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5. Summary of Most Important Results:
(a) Coupled Lifting Configurations

A nonlinear discrete-vortex method is developed to solve for
the incompressible flow past wing-wing configurations. The method is
exact because all the boundary conditions are exactly satisfied. Addition
of an artificial viscosiéy to the vortex lines and utilization of the
vortex-core concept ensured rapid and stable convergence of the itera-
tive approach used to obtain the solution. The method is applied to
delta and delta-like wing-wing configurations. Force-Free wake configura-
tions, total-load coefficients and pressure distributions are calculated.
These results agree closely with the experimental data of Behrbom. Long-

coupled and short-coupled canard-wing configurations are handled by this

approach.
(b) General Unsteady Lifting-Surface Problems

The non-linear vortex-lattice technique is developed for
general unsteady motion of a thin wing in an imcompressible fluid. The

problem is posed in terms of a moving frame of reference attached
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solutions and experimental to the wing. Hence, the elasticity of the

wing surface is ignored. With the present method, there are no restrictions
on the planform, aspect ratio, or angle of attack as long as separation
occurs at sharp edges only. Time histories of the aerodynamic coefficients
and the wake surface can be computed for a wide range of maneuvers.

Loads are calculated using the unsteady Bernoulli equation. Roll and

yaw motions are presented as numerical examples. The loads exhibit
hysteretic-1ike behavior during cyclic motion. Satisfactory agreement

with previous results is obtained.
(c) Flow Past Arbitrary Bodies

A numerical technique that predicts the potential flow past
arbitrary bodies is presented. The technique utilizes a combination of
surface distributions of vorticity, in the form of a vortex lattice, and
sources to represent the body. The vortex lattice is formed by constant-
strength quadrilateral as well as triangular elements. The technique
features the minimum self-induced-velocity control point, which was
found to be the best choice, and uses the element loop circulations as
the unknowns while working with predetermined surface-source strengths.
The surface-source strength of every element in the lattice is taken
such that it cancels part of the freestream normal component on the
element. For blunt bodies, the combination of a vortex lattice and
sources appears to be slightly superior to either the vortex lattice or
the sources acting alone. For slender bodies, the combination offers no
apparent advantage over the vortex lattice alone, and the vortex lattice

alone appears to be superior to the sources alone. The present

technique was tested by comparing the predicted pressures with exact
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solutions and experimental data. The present method can reliably and

accurately treat flows past arbitrary bodies and can be conveniently

used in the analysis of wing-body combinations.
(d) Wing-Body Combinations

A method for calculating the steady nonlinear aercdynamic
characteristics of wing-body combinations at low subsonic speeds is
developed. The method uses a potential-flow model consisting of con-
stant strength quadrilateral vortices distributed over the wing and body
surfaces. The method accounts for separation from the lifting-surface
(wing, Eannard, tail) edges and for interference effects due to the
presence of the body; however, it does not account fcr separation from
the body. Total and distributed loads are predicted and compared with
available experimental data as well as other theoretical models.
Numerical examples are presented to demonstrate the versatility of the

method for handling a variety of configurations.
(e) Dynamic-Aerodynamic Interactions

The nonlinear unsteady vortex-lattice technique in conjunction
with a predictor-corrector method is used to calculate the dynamic
response of a thin three-dimensional wing moving through an incompressible
fluid. The problem is posed in terms of a moving reference frame
attached to the wing. With the present technique, there are no re-
strictions on the planform, angle of attack or aspect ratio as long as
separation occurs along sharp edges only and vortex bursting does not
occur. The flow field, 1oads and motion of the wing are predicted

simultaneously. The loads exhibit hysteretic behavior during cyclic

motion and aerodynamic damping is observed.
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