|8F #hke} o] =4

determination )
(1)1 ) ojEwzt ¥ (Endwall)ll Mo FAZF, o9& <

n— A

e —— Z(Leading edge)@} £H8o] whp= oA Ay
: number of experimental points 3h= W ohT(Horseshoe vortex), ©18 2
: number of response function Fol A EASE {2 oHi(Passage vortex), 92
CoefﬁClent Eﬂjq' jélt—q O] E[l—]’]‘}‘: E}\“E}Oﬂ/\i %}\g—a}% E}\:i
R*  : coefficient of determination 2] ¢ (Corner  vortex) S22 A= ATH2].
_,_ SSE 53], Fig. 19| Sharma[l]ol] 3} A" 22
s T =A RN = g ARe] FAdW Eeet
SSE  : residual sum of squares 2ol 749, f%o] FF(Downstream)E &7
ST SSR of uwe} Mol ZWH% (Cross flow)d A5z

SST  : total suril 2of squares g3le] gEoiRz ASHW 1 T AAE

=) A% ¢ F ek

SSR  : regression for sum of squares 239 AAZ=T Huo| FAa ZHo o)

= Xlv—v)’ A Sk 9 9bE Tl (Adverse pressure gradient)
y; : dependent variable at sample point o] AFZ AL 7o JYelE wEols
v, : mean value of (Horseshoe vortex) @72 <3 % 4 <A
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Y o og, DEARE WAATIE B4 T
Subscripts 9ol @ 2 BAAY A3 AR AR
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ad ¢ adjusted f5ol U@ 24 459 Y wAHOE, §
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FH : Height of 3" NURBS Point o Wy AAZo] EAss ol HF 2 Qe

. st .
FH_A : Height of 1° NURBS Point Hayolmz waolEs) uysls Exe 7)ahst
. rd .

FL : Length of 3nd NURBS P01‘nt Aol HA4S Wi R A I
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AN &=
FL_C : Length of 5" NURBS Point
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Table 2. Summary of Optimized Leading Edge Fence
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Table 3. Summary of Benefit for Leading Edge Shape

Max. NTKE NTKE Crt
Cases at Leading at Leading at xt=4.46
Edge plane Edge plane plane
Baseline 0.03195 0.00563 0.10088
Leading-Edge | 0.01920 0.00528 0.09992
Chamfer [7] | (W 39.9%) | (W 62%) | (W 0.95%)
Leading-Edge | 0.02243 0.00478 0.09686
Fence (8] (W 298%) | (W 15.1%) | (W 4.00%)
Optimized 0.02172 0.00410 0.09100
Leading-Edge | (W 32.0%) | (W 27.2%) | (W 9.79%)
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