
The challenging and ever-changing transport sector poses new requests

and challenges to the international community, related to the design and

the improvement of an aircraft’s performance in the aerospace field and

consists the objective of recent research.

The motivations of this current diploma thesis are:

• The demand for conceptual multiphysics simulations applied on

aircraft wing modelling

• The need for more lightweight and design-oriented structures with a

balance between aerodynamic and operational performance

• The requirement for more accurate simulation of the fluid-structure

interaction(FSI) between the flow and the structure

The scope of this computational research is:

▪ The development of a high fidelity procedure that support the

Computational Fluid Dynamic(CFD) and Computational Structural

Mechanics(CSM) along the wing of small commercial aircraft

▪ The couple of the CSM and CFD results with the high fidelity Structural

Optimization Algorithms(SOA) to reduce the overall weight of the

aircraft wing

The steps to achieve this thesis are to:

▪ Develop a Computer-Aided Design(CAD) model of the wing’s

geometry under investigation

▪ Translate the CAD model into an FEA Model for CFD and FEA

applications

▪ Build the fluid domain and solve the CFD equations for the specific

boundary and environmental conditions of the aircraft flight

▪ Propose a rigid and stiff structural wingbox as an initial design point,

designed to support the skin of the aircraft under the cruise fluid

flows

▪ Map the fluid pressure from the flow simulation to the finite element

grid to solve the Fluid-Structure coupled formulation

▪ Study the structural and fluid simulations and investigate the finite

element analysis results

▪ Develop a surrogate-based optimization plan to reduce the mass of

the aircraft wing using multidimensional Open-Source optimization

algorithm

NX

STAR-
CCM+

Simcenter 
3D

Pycharm

GEORGIOS DRAKOYLAS

ΑΜ: 1047282

SUPERVISOR PROFESSOR: KOSTOPOULOS VASILIS

Introduction

AML
APPLIED MECHΑNICS LABORATORY

UNIVERSITY OF PATRAS, GREECE

Department of Mechanical 

Engineering and Aeronautics

ΝX: Computer Aided Design(CAD) Environment 
STAR CCM+: Computational Fluid Dynamics(CFD) Software
Simcenter 3D: Computational Structural Mechanics(CSM) Software
PyCharm: Integrated Programming Development Environment (IDE)

CAD:

Design of external and internal 
geometry

-Skin, ribs και spars

CFD:

- Mesh generation

-Fluid flow 
conditions

-Boundary 
conditions

FEA:

- Finite Element 
mesh

-Material properties

FSI(one-way):

- Import the FE mesh grid 

- CFD Analysis converge

-Μap the pressure from the 
Finite Volume  Elements to 

Finite Elements

FEA:

-Import pressure field

- Boundary Conditions

-Finite Element Analysis

Optimization Algorithm:

- Develop  the PSO, Nelder-
Mead, NSGA-III algorithms

- Constraints, Bounds, Objective, 
Initial Conditions

-Solve the Optimization 
Algorithms
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Figure 2: Computational flow chart

Figure 1: Software tools workflow

Conclusion

Figure 3: Aircraft wing CESSNA CITATION CJ4 Figure 4: Locations of spars and ribs 

Figure 5: Velocity streamlines across aircraft  Figure 6: Pressure contours across aircraft  

Figure 7: Mapped Pressure from FSI(one-way) Figure 8: Displacement(left) and Stress(right) results

Figure 9: Reduction of mass for isotropic material
Figure 10: Reduction of mass for composite material

The achievements of this multidisciplinary research are summarised below:

• Design the entire aircraft internal and external assembly components of the aircraft wing

• Study of the aircraft flow conditions and model them with the CFD analysis

• Simulate the fluid-structure interaction(one-way) and map the pressure of the fluid across the wing to analyse the structural behavior of the aircraft wing

• Study the material properties of the isotropic and composite materials, and their effect on the stiffness and the weight of the structural parts of the wing

• Lead the structural results of the FEA with the Optimization Algorithms (NSGA-III, PSO, Nelder-Mead) to the reduction of the wing mass both for isotropic

and composite material modeling


