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SINGULAR INTEGRAL EQUATIONS IN THE DESIGN OF
INNOVATIVE AIRPLANE WING CONFIGURATIONS

Abstract. We present a short survey on the main mathematical results we have recently
obtained on the optimization of airplane Truss-Braced Wing configurations. These results
include a definition of the corresponding induced drag constrained minimization problem,
whence of the associated Euler-Lagrange system of Cauchy singular integral equations. For
the latter, we have proved the existence and uniqueness of its solution in proper weighted
Sobolev type spaces. Moreover, we have defined a simple and efficient numerical approach
for the system solution; an error estimate has also been derived.

1. Introduction

Traditional monoplane aircrafts have been used for many decades. Promising improve-
ments are represented by C-Wing, Box-Wing and Truss-Braced Wing (TBW) configu-
rations. See the figures reported below, that have been chosen from the many images
one can find in internet. Studies showed potential advantages in terms of fuel savings
and overall efficiency. These investigations have been carried out in relatively complex
multidisciplinary design and optimization computational frameworks and, thus, some
theoretical questions regarding the optimal conditions under which the induced drag is
minimized, need to be specifically addressed.

Figure 1: C-Wing aircraft [10]
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Figure 2: Box-Wing aircrafts [11],[2]

A few years ago Luciano Demasi started a project addressing open theoretical
questions on minimum induced drag conditions of Box-Wings (see Figure 2). The
work was motivated by the renovated aeronautical interest on the configuration initially
proposed by Prandtl a century ago and named by him Best Wing System for its superior
aerodynamic performance in terms of induced drag. The Box-Wing presented several
theoretical challenges and mathematical difficulties related to the closed path of the
lifting surface.

We recall that in the case of cruise speed, a three dimensional wing can be
replaced by a curve in the X — z plane. Under this assumption, first in [3], and then in
[4] (see also [9]), it was then shown that the Box-Wing, and in general closed systems,
could be analyzed as limit case of a C-Wing (i.e. open wing; see Figure 1) whose
endpoints are brought close to each other in a limit process. It was also verified that
the optimal condition for a closed system can also be asymptotically obtained from a
couple of open disjoint wings when the two wings are brought close to each other until
they identify the path of the given closed wing.

The mathematical procedures finalized to the numerical solution of the problem







































