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Transonic Airfoil Design of Full Potential Flow

I. Numerical Procedure

and Its Computational Examples

Tomiko ISHIGURO, Nobuhiko KAMIYA,
and Nobuhiro KAWAI

ABSTRACT

A computational inverse procedure for transonic airfoils, in which geometries are
determined from prescribed target pressure distributions, is presented. This is an iterative
direct-inverse approach. The following two calculations are iterated until a target
pressure distribution coincides with a direct solution on a temporary surface. One
is the direct solution, which is calculated using the successive line over-relaxation
method which solves the full inviscid compressible potential flow equation in the
Neumann problem. The other is a modification of the temporary airfoil geometry,
which is determined from the conservation law of mass flux using the normal velocity
at the contour, which is obtained by solving the equation in the Dirichlet problem
where the target pressure distribution is specified at the temporary contour. Furthermore,
a boundary layer calculation is made and a displacement thickness is subtracted to yield

an actual airfoil geometry. Several examples illustrating this method are presented for
flows with and without shock waves.
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—RNALYSIS Cvy=0.607 CX=0.0084 —ANALYSIS CY=0.600 CX=0.0013
+ SPECIFIED CP CY=0.608 MxN= 80x15 + SPECIFIED CP CY=0.608 M=N= 80x:15

B7 EREENSHH

G 71-08-14 -- 0 HMa=0.710 C=1.000 1/C=1.000 G 71-08-14 -- 2 Ha=0.710 C=1.000 1/C=1.000
—HANALYSIS CY=0.785 CX=0.01860 —ANRLYSIS CY=0.794 Cx=0.0042
+ SPECIFIED CP CY=0.798 M=N= 80=15 + SPECIFIED CP CY=0.798 MxN= 80=15

X8 HEREENLA
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G 70-10-13 -- 0 M.=0.700 C=1.001 1/C=0.999 G 70-10~13 -- 3 Ha=0.700 C=1.000 1/C=1.000
—ANALYSIS €Y=0.980 CX=0.0521 ——ANRLYSIS Cvy=0.981 Cx=0.0027
+ SPECIFIED CP CY=0.8998B MaN= 80x15 + SPECIFIED CP CY=0.998 Ha=N= B80=15

Ko HEREEDHLMH

G 65-14-08 -- 0 Ma=0.550 C£=1.003 1/C=0.897 G 65-14-08 -- 3 M.=0.650 C=1.00! 1/C=0.999
—ANALYSIS CY=1.387 (CX=0.048} —ANALYSIS CY=1.404 CX=0.0048
+ SPECIFIED CP CY=1.408 RN=2.0E6 M=Nz= 80x15 + SPECIFIED CP CY=1.408 RN=2.0£6 M=N= BO=1S

X100 EBREENSH

This document is provided by JAXA.



36

TRKANASHI .B --

MZEFEHENATARE 6725

L —

" TAKANASHI .A -~

— ORIGINAL x PRESENT METHOGD
(10.1 FEHERECLIIBRREBEROHE

-0.27°

Hu=0.751 €C=1.0060 1/C=1.000 TAKANASHI .8 -- S Ha=0.751 C=1.000 1/C=1.000

—ANALYSIS Cy=0.025 CX=0.00!6 —RANALYSIS Cvr=0.024 CX=-.0000

+ SPECIFIED CP CY=0.025 RN=5.0£6 HxN= BOx15 + SPECIFIED CP CY=0.025 RN=5.0E6 M=N= B0x15

M1l BREEDD
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777-626-13 R-- 0 Ha=0.763 C=1.001 1/C=0.998 777-626-13 R-- 4 Ha=0.783 C=1.000 1/C=1.000
—ARNALYSIS CY=0.523 CX=0.0297 —HANALYSIS C¥=0.521 (Cx=0.0110
+ SPECIFIED CP CY=0.53! RN=2.0E6 MaN:= 80xl5 + SPECIFIED CP CY=0.531 RN=2.0E6 MaN= 80x15

