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Abstract

This paper is concerned on the generation of an optimal section of wing in
ground effect by a SQP method which is one of nonlinear optimization techniques.
A potential panel method is used for the flow analysis and the ground effect is
taken into account by an image method. The numerical method is first verified by
an inverse problem where a shape of wing section is sought for the prescribed
pressure distribution. The purpose of the present paper is to generate a wing
section which can give a maximum lift subjected to the design constraints including
the height stability which is important in the WIG design. The effect of the tail
wing is also included.
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A7} TVt AR WIGKH Ze- a2 gy
o dutef g GAle HZAHA 7YE ol &shs
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3} 7ol e A7+ Suzuki et al.(12)
3} Rozhdestvensky et al.[13) o] <t}
Suzuki et al.[12)2  SQP(Sequential
Quadratic Programming) ¥ ITaldsidyle
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FoI GHEX e ENE Fobe o
MPez HAE APFPon], Lee et al.[15)
T o2t o 2a¢ 2 33 9y 3A
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on wing surface (2)
n< B |52 gl @4 vectorelt)
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Fig.1 Coordinate system
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y = \/(x—x')z-}-(z+z')2 )
oA714 g9 I'e A~e2¢t BeH Ao Frnol
o} 2 22 23F ANFEe Ageln e A
el adael ZAAHET ALdel AZlE veld
th 9 A& EAAARA, KuttaRd 2 23}
Aol Me) MAZAE UEAIEE S HE

i)
fou
0%
e
fol
1]

78 % Uk
Bl SAYAS = g ¥ D /404
2HE A% (714 ck Zzed)e 2zt e
2}
(Un+ ¢ )%+ 9.2
UL

-/ Con.ds %)

Cp= 1- (6)

CL=

Cues= — [ Come- (0.25c—2)ds ®

WIGS] =4ist Xxotx 4

T < Aele H AWM (static stabili-
ty)# EHFE A (dynamic stability) 28 U=
4 slon] AN 2HE UEA|AM 534
A AL WEAAA "ok weby 2]
WIGAA e FAMEYY F5270] HA
ofth,  WIGHMe] AALMEAg g Hroke
Irodov (16)715F2% B2l o] 4oz f§%
HoH(ARY 71838 sigolnh).

CMz

HS = CLZ_-_C?—CLa<O (9

714 H.S.& 3%l wWE ¥4 (Height
Stability) S 9nigtn F A Hxps v]Es 9
n|gch $14e] Bl ouie 1= WSl mE
28 54 (Aerodynamic Center , Cu/Cr)°] ¢
A Qgtel] Mg FEFHU( Cu,/Cr. )BT Fell
slefol "rhe &4olth

2.2 HESH2 M FAIsie} S RIAHA

HHzt FAlo FAshe Tl BAE FEF
FPog Wds= Zolth ole AANSF, FH
s dPstn olAL Ao Pz XE
e} RE A ALZ2AL Blsl o)EE 4
o2 #¥shes Aol

AMAMS HA

Journal of SNAK, Vol. 36 No. 3, August 1999



BIME AX3 71EE 0188 2 AWHaTelo] ga4dA

dARTRE 22k 9@AE Yeille @ilE
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3. Artdat 2 EE
3.1 &Y (Inverse Method)

2 M Aed sqQPEY HES YA
TR GAEEE F1 o ARI gfgshe

4e FoPhe dae AlEsigch MAWS
T7WR( #1, by, B3, 84, €1, €2, C3)O1H] B3
(12)48 ARgslgth. 27198 NACA0006
T3 A¥A7rF 4eiF(18) NACA0012( @
6, hfc = x )9 QJALTZ FRo o
Fig.2¢] Hole v} Zo] NACA00129] ©e&
JE Y-S & 5 Sl w2 gdgs
T g3 44EE o8 A4 AE o 8
A&+ dYT B =Foa] NACAQ0128 A

oo rfr rr o2t

AR AL APATH} Wne AN X BN
AF37] sideltt Fig.29] 7% wHEee 25
glolm ojmjel 2ak= 3.25x10 oIt} ooz
SQPRe] EHA g AlsES Rl
------------ NACA 0006
- Target (NACA0012)
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g_] .0 r <
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(b) Pressure distribution
Fig.2 Optimum wing section and pressure
distribution ( Inverse Method )
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Example 1 :

