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Abstract

AMETHOD based on camber surface source-vortex distri-
bution has been developed to calculate steady and un-

steady pressure distribution on wings and wing-body combina-
tions undergoing small-amplitude simple-harmonic pitching
motion in incompressible potential flow. The method is lin-
earized with respect to amplitude of oscillation, but is numer-
ically exact in representing the sectional profile shape. Prob-
lems considered in this paper include wings, control surfaces,
and wing-body combinations oscillating in pitching mode. To
demonstrate the accuracy of the present method, results are
compared with other available theoretical as well as experi-
mental data.

Contents
A method based on the mean camber surface singularity

distribution (as shown in Fig. 1) is presented here. One major
advantage of this method is that, for the same number of
unknowns, it requires only half the number of influence coef-
ficients to be calculated as compared to other contemporary
panel methods employing singularities on the wetted surface.
This makes the mean camber surface singularity distribution
approach to be more economical for comparable numerical
accuracy as demonstrated in Ref. 1. When the problem is
linearized with respect to amplitude of oscillation, the flow-
tangency condition, which is satisfied on the mean position of
the wetted surface, can be decomposed into steady and oscilla-
tory components. The Kutta condition for the present method
is that the vorticity is continuous at the trailing edge to ensure
zero loading there. For the oscillatory part of the problem, the
vorticity shed into the wake is related to the unknown vorticity
strength at the trailing edge of the corresponding spanwise
strip ensuring zero loading in the wake. The shed vorticity in
the wake yw at a distance st from the trailing edge can be
expressed in terms of vorticity strength at the trailing edge
JOTE for the A:th spanwise strip as

(1)

where v is the nondimensionalized frequency parameter.

For TV number of collocation points on the wetted surface,
the present numerical model will have TV + TV5 number of un-
known singularity strengths. For the calculation of steady
pressure distribution, the steady component of the flow-tan-
gency condition is satisfied at TV collocation points along with
the Kutta condition of zero vorticity strength at the trailing ege
of the TV5 spanwise strips. Thus, for steady calculation the

Received July 7, 1988; synoptic received Jan. 23, 1989. Full paper
available from National Technical Information Service, Springfield,
VA 22151, at standard price (available on request). Copyright © 1989
American Institute of Aeronautics and Astronautics, Inc. All rights
reserved.

* Assistant Professor, Aeronautical Engineering Department.
tResearch Staff, Aeronautical Engineering Department.
JProfessor, Aeronautical Engineering Department.

Gap near I.E.
Line sources (0[;)

Horseshoe vertices (Ph

V c

o I.E. points where
the kutta condition
is applied

k = Ns

._).-.

c

^

/'lst

^

-->-

\<--2

:>

V..J-.

u- — •—

M=1 with *or

M- Nc

c

icity

* Vj

°i

<H
» /

vortex

nearly varying from

)

filaments

Semi-infinite wake k-th strip (Vote

Fig. 1 Distribution of singularities on mean camber surface and
semi-inifinite wake.

number of equations is reduced to N. However, for oscillatory
calculations there are N + NS number of unknown complex
singularity stengths which have to be solved for each fre-
quency parameter. A simplified technique has been adopted
here which requires the inversion of the large (TV x TV) matrix
only once and small set of equations are solved for each
frequency parameter. A very brief description of the proce-
dure is given below.

The set of linear algebraic equations for an oscillatory prob-
lem can be written as

(2)

where G/y are the normal velocity induced at the /th control
point by j th singularity strength ^oj (n.oj includes all of the
oscillatory singularities). F\k) is the normal component of ve-
locity induced due to vorticity distribution in the wake of the
TV5 values of k when the trailing-edge vorticity strength is
unity. F/N*+1) represents the contribution to the normal veloc-
ity due to the freestream and steady-perturbation velocity
components.

Solution of Eq. (2) gives TV values of ^oj for each onset flow
F[k\ and the combined set of singularity strengths can be
written as

7VC+1 . v^ (k) (K)
= Hof + L Mo/ JOTE

k=\
(3)

where y(oTE are the unknown oscillatory vorticity strengths at
the trailing edge. By invoking the Kutta condition and using
Eq. (3), a set of linear equations in JQTE can be obtained as

"s
a, / = 1,2,...TV5 (4)

where Pik and Q/ are complex constants. Substituting 7^7^ in
Eq. (3), the unknown oscillatory singularity strengths can be
obtained. Once the singularity strengths are known, the pres-
sure distribution and overall forces can easily be calculated.

Results of the present method have been compared with the
existing theoretical results2 and measured experimental val-
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—— Geissler Method ( 2 )
«> Present Method

Experimental Data( 3 )

Fig. 2 Comparison of unsteady pressure distribution Cp ( = Cp
+ iCp) for a rectangular wing oscillating with amplitude 80 about
mean angle of incidence a = 6 deg at 55% semispan.

—— Geissler Method ( 2)
» Present Method

---- Linear Theory ( 2 )
Experfmehtal Data( U \

y/s --.7

—— Wing-Fuselage
• ,® Wing alone

Fig. 3 Comparison of unsteady pressure distribution C ( = Cp
+ iCp) for a swept wing with oscillating control surface having ampli-
tude of deflection 60 •

b)

Fig. 4 Unsteady pressure (C = CP + iCp ) and lift distribution on a
rectangular wing with and without fuselage oscillating with amplitude
BO about mean angle of incidence a = 0 deg. a) Chordwise pressure
distribution at 92.4% semispan; and b) Spanwise distribution of un-
steady sectional lift coefficient.

ues3'4 in Figs. 2 and 3. The comparison shows good agreement.
A simple case of wing-body combination, a rectangular wing
mounted on a circular fuselage, has been considered. In order
to show the effect of the body, the pressure distribution on the
wing with and without the body has been plotted in Fig. 4.
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