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Transonic Wing and Airfoil Design Using
Inverse Code WINDES
by
Susumu TAKANASHI

ABSTRACT

In this paper, an iterative design procedure is presented for two- and three-dimen-
sional transonic wings with prescribed (target) pressure distributions.

The inverse code WINDES developed by the present author is used in combination
with existing flow analysis codes in the iterative design method. The iteration proceeds
in the following steps: First, the flow field is solved for an initially assumed wing by an
analysis code. Next, “WINDES” is operated, which provides the approximate amount of
wing geometry correction needed to compensate for the difference between the
computed and the target pressure distributions. Consequently a new wing is obtained
which can be used again as the input data for the analysis code. The same process is
repeated until convergence is achieved.

The advantége of the present approach is that the analysis code is retained in its
original form and therefore can be treated as a ‘“‘black box.” The adoption of several
analysis codes for potential, Euler, and ever Navier-Stokes equations has been
successfully applied to transonic design problems.

KELOENSABELZOoNILETNERERT 5

1. FaNE RUTER 2R 5 & 0> > B BHAIE b MEMOZET)

FE, aVE2—FDNA—FOz:TOHITFLL
HEFZICHOBERABEERNFEEHRICERL 1,
BIETR, BEE, 303 3RTERITWEEDHY
DBER % Navier—Stokes FHBERNEHOTHE
MICETE T A C EbAREE L > T B (FIZIIXCER
1,2 ), DI, HMENFEHFBERXZEENICHE
TR EDLOOHNEY L ab— T B EIZ3E
B NHFOROEENRT —<D—D2THhH B, C
h&EXATRRAER TIIEREHIME, FAIZIIR

* L 22 S SRR ZE T

REHCBOTHRHTEBLRETH S, REtERIR
MEHRATEET A LD SENFHEIBET 5H WA
BOEN, CoFyvriET—2 Y +EOEIHESY
BEDIENCERIE NS THA (XHR3 ),
WRAIEARE L FERB I TIHEAREINT
W3, LHL, Ths ORAL REENICIEEE
IHHm(HBOREESF) x—BREERT v ¥ ¥
WNIEEBL, ThEREHEARHLLTRT v+
W HBR A {FEDirichlet BIBETH 5, Lk
5T, HBEt o — FEIRICRFEIT o — FRRLAE
EORMEFNHNEREIN S, ULhrd, XEHER

Thic dociiment i nrovided hv TAXA



252 MEFEHTMB A EN 5 5

73 Navier—Stokes FERXDBESICITETERSLH
EFEDEHDICHOBRATIOMSZAFTHTHO,
Dirichletf7 7’0 —F TiZ N - SHERIcE S
HFREOERLIIEETHA 5,

TDESBBEENS, FICEHTLO—BHTR
BB OYEE - FWINDES %55 L 7 (X
B4), TOREECHBOTEHBEAEORETO—F&
WINDES ¢ERBEICKREFERT A EBBBETH
503, BNT 0 — FEKROHIRE—EBIE - SuEid L
BTT LD OEIT 2 — FABRR I h -8R
T, TNEELICHEIV —F VICHARAL T & H3ET
BETH 3,

E2EICBOTARFHEOBR G EHBEL, £33
KBOTChEITIRBON:-BEEREOHIORE
BE 1 < DHhRT,

2. FRETEOHE

BYRFEZOEDVOBERTNDESSBP &

DX G fRE RAYIC
P=P(F, M, Re) (21)

ERDTEILT B, TST, /85 4 —8 M, Reld
TNENHNORER= vy A FEL A/ VIETH B,
BZONIFM0S PERS BMEBEREENE L =b
N56DTHEH, s TRYMBIEEN P43
ELTHRFERDEOMEBTH 506K (21)
Récs€T

F=F (P, M, Re ) (2.2)

EZD, BELUFOBESH DR ZFDF EESELES
BLDERETEE, L4 /B, Fidgss
PNEOBBICRFORLUEELL TEEEET ¥ »
NERDHOBOND FERVBCLMTE S, AL

F=F (P, M)+ ¢R (2.3)

T>T, RIZBEIRE, el *54—42ThHU,
le|<1&7 5,

4, HEREEF, DEFLDDOWNDBBEHTH 2 &
U, TOENSBE P, BEFENB%. Pr, RO 5~ &
BEF &L, dPo=Pr—P,, 4F =F;—F, & 8 <,
[ 4F, | 13 | F [iItK 5 XTHAS O ERETNIE, &
5B 0LLT

dF, =6F, (|6|<1)
BT %, Thik

(24)

Original Wing

F
W
——| ANALYSIS |

P
+ L WINDES __ |
AF

<« F+AF

AP=P targe t_.P

M1 SEREFIR

Fr=Fst AFy=Fr+ 0 Fy=Fo+0 (Fo+€Ro )
:Fa+6‘}’:0+5 6R0=FO+AFF0 + 65Ra

~F,+ 4T, (25)
CDT EMDS Fr 2RIk BRIER, FhHz
AP IC T 2 RIEIEE 4F, 245~ & v LE#H
S & HIRIEICRET B, 1BL 4F, & < & T 4F,
DEMLMETH 205, AEDME F4A8 5 ICI38BF 3 —
FEREBIE o — FWINDES 2505 ¢ RAESA L
AR S RO (K1 ),

3. WEtBoOHM

REETAFELC LD ZHOBL ERS RS &
N, CORTHREMNRSDDIEENT B, D
BER I — FO—KEREN 218 3,

1) EXEMBI1 (CEk4 )

BT A7 P ORVE LICEFRE BERHICHE
THEE L0 BT, TDOREERS -, HitRT &
DICFEEENAAIR 6 MORBIC L > TEHI N,
ERMET 2~ FIIFLO-22 (X85 ) TH3, ¢h
BRIRTRIDVDODBERRT Vo » VIR A IEGH
BEMECL-THELI-FTHy, HABHKED
L FELNTEHDTH 5,

2) EXEHHI2 (u@r12)

HETB 1 TREBEENSBIRBHTH o728, T
DHITRERELZELODERAL, 3EBORET
IR 7o, EFREIT 2 — Fi2 FLO- 27 (3C#R6)

Thic dociiment i nrovided hv TAXA



F3EMEMETERRNEY v KV v L3RE 253

Analysis Codes

Code Name EQ. Scheme Config. Code Develop. Ex.

FLO-22 Full Potential F.D., non-cons.| Wing Jameson? Fig.3
FLO-27 Full Potential F.V., cons. Wing-Body Jameson & Cauchey © Fig.4
WIBCO Small Cisturbance | F.D., non-cons.| Wing-Body Boppe/ Fig.5
IFPWING* | Full Potential F.D., non-cons.| Wing Ishigurg:BMatsuné; Fig.6
NSFOIL Full Navier Stokes| B.W.S. Airfoil Kawa.i&l-liroselO Fig.7
CSFVM Euler McMCK Cascade Hirose Fig.8

*including Boundary Layer Correction Code "BLAY"
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