_5_&_'[”0_/.:9. X,“E—;E—} olg

o] 7% dAMSE 7Heln B, Ao
Z712 Table 1o FU3 30 8oz
NACAQO158 AREstd HAZE Alxsigc)
#32 3 43 g% Table 19 Jeh} 9o},

Table 1. Example 1

Desi )
gjsxgn oty B3, 8,01, C2, 03
variables
Objecti
0 . Ve f=-C_L
function
t1=0, min[Cp]> —1.56,
Constraints min[z,(x)]1>0.001

(A—Ap)?*< (0.1A0)°

Initial wing NACA 0015
. . Objective Iteration
Optimum wing ;
function value number
a=3 h/c=0.1 2.220 24
a=3 h/c=02 2.190 34
a =3 h/c=05 2.061 31

Fig.32 HZ3le] AxE Jehv Fig.3(a)
< h/c(Fig.19] B2l nle} o] he xdoan
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g TEZRY Azl ce IZ=)7F 0.1,
0.2. 0.5 oA HA3Z 3] F3& Vepdct
h/c7t A28 o 2 AWE Ze ¥l AAE
< B 5 ok 4459 A Gt UiF- &S A
$ 27 ¥R A7le el (separation) 83
Teido| 2o 1Eid & glome Fasich
Fig.3(b)e & 7359 AHEXE HAFEd
h/c7} ZH&rE gEFqle] 4Fo g o|Fse |
HAEYE gFoz IFHO Uedd. YHEX
e AT HA g=HM Hdle] CLE Ze 3

FREFTA 2 Afolg B},

— OPTIMUMa = 3, h/c= 0.1
- OPTIMUM o = 3°, We= 0.2
- OPTIMUMo =3, Wc= 05

(a) Optimum wing section

a=3
OPTIMUM bhe=0.1

------ OPTIMUM We=0.2
-i= ===~ OPTIMUM Wc=0.5

(b) Pressure distribution

Fig.3 Optimum wing sections and
pressure distribution ( Example 1 )

Example 2 : HEOIHME DIEFIHA 5
o CL2 2= olf

Y AW ES WA HHBE =2
& A=At Table 2& AAMST, FHTF
Agzde HoFn 3len] HHZ) g FAl
F3 vk 271 ¥ NACAB415E AHE3I
I FARXE ays] dARse AW BEY
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o A% MRS AgPT @=FId 371X 1
E8sHh/c = 0.1, 0.2, 0.5)% Fol ARsR
o ZUES ANe 9l YPOIRE 0.25c3
EERIEE

Table 2. Example 2

Design
. C1,C2,C3
variables
Objective
. f=-C
function

Constraints | min[Cpl= —1.56, H.S. <0

Initial wing

(NACA Optimum wing
6415)
. Objective
Lift . .
o function | Iteration
coefficient ) b
value | number
(Co)

(Cr)
a=3 h/c=01 1.247 1.175 18

a=3 h/c=02 1170 0.941 16

a=3 h/c=05 1107 0.597 13

F4& BodFa it

Fig.4(b)¥ h/c=0.2 ¥ o =34 X33
Jge] nxe] W& CY 3} 271Y¥9 e
EAl0 BdFa gl mer) Yol wetk ¢
o] F7kIARt FHIEANME Crol F43] Eo
Zc} ole ¢dAtzto]l ZEuiyt o An L.E.olA
gie] ZE dEe] A7le BH-EF(channel
flow) d¥o=2 FMET (YHEF HHogy
H).

Fig.4(c)¥ h/c = 0.2414 HA3ZE drie]
37K =M Cp FH& HoFed], AW 7}
7tolelMe AW GrslE Alolold R4 &
a2 9% 4= FFHRAMEDZ & 49
F7HE A4E # Utk = G7le] SREaA
S¥EZY FE e f&o] FF3] WAzt
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2 Q) YPRTo} oz BE ¥ 4 Uk of
2 @4 fEel Fig 4(b)olN BedFeulst 2
of A7 Byl W7k 25 2] qYuct 3
o) Bole @ % Uk

OPTIMUM h/c = 0.5

OPTIMUM h/c = 0.2

T

OPTIMUM h/c = 0.1

NACA 6415

a) Optimum wing section
at h/c = 0.1, 0.2, 0.5

3.0 "
- as- NACA 6415 a= 1T
25} a=3
S a=5
20+ ———— oPTIMUM a=1T
e a=3
~ *hpy e e — (1=5"
Qs N L

