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Outline

• Aerodynamic Shape Optimisation

• Electromagnetic shape optimization  for reduction of radar 
cross section

• Data assimilation in Bio Fluid Mechanics
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• The aerodynamic shape optimization  system cadsos has been 
developed at SAAB during the last 5-10 years. Part of the work was 
done within the European project Aeroshape.

• The optimization technique is based on gradient calculations using the 
continuous adjoint technique.

• Cadsos can handle nonlinear objective functions and multiple nonlinear
physical and geometrical constraints.

• 2D and 3D geometry parametrization och modifications are done in
MATLAB. Grid sensitivities are computed by finite difference 
approximations.

Aerodynamic Shape Optimisation

Background
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Minimize the Drag:Minimize the Drag:

Constant Lift:

Constant pitching moment:

Constant Lift:

Constant pitching moment:

Euler flow equationsEuler flow equations

Optimization technique
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Optimization technique

Pressure Force and Moment:
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Gradient of the Force:

Adjoint solid wall bc:

Gradient of the Moment:

Adjoint solid wall bc:

Optimization technique
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Linearized optimization problem:

Modified optimization problem:

Lagrangian formulation:

Optimization technique

Physical constraints
Geometrical constraints
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Euler/Adjoint
solver

C++ FORTRAN

Euler/Adjoint
solver

C++ FORTRAN

SolutionSolution

Surface gradient
computations
Surface gradient
computations

Constraint GradientConstraint Gradient

Optimum?
No

Yes

Optimum?
No

Yes

Update des. var.
and surface grid 
Update des. var.
and surface grid 

Surface gridSurface grid

Volume grid
update

MATLAB

Volume grid
update

MATLAB
Volume gridVolume grid

Optimization system cadsos at SAAB
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Example: Aerodynamic shape optimization of a
Supersonic  Commercial Transport Aircraft

SCT



Optimization workshop, 9 May 2004, HU Berlin, presented by Per Weinerfelt, SAAB 
Aerosystems, per.weinerfelt@saab.se

Description of the SCT geometry

Wing aerodynamic reference area: 840.87 m2



Optimization workshop, 9 May 2004, HU Berlin, presented by Per Weinerfelt, SAAB 
Aerosystems, per.weinerfelt@saab.se

Surface and volume grid generation

• The CFD grid around the SCT geometry consisted of 5 structured 
blocks and 196 000 cells. 

• The mesh generation system MEGACADS, developed at DLR in 
Braunschweig, Germany, was used.

• The mesh generation procedure was executed in batch mode by 
means of script files. 

• The multi block topology was kept fixed during the optimisation.
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Formulation of the optimization problem

• Objective function: minimize drag
• Physical Constraint: constant lift
• Flow model: Euler equations (inviscid flow)
• Flow condition: M=2.0 and CL=0.12
• Thickness constraints
• Design variables: 

• 9 spline functions discribing the wing twist distribution in the spanwise direction
• 36 spline functions discribing the camber line distribution in the spanwise  

direction
• 12 spline functions discribing the radial shape of the body in the streamwise direction
• 5 spline functions discribing the camber line of the body
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Gradient validation

For gradient validation, a comparison between gradient computations using 
adjoint technique and finite difference technique was performed.

Test case: Inviscid flow over the SCT geometry, at free stream conditions 
M=2.0 and CL=0.12. Disturbance parameter ε=0.005.
The geometry was modified by means of 62 design parameters.
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Lift Drag

Gradient validation
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Optimization  results 

9.6 % drag reduction
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Pitch history during the optimization 

Optimization results 
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Wing profiles in the wing span direction

Optimization results 
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Wing profiles in the wing span direction

Optimization results 
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Centreline. Radius and thickness distribution

Optimization results 

Drag reduction from decreased thickness: 6.4% 
Total drag reduction: 16%
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Pressure on the upper surface

optimized

original

Mach number distr. on the upper surface

optimized

original

Optimization results 
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Cp distribution in the wing span direction

Optimization results 
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Cp distribution in the wing span direction

Optimization results 
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Electromagnetic shape optimization  for 
reduction of radar cross section

joint work with 

A. Bondesson and Y. Yang 
Chalmers University of Technology
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Data assimilation in Bio Fluid Mechanics

joint work with 

J. Lundvall, V. Kozlov and M. Karlsson
Linköping University
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Data assimilation
Given: Sparse measured data in space and time including noise. 

Objective: Compute data on a high resolution grid in space and time 
assuming that the physics is described by wellknown 
mathematical equations with an unknown initial condition.

Example: 
y’+y=0, y(0)=?
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Example of application fields

• Meteorology, weather forecast

• Medicine, MR measurements

• Wind tunnel experiments
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3D + T = 4D

Velocity Measurement using
MR camera
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MR Magnitude Phase (velocity)

MR-data: Magnitude and Phase Images
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Reconstruction of velocity field from MR-data

0
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vm
wm

uc
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wc

FV-
modell
(fluid)

Data 
assimilation

method
Flow-solver

Final calculation 
On a high res. grid
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Problem formulation

- measured data u* is given
- assume that the physical model is known and described by a PDE
- the boundary conditions are given
- the initial condition is unknown and used as the control variable
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Differential equation

Weak formulation Is a weak solution if

for all
P(u,ψ)=0
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Variational formulation
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Adjoint equations
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Existence of an optimal solution

• Ill posed problem
• No optimal solution exist in general
• Regularization necessary
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Existence of an optimal solution

Min. problem is equivalent to solving

T is a compact operator and the inverse problem is ill posed

The previous iteration is equivalent to the Landweber regularization method for non 
linear inverse problems

The iteration converges to the true solution if δ 0
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Application: Viscous Burgers’ equation

Adjoint equation

Data voids: V denotes a void region in the (x,t) plane and m is 
def. according to

The adjoint equation
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”Exact” solution
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Example 1: Noise data
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Example 2: Noise and void data
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• Optimization technique coupled to PDE:s have been 
presented. 

• The optimization  gradients are computed from the continuous 
governing equations and corresponding adjoint equations.

• The optimization technique has been sucessfully applied to 
three different problems:
• Aerodynamic shape optimization 
• Electromagnetic RCS optimization 
• Data assimilation in Bio Fluid Dynamics

Summary and conclusions
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• An efficient gradient based optimization  technique which can 
handle large number of design variables.

• Gradients are computed from Euler and Adjoint Euler calc.
• Good agreement with finite difference gradient calculations.
• Applied to realistic 3D aircraft configurations such as the SCT.
• The drag was reduced by 9.5% without thickness

modifications and by 16% with thickness modifications.
• Lift and pitching moment was not changed.

Summary and conclusions
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Aerodynamic Shape Optimisation

• Background
• Optimization technique
• The optimization system cadsos at SAAB
• Example: Aerodynamic shape optimization  of a SCT Aircraft
• Description of the SCT geometry and grid generation
• Aerodynamic shape optimization of the SCT geometry
• Formulation of the optimization problem
• Gradient validation
• Optimization results


