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STRUCTURAL DEFORMATION EFFECT ON THE AERODYNAMICS OF A WING WITH WINGLETS

YM. Lee, Y.J. Kamg,2 SK. Jung,2 R.S. Myong’ and T.H. Cho”

The aerodynamic characteristics of aircraft winglet with structural deformation was investigated using the static
FSI(Fluid-Structure Interaction) system. The system, comprised of CAD, CFD, CSD, VSI, and grid regeneration
modules, was constructed. In the process VSI, grid regeneration, and integration modules were developed to combine
CSD and CFD modules. As a test model, KC-1354, the double winglet suggested by Whitcomb, was selected and its
aerodynamic characteristics for the rigid and deformable models was calculated by applying the static FSI system.
As a result, the lift and drag coefficients of test models were reduced to 11% and 1.3%, respectively.

Key Words : % Zl(Winglet), 3% 3 (Sturctural Deformation), 243 <8HCFD), -T2 AIESI)

LM 8 of Brow wd Av7F Sk Sl FAlol o d
YR Qg dre] FHEAS vgA e Feg A5
WingletS W7 2 9}R3 7aA7A $5 gEe Zoly] S s AR AAsM0l saEofop gt Gle}
9% ZHo2 ALGHL Whitombe &4 5 ok 4 X MBS 9P FHEge) BgoR Qletef fusn w4
ol A Winglet A4 A melsol & A& AAEA.Lm), T2 A AL T2 wYo] Aok Y 53 Fx W
Van Dam |24 7/MAE g o= A2 WingletS 5, T 54 5 wHeR ddve)
23t gh27)9) BlalAES E8) Wingleto] ¥ 34 Sl n]x= B ool M= Wingleto] A2 YIS FAFE dA &
Qe ZAEGTH2). Gall Wingleto] o] 24 Be5A Ax A &3] F2uRe] € Dl FHSHS AT
o Adsle] £ Adule] gzeks wHow Axe g A A8l A4H ZAL Whitcombe] Aol ARE-E
& Wingete] FHASH A= FsHE ANRA] Ani  Winget B3 AHgsGom WY £ A% Do TS
o FHe neelS W Wuge] Wi viguy by 2 Haekd Winglete] frimdE HamskE HESIH
urh o F& 4%5S IS 4 ok AT 2ae wEs
ATH4L ZAEL 338 Euler W4 CFD Z=5 /dslo] (" Main system(Fortran) )
SR WO Wingleto] FHEAL dlZaTs] o)) o 7\
& Winglet F28 33719 38 B4 =S Be A7A ey Il P
of o3l FR=Rot FF7) WY WS TelshA e
A Gl aigk AT v sdEfen] Al 7] o, 'P‘
FAFE FERAFS a3 Y 54 d52 HT S Pressure Displacement

Interpolation
(Fortran)

Interpolation
(Fortran)

1 ?l’&:‘ﬁc}'—g_—cl)—“,z‘}‘\_ (Duj (“’Z") NASTRAN Input file JNASTRAN Output
344U VAR TR 3 FEvInEled A
* Corresponding author, E-mail: thcho@gnu.ac.kr Fig. 1 Process for FSI



40 M1 EHEY

EEEE |

2. A= AA

o mdzo2RE Agshe FATR QA AlZ=FSI
: Fluid-Structure Interaction)< CAD, CFD, CSD, R34, Ax}
AR ZE 9 fATE dolel ££ mew ofola
ool oM wEEE S F ALl EHE B A2
o7 HHE AXES g 594 RER A F
gozye 958 4 4, wel Aug 7rAdel
Ay meadon AYd F Pz FHaY
ARE AFETE 27 AE FHAAE
& A T oaXoRRE dojxl TYseS
(VSL: Volume Spline Interpolation)S &3l T-Z&
dgdtie]. dd we THEdes xRl

o

el TraANG pAHT AN B

)

1=

PN
do iy
o o4

o
oo
o
Iz 2
A ol glo ©oH
i)

o to P
2 o 4

e
2 - fo [o |d
Sy PR b ma

®
odh
ot
ox
=2,
=
ol
2
ok
L)
)
>
rir
2
o
oX,
i
fd

H
R

e o

w
oY
0l

3.1 35N HE

FAT R Al="o] BN oA FEWMFe] 1A &
= AR dig fAEY mEe Alsd grE: 93
o} HlwEATh Fig 22 we7h 0,

Winglet 2} 27§°] CFDS} A3gke] Hlal A} F4 o
[e]

SEENSE

2HaNS o) A5H gEe PN 8 PR
o qFele Agahen] ojul FHARG FEAR] oo
2 Q8] FEAA tjg A9A) A

FA-TE Azke] Aol skl 1 s Wel

z
>
)
>
>
(=}
Iy
o
2
I_,
e,

(Mapping)®] A=t gQlah7] #13)
el el g vsiE A4sisich 3EskE

B
=
e
il
ofy
of
11
fz
)
it
& o
Fol
o
ox,
e

33 4K HY 4B

AL A HES AT E Al AlageM HMEgd &
4o o FRAAS AP mEol B Aol
TFI(Trans Finite Interpolation)$} Spring analogyS 2
Hybrid 71 & AFEE A% A4 7=E 28890 9 7]
He 72 ¥E A TEAR AYLE 9130 TFISE Spring
Analogys Adet AoZ ALAZRY A E WA AlxE
B&o] T AR ARG HSE Ad Ak w4l

A

o >,
ol o

o] W) & ol vAE JFS BAs] S48
Wl E @ A% Whitcombo] Aokt Wingleto] 21
gt Axs s wlash
Wingleto] -2 W7 2P KC-135A 387

+ WingletS F2Hek ool x
woll Agahs WY mAEst FUG §Y mUES WA

=]
Fo= STyl

o
o
o

L

Z=A|sHAi 0t & 2 A U] (M=0.8)

0.07
—4~Winglet(CFD) u
0.06 | |~ Extension(CFD) .
* Winglet(Exp.)
- )
0.05 Extension(Exp.)
S 0.04
0.03
0.02
0.01
0.1 0.3 0.5 0.7 0.9

CL

Fig. 2 CFD results of winglet and extension wing
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Fig. 3 Grid of expansion wing and winglet
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Fig. 4 Structural deformation of winglet
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Fig. 5 Drag component of winglet and extension wing

Table 1 Lift and drag

CL CL CcD D
(Winglet) | (Ext) |(Winglet) | (Ext.)
Z719% | 0.181 0.138 | 0.0128 | 0.0218
PP | 0.161 0.122 0.0126 | 0.0212
H3e 1% -12% 1% 3%
Table 2 Lift drag ratio
Winglet Extension
2718 (cr/ cp) 14.171 6.337
WP G AL/ CD) 12.729 5.778
Hslg -10% 9%
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