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SELECTION OF THE OPTIMAL POSITION OF THE FLAP
FOR THE IMPROVEMENT OF AERODYNAMIC PERFORMANCE

H.M. Kang,? Y.M. Park?2 CW. Kim" and CH. Lee"

!Aerodynamics Team, Korea Aerospace Research Institute
“Civil Aircraft Systems Design Team, Korea Aerospace Research Institute

The selection of the optimal position of the flap was performed in order to improve the aerodynamic
performance during the take-off and landing processes of aircraft. For this, the existing airfoils of the main wing
and flap are selected as the baseline model and the lift coefficients (cl) according to angle of attacks (AOA) were
calculated with the change of the position of flap airfoil. The objective function was defined as the consideration of
the maximum cl, lift to drag ratio and cl at certain AOA. Then, at 121 experimental points within 20mmx20mm
domain, two dimensional flow simulations with Spalart-Allmaras turbulence model were performed concerning the
AOA from 0 to 15 degree. If the optimal position was located at the domain boundary, the domain moved to the
optimal position. These processes were iterated until the position was included in the inside of the domain. From
these processes, the flow separation at low AOA was removed and cl increased linearly comparing with that of the

baseline model.
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Fig. 1 Mesh around single slotted flap
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Fig. 2 Overall processes of optimal position searching
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(a) ACA=0

(b) ACA=4

(c) ACA=8

(d) AOA =12

Fig. 3 Velocity contours of baseline model vs AOA
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Fig. 4 Cl of baseline model vs AOA
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Fig. 5 Response surface of the first optimization

Fig. 6 Change of the design space

AT Cpmaxini 2 B52E 000l AT O — i
glar o] kvl L/D . = FARERSI o] T
Ho A @ e 8olM o] FEvlE dl #
Alo] A 25 Ao Qoja] ZQ3h QS n|x]7] ol
7FEA 9] Aell= 217t 04, 02, 04% S0} £ £yl o
= B T8 18Itk

A7 AL sk dl 3ol 941 Baseline model ]
Leading edge -l 20 mm x 20 mm2] /“74] 33 A5
o, 7t iePdR 2 mm 1A T 2040 AEds 43
aFitt. ©]%- Baseline model¥} Y3t f-s A T3sto]
52 3rE ARt Fig. 59F 2 Wkge TSI o]
o Fig. 5ellA 7 $1=17F ”“741 Foe 4% AT AAHe|
AT GRIsIGIE o= o W EHIE = A
7131 Overlaps F7HA71= WFCE S17} ol g5 olof o2
ofmjsit}, whbA & AtellA= Fig. 69 2ol HA A7t
A 33 el 23 RS A Fike olsslon,
TE AA Sl sLaA 2 mm 1A F 1217H4 A
3ol sl Al FAsi olefst IS T 59 ®E

09‘.1 _,JZ{H.I

.1
o,

“.4

7 27 949l ¢, F4E 27 Fig

y-displacement

40 35
x-displacement

Fig. 7 Response surface of the 5th optimization

Fig. 8 Positions of flap (Baseline and optimum)

3.6

3.2

cl

2.8

< — Baseline
s —-=-— Optl
A ........ hecaeeas Opt.2
/; 7 — +— - Oopt3
7 —--e--— Opt4
24F "7 —e—— Opt5
<
| - | | - |
0 5 10 15
AOA

B 2} Fig. 79 2o] A A7 WA B2 el 4G
& g8tk

A7 97 B Bl TR Eae) AEA 97,
8



SELECTION OF THE OPTIMAL POSITION OF THE FLAP FOR:--

Vol.18, No.4, 2013. 12 / 45

(c) ACA=38

(d) ACA=12
Fig. 10 Velocity contours of optimal model vs AOA
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Fig. 11 Streamline around the flap at AOA =0
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Baseline 3.815 2.326 47.39 1.000
Opt. 1 3.810 2.384 51.03 1.035
Opt. 2 3.791 2.446 55.16 1.074
Opt. 3 3.770 2.593 60.06 1.125
Opt. 4 3.735 2.676 62.39 1.148
Opt. 5 (Final) 3.729 2.686 62.43 1.149
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