10

0.5f

299

(b) CL vs h/c for the optimum wing
at h/c = 0.2

(¢) Cp curve for the optimum
at h/c = 0.2

48y, 25¢

6.0
——— NACA 6415

4.0F ——— OPTIMUM (We=0.1)
——— OPTIMUM (ke = 0.2)

20t ———— OPTIMUM (Wc= 0.5)

° P

0.0

=20+

I

445 o1 07 03 04 05 06
h ; c

{d) Comparision of H.S. for the three
optimum wings

Fig.4 Result of Example 2

Fig.5 Convergence history for Cp and
section for the optimum wing
at h/c = 0.1

off

AT

Fig.4(d)= 37K nxolr HH3gh ©
21999 nmd ©E G FPE
gt 2710ge vE nEdd AHHE T
AAG HHejgel A AT FPB 1%
olellHE 1.8, < 0 7} Hlo} YL VI
g 2 4 Yn FAnTANE Aol QI o

2ol BiEe Ao Pa gl Wt 2
¢ 4 9g olel@ BAF WIS Yzl F
7ha gleixn] WIGHS] Fejo] Al Ha

e}

e

4

o Yo
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Example 3 : w2|diio] HetEg 1124510
HEOIHME atESIHAM F] ¢ 2
= os

_

2 mENE FAs <
22 2 ﬂ‘éﬂ sl FE
BAPEIE S wEshe HAHPdol ¥ © ¥
% NACAG4158 ARSI
A ¥

r

Nﬁ o%

FAREE uAse HAMs=
Alg 37WHE ARt

Table 3. Example 3

Design
. C1,C2, C3
variables
Objective
) f=-C
function

Constraints | min[Cp]= —1.56, H.S. <0
Initial wing
(NACA

6415)
Lift Objective

Coefficient | function
(C) value (Cp)

Optimum wing

{teration

number

Position of

i o o] 1122 1134 | 3
Position of

o ol 1129 1159 19
Position of |4 1.201 19

tail wing 0.5

a=3%|1 ojfe] 3%+ h/c = 0.28 %
atder mefd/le Fig.6(a)olr Elluksh 2
o] NACAQ012E AR&38lia Hxle 37H] o
(0.3, 04, 0.5, F=F 1& B} E W3le
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Alggstact. e} Aeet eI E ZHES A
A 7ol A FE 0.25¢91A] BT

Fig.6(b)= meld7le] A& vhreld HA
35 AHS Zoel 439 gle A9y 932
BAFy g, mdNzt e BE F-elM
nivt e A5 JEEc AWrt 23 F
Ao meldrie] HRjol] @E Wsle 34 S
< % F Ao Fig.6(c)e meldie a7t
0.4°14 #H3}3 g3 7] NACAB4159 2
Lo & CLg BHFa 3len h/c=0.20]3}
Me HHYYPe] & CLg B9 3 U5S ¢
T Atk Fig.6(d) e AL vdeplle 2
Aoln z71ejgo] Ao nE koA B S
Holg whde] UYL (.20]3A S
Btk webd Z27|F R JEgeE 3]
I AT OEAE & e 4FE AT +
U< Holm glon B A9 /S dE3)
1 icka o}

NaCAo012

e — 7Tv,,“x_~_,ﬁ,4._i,,1 14

—

(a) Initial wing section

o —
// e \

e T T T T T
// JESIURREIEESEE -7»«\:\\,, —

R - T T e

OPTIMUM (Tail wing 0.3)

e

<~ - T J——t

OPTIMUM ( T atl wing 0.4)

/ I T "\\\‘7 \\‘\—\;
S ——— ~—_

(7’ — _ —_ T T

OPTIMUM (Tall wing 0 5
é/ e *;”fﬁM - \«:\,,:\:
OPTIMUM ( No tatl wing )

(b) Optimum wing section
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OPTIMUM 0.4

2.0

ULSN\L
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0.5+
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(c) Cp vs h/c for the optimum wing

section at tail wing 0.4

6.0

4.0

2.0f

0.0[«"*_ e + *

-2.0

B VY BV o3 0q 05 06
¢

(d) H.S. vs h/c for the optimum wing
section at tail wing 0.4

Fig.6 Result of Example 3
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