12 EREENHA

-1.6_ ~-1.6_
~-1.2
G
~0.81
~0.4L
1
0.0 X
0.4,
0.8
1.2 1.32°
oo
NRCAB41-212R-- 0 Ma=0.577 €=1.001 1/C=0.998 NRCAG41-212A-- S Ma=0.577 C=1.000 1/C=1.000
——ANARLYSIS Cr=0.360 CX=-.0000 ——fANRLYSIS €CY=0.360 C(X=0.000!
+ SPECIFIED CP CY=0.360 RN:z2.0E6 MuN:= 80xl5 + SPECIFIED CP CY=0.360 RN=2.0E6 M=N= B0=15

E13 FEREENSMA
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NACRG641-212B-- 0 Ma=0.728 C=1.001 1/C=0.998 NACAG41-212B-- 4 Ma=0.728 C=1.000 1/C=1.000
—ARNALYSIS Cy=0.423 (X=0.0121 —ANALYSIS Cy=0.425 (CX=0.0016
+ SPECIFIED CP CY=0.425 RN=2.0E6 MuN= B80=1S5 + SPECIFIED CP (CY=0.425 RN=2.0EE M=N= 80=1S

14 BREEDAA

TAKANASHI .B 5
.~ NACAB41-212A 5
NACAB41-2128 2

— ORIGINAL x PRESENT METHOD
$14.1 ASHEEC L H2REEFROHE
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JKHSKI NO5.B-- 0 Ma=0.700 C=1.001 1/C=0.998 JKWSKI NOS.B-- S Ma=0.700 €=1.000 1/C=1.000
—RNALYSIS CY=0.573 CX=0.0138 —ANALYSIS CY=0.574 (€X=0.0006
+ SPECIFIED CP CY=0.575 RN=2.0E6 M=Nz 80=15 + SPECIFIED CP CY=0.575 RN=2.0E6 M=N= 80=x15

B15 HREENSH

X X
0.8
2.66° 1.2 0.89°
T3H003/772M -- 0 MH.=0.720 €=1.001 1/C=0.999 T3M003/724 -- 1 Ma=0.720 C=1.000 1/C€=1.000
—ABNRLYSIS €Y=0.521 Cx=0.0189 —ANALYSIS CY=0.525 CX=0.0041
+ SPECIFIED CP CY=0.525 M=N= 80x15 + SPECIFIED CP CY=0.525 MaN= 80x=15

(16 FEREENSH
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T3M003/74M -- 0 Ma=0.740
—RANALYS1S Cvy=0.501
+« SPECIFIED CP CY=0.5086

T3M003/77M1
—ANARLYSIS

-- 0 Maz=0.770
CY=0.468
+ SPECIFIED CP CY=0.481

MEFHBRHARFAERS 6725

C=1.001
CX=0.0228

C=1.001
CX=0.0419

1.2} 0.90°

e —

1/€=0.999 T3M0D3/74M -- 1 M.=0.740 C=1.000 1/C=1.000
~—ANALYSIS CY=0.506 CX=0.0042

HsN= BO=15 + SPECIFIED CP CY=0.506 MsN= 80x15

X17 BREENFAH

-

0.8}
1.2
g.81°
S ——— o
1/C=0.999 T3M003/77M -- 1 Ma=0.770 C=1.000 1/C=1.000
—ANRLYSIS CY=0.480 CX=0.0044
M=N= 80x15 + SPECIFIED CP CY=0.481 MxN= B0=15

