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A Numerical Solution of the Transonic Integral

Equatios and its Application to Three-Dimensional Transonic Wing Design

Susumu TAKANASHI
National Aerospace Laboratory

ABSTRACT

A numerical solution of the transonic integral equations is presented for three-
dimensional transonic wing design.

The objective of the design problem is to determine the wing geometry which
realizes a prescribed pressure distribution on the wing surface. This boundary value prob-
lem can be formulated by the transonic integral equations with artificial viscosity terms.
The resulting integral equations are simplified by introducing an approximate function
for the space velocity distribution which reduces the three-dimensional problem to a
two-dimensional one. The uniqueness of solution is guaranteed by imposing an additional
condition, i.e. the closure condition at the trailing edge. To facilitate numerical evalua-
tion of the definite integrals the wing surface is divided into a number of small rectan-
gular panels. As a result, the singular integral equations are converted to a system of
linear equations which can easily be solved by standard numerical techniques.

An extension of the integral equation method to more general and versatile
design procedure is described, and some of the design results for a transonic sweptback

wing with an isobar pattern are also presented.
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1.27 v 90,5000 €L 0.6543 €O -0.0046 1.2 v 1.0000  CL 0.5682  CD -0.0118

Y 0.3000 CL 0.6514 €0 0.0018 1.2- v 0.3000 CL 0.583S co -o0.011C
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MOOE O
. MACH 8. 7400
] CL 0.6402 CDO.0148 i
M E—
1.2- v 0.1000 CL 0.6507 €0 0.0299 1.2-% v o.7000 CL 0.6473 €0 -0.0097
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] SPECIFIED CP 7
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= ’ 1.2-
127y o0.5000 cL 0.6553 cD -0.0072 - Y 1.0000 CL 0.859) €0 -0.012)
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- 1.2
1.2=y 0.3000 CL 0.6532 €0 -0.001% Y 0.9000 CL 0.6587 co -0.0087

CL 0.6492 CD 0.0123 .

DHB4003-HING, 7

ANALYSIS=FLO-22 0-0

MODE 10 . :
MACH 0.7400 0. .

1.2 ¢y o.1000 L 0.6518  CO 0.0240 *7 v 0.7000 L 0.6593 cp -0.0107
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CL 0.6448 .
co 0.0230

MOOE O MODE 2

CL 0.6489 CL 0.6507
co 0.0238 co 0.0238

MOOE 4

0.6513 : : CL  0.6518 .
CO  0.0240 €O 0.0240

MODE 8 MOOE 10

OHB4003-HING
MACH 0.7400
Y 0.1000

7 10%A/ S/ BICET 2IERG
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WING GEOMETRY RECOVERED PRESSURE OISTRIBUTION  ]SOBAR PRTTERN (UPPER SURFACE)

OWB4003-WING, ANALYSIS=FLO-22
MACH  0.7400 CL 0.6492 co 0.0123
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