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Abstract

This thesis presents the work done to implement new computational tools and
methods dedicated to aircraft conceptual design sizing and optimization. These
tools have been exercised on different aircraft concepts in order to validate
them and assess their relevance and applicability to practical cases. First, a
geometry construction protocol has been developed. It is indeed essential to
have a geometry description that supports the derivation of all discretizations
and idealizations used by the different analysis modules (aerodynamics,
weights and balance, stability and control, etc.) for which an aircraft concept
is evaluated. The geometry should also be intuitive to the user, general enough
to describe a wide array of morphologies and suitable for optimization.
All these conditions are fulfilled by an appropriate parameterization of
the geometry. In addition, a tool named CADac (Computer Aided Design
aircraft) has been created in order to produce automatically a closed and
consistent CAD solid model of the designs under study. The produced CAD
model is easily meshable and therefore high-fidelity Computational Fluid
Dynamics (CFD) computations can be performed effortlessly without need
for tedious and time-consuming post-CAD geometry repair.Second, an
unsteady vortex-lattice method based on TORNADO has been implemented
in order to enlarge to scope of flight conditions that can be analyzed. It has
been validated satisfactorily for the sudden acceleration of a flat plate as well
as for the static and dynamic derivatives of the Saab 105/SK 60.Finally, a
methodology has been developed to compute quickly in a semi-empirical way
the buffet envelope of new aircraft geometries at the conceptual stage. The
parameters that demonstrate functional sensitivity to buffet onset have been
identified and their relative effect quantified. The method uses a combination
of simple sweep theory and fractional change theory as well as the buffet
onset of a seed aircraft or a provided generic buffet onset to estimate the
buffet envelope of any target geometry. The method proves to be flexible
and robust enough to predict within mainly 5% (and in any case 9%) the
buffet onset for a wide variety of aircrafts, from regional turboprop to long-
haul wide body or high-speed business jets.This work was done within the
6th European framework project SimSAC (Simulating Stability And Control)
whose task is to create a multidisciplinary simulation environment named
CEASIOM (Computerized Environment for Aircraft Synthesis and Integrated
Optimization Methods), oriented toward stability and control and specially
suited for aircraft conceptual design sizing and optimization.
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