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Aerodynamic optimization design of wing-body-nacelle-pylon configuration
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Abstract: A moving/grid methodology based on transfinite interpolation (TFI) and ra-
dial basis function was adopted for complex configuration. For the problem that may lead to
negative jacobian near configuration surface or decline of grid quality, a technology was pro-
posed to remedy the flaw of TFI method: a radial basis function methodology was utilized to
achieve the displacements of edges not directly linked to the configuration surface grid, and a
linear interpolation was introduced to get the displacements of edges directly linked to the
configuration surface grid. An efficient configuration surface grid movement method was in-
troduced via TFI method in case of variation of junction lines. By use of descrete adjoint
method to compute the gradient of objective function, wing and nacelle of DLR-F6 wing-
body-nacelle-pylon configuration was parameterized and optimized. Tests show that 0. 0001
of drag coefficient decline can be gained through optimization considering nacelle’s position
compared with optimization without considering nacelle’s position. Totally, a decrease of

0. 00153 aerodynamic drag coefficient can be obtained through optimization.
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Fig. 1 Occurence of negative volume after deformation
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Fig. 2 Grid quality declines after deformation



2012

it o= 3

1o AR 5 28 %

fifp PR A% IR 14 5 3 2 K A 5 0 A 3 ) 1
PR A (B D7 35 31 B3 10 A% it Al i >R A2
Ti) 5 R KRR 00 D7 95 0 S 088 4 L X AE itk SR T
BB (A FEUR ) A S T I £ ) A
2.4 ERHETRLAE

SN AL BT B D X FR R AR 5T
Or BEAT AT T H T BT AR B2 R 1 E AN
ARH. ANSCRRCA JHEAT T 2% 8 A S HILRZ i 4 BL3E 2
EAL AL i A 5 (9 L AT 458 U A AL 45 L3 15
PG AR A T IR 22— 2 A+
ZR5 DL S H AL 0 A B 28 A A AL B A 2R
A E R

AT LA 2 T BR A7 (B 7 9 o 00 47 {8 AEL A B
PR 2 18] AR BT 4 A A 78 A 1195 B0 5 BIDRE AR BT 26 09 12
R4 2R JH I BIR 47 L J7 9 A L B0 AT 2 119 2% 300 4
{ER YR T RRE O 0 Brig gk, WiEl 3 o . i THL
FEI T AME S T AR T EOHLEE S A WA B
2 e T k. A G R L 7 i T DAAE i A
0 i i 52 19 2 1T A% 0 1 T L2 Al 2 i) PR

(a)

(b)
& 3 HLIE I T AR I BT S 4R AR 1 M A%
Fig.3 Surface grid of pylon before and after

wing section deformation

3 Mgt E

K TR AR o ik R IL R
H SQPUF A R FLEID 7 vk . H A ok B0 86 BE R
B RO vk 5. i e X MR #E AT LAl AR IE
ZHL T ERIIR SME KB RRE. K B AME
it S B0 A Sy R B A B AR R Y B A K
P H 5 A ANE G B bR R B B A B K B AR
PRIESOR B {5 2 PR it 25 SQP B H AR A5 T 0T AR i

T U0 JLA S IE L A 0510 91 JE e 3 3 1
7 A R S I 06 25 9D I B 4 7 91 3
4 B R T O 0 0 2 75 5 0 o
AR I I T O 8L
ARV R A0 4 R

Iy B SR AR

S

I~ Y

AL S

L

VR R
P L LR
B ALY

ML

S

e L AT IR
7 147 18] 199 4%

R

B4 BRI 7 ik AR

Fig.4 Flow chart of optimization method based on

discrete adjoint

4 HE-VE-SHR-FERIMNEMAEL
it
Xf DLR-F6 KAHLAME I J i b i1t , itk
B Ma. =0.75,104 a=—1. 08", Tt HRE K
0.5, MAR BT 297 T3 % SN 1) 2% 18 % G
E 5 iR,

5 DLR-F6 4}E 2 i 1 #%
Fig.5 Surface grid of DLR-F6



%9l

e b A LIPS - BRSNS A vt Oy i 2013

XFIZAME 1 PL I 5 R AT AL BTt Ak
(89 H B 2 D /)G B 30T %) B 38 T 194 U Bl R O
P e = HLTHFH L.

X RSP BER T 3 it 5 h
KRR A Chy) (I AR AR A i (o) R
(O IREAD R AR AL B Cpy) . IX SR BEI R LR (A 3y 0. 1
fh e o RSPl 5ok F L f. X 3 4
A5 1 E SCANIEL 6 s, WEHLE ZEHC T 6 A4 FI T
47T 2804k, R H Hick-Henne J7 3 X3 A |-
TREMATSEALT, LR REAAI 10 N
&= ek Ay W E 7 A-F s, AR & A
Bt 123 4.

b2

.3 e —
hﬁjﬂl_ﬁm_ i ( J KA b,

6 SR IR A 5K POL RS 2B EALRS E X

Fig. 6 Definition of pitch angle, horizontal

and vertical displacements

of nacelle
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Fig. 7 Pressure coefficient contours comparison of

original and optimized configurations
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Table 1 Optimization design results
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Table 2 Design variables of nacelle after optimization
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