18 HREENHAF
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EE 2R R R IR IR IR

-0 . 41

T

1.2

NI1RLO1/80M03-- 0 M.=0.800 C=1.001 1/C=0.888
—ANRALYSIS CY=0.618 Cx=0.0608

+ SPECIFIED CP CY=0.838 MaN= 80m1S

-0.8

-0. 4

0.8

g.78°

NIRLO1/80M03-- 1 M.=0.800 C=1.000 1/C=1.000
—ANALYSIS CY=0.638 (X=0.0139

+ SPECIFIED CP CY=0.639 Me=N= BO=]5

®19 BREENSH

1.2
&
_0.8 *eet et QOQOQ’
L_ +
+* *tr e+ 4 + 4+ +
I i et s Nk It
+ M
+
+
1
+
0.0 ——t—t—+ +—+ e X
0.4
0.8
1.2
-1.36°
[}
NIRLO1/BOMI p.800  C=1.000 1/C=1.000
—ANALYSIS 428 CX=0.0826

+ SPECIFIED OP 0. 443 H=N= 80x15

NIRLO1/80HI3-- 3 Ma=z0.800 €=1.000 1/€=1.000
——ANALYSIS Cy=0.442 (X=0.0118

+ SPECIFIED CP CY=0.443 M=N= 80x=15

E20 MREENFA
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#‘90""‘4

0.0

TEST A-- 0 Ma=0.710 C=1.001 1/C=0.889
—ANALYSIS Cv=0.539 (CX=0.0172
+ SPECIFIED CP CY=0.541 M=N= 80=15

TEST A-- 3 Ha=0.710 €=1.001 1/C=0.999
—ANALYSIS CY=0.541 C(Cx=0.0083
+ SPECIFIED CP CY=0.541 HaN= 80x15

B21 FEREENSH A

2.52°

TEST B-- 0 Ma=0.750 C=1.001 1/C=0.998
—ANALYSIS CY=0.534 CXx=0.0303
+ SPECIFIED CP CY=0.54! MxN= BO=15

2.40°

m : oo

TEST B-- 2 Ma=0.750 €=1.00! 1/C=0.998
—RNALYSIS C¥y=0.837 Cx=0.0207
+ SPECIFIED CP CY=0.541 MxN= BO=i5

22 FEREEDNFH
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setr e e
+*

2.99°

TEST €-- 0 hMa=0.790 C=1.001 1/C=0.98% TEST €--10 Ma=0.780 C=1.001 1/C=0.998
——ANARLYSIS Cy=0.528 Cx=0.0458 —ANALYSIS Cy=0.527 CX=0.0478
+ SPECIFIED CP CY=0.541 MxN= BOm=15 + SPECIFIED CP CY=D.541 MuN= 8015

B23 HREENIHAH

X
2.54°
>0
QUAS] TEST R-- 0 Ma=0.710 C=1.001 1/C=0.999 QUAST TEST A-- 3 M.=0.710 C=1.001 1/C=0.999
—ANALYSIS CY=0.538 CX=0.0070 ——ANALYSIS CY=0.543 CX=0.0014
+ SPECIFIED CP CY=0.541 HxN= 80x15 + SPECIFIED CP CY=0.541 MxN= 80215

24 REESFA
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QUASI TEST B-- 0 Ma=C.750 C=1.001 1/C=0.989 QUASI TEST B-- 8 M.=0.750 C=1.001 1/C=0.999
—ANRALYSIS Cy=0.537 CXx=0.0187 —RNALYSIS Cv=0.538 C€Xx=0.0080
+ SPECIFIED CP CY=0.541 MxN= BO=15 + SPECIFIED CP CY=0.541 HuN= 80x15

(425 R EHE A

*¢¢00009+¢

O'OT_

QUARS] TEST C-- 0 Ma=0.780 C=1.000 1/C=1.000 QUASI TEST C-- 7 M-=0.790 C=1.000 1/C=1.000
—RANALYSIS Cy=0.537 C(CX=0.0338 ——ANALYSIS CY=0.530 CXx=0.0296
+ SPECIFJED CP CY=0.541 M=N= B0x15 + SPECIFIED CP CY=0.54] MxN= 80=15

26 FREENDA
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