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Aircraft Design for Minimum Environmental Impact

TextText

(Henderson, Perez, Martins, 2009)



Single Objective Optimization

Cost                 Fuel Burn                LTO NOx
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Minimization of Fuel Burn per Distance Flown



Minimization of Fuel Burn per Distance Flown



Multi-Objective Optimization



Aerostructural Optimization of Nonplanar Configurations
(Jansen, Perez and Martins, 2010)
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Figure 3. Possible wing geometries
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Figure 3. Possible wing geometries
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Aerostructural Optimization of Nonplanar Configurations
(Jansen, Perez and Martins, 2010)
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Figure 8. Minimum drag solution including induced, compressibility and viscous drag
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Figure 8. Minimum drag solution including induced, compressibility and viscous drag
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Aerostructural Optimization of Nonplanar Configurations
(Jansen, Perez and Martins, 2010)
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Figure 12. Maximum range solution with span constraint, including induced, compressibility
and viscous drag
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Figure 12. Maximum range solution with span constraint, including induced, compressibility
and viscous drag
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Aerostructural Optimization of Nonplanar Configurations
(Jansen, Perez and Martins, 2010)
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Figure 14. Maximum range solution without span constraint, including induced drag

(a) (b)

Figure 15. Spanwise lift, twist, thickness and stress for span constrained maximum range,
including induced drag only
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Figure 14. Maximum range solution without span constraint, including induced drag

(a) (b)

Figure 15. Spanwise lift, twist, thickness and stress for span constrained maximum range,
including induced drag only
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Aerostructural Optimization of Nonplanar Configurations
(Jansen, Perez and Martins, 2010)
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MDO of Very Flexible  Aeroservoelastic Wings
(Haghighat, Martins and Liu, 2009)



MDO of Very Flexible  Aeroservoelastic Wings
(Haghighat, Martins and Liu, 2009)



High-Fidelity Analysis and Optimization

Introduction

Aerodynamic Shape Optimization

Start from a baseline geometry that is

already designed.

High-fidelity models required for transonic

regime; high-dimensionality required to

smooth shocks.

For supersonic configurations, need

subtle shape variations to exploit

favorable shock interference.

Challenges

Cost of high-fidelity evaluations

Large numbers of design variables

Need to impose artificial thickness or

volume constraints
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• As high-fidelity models mature, the 
questions becomes: How do we use 
these models to design a system?

• Multidisciplinary design 
optimization provides an approach

Challenges
•  Cost of function evaluations
•  Large number of design variables

X

Z

Y



The Case for Efficient Sensitivity Analysis

• Use gradient-based 
optimizer when possible

• By default, most gradient-
based optimizers use finite 
differences

•When using finite 
differences with large 
numbers of design 
variables, sensitivity 
analysis is the bottleneck

• Accurate sensitivities 
needed for convergence

Optimizer

Converged?

Line search

Search 

direction

x

x0

Solver

Sensitivity 
Analysis

x*



Aerostructural Optimization
(Martins, Alonso and Reuther, 2004)



Aerostructural Optimization
(Martins, Alonso and Reuther, 2004)



Geometry: B-Spline Surfaces
(Kenway and Martins, 2010)



Geometry: Free-Form Deformation
(Kenway and Martins, 2010)



Finite-Element Structural Analysis
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(Kennedy and Martins, 2010)



Finite-Element Structural Analysis
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Finite-Element Structural Analysis
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(Kennedy and Martins, 2010)



Aerostructural Coupling	


Cp: -0.2 -0.05 0.1 0.25 0.4 0.55 0.7 0.85 1

(Kennedy, Kenway, and Martins, 2010)



Aerodynamic Shape Optimization with Stability Constraints

Challenge 3: Large Number of Design Variables Solution 3: ADjoint

Prelimiminary Optimization Results

Baseline Optimized
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(Mader, Martins, 2010)
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Wing Box Structural Topology Optimization
(James and Martins, 2008)



Wing Box Structural Topology Optimization
(James and Martins, 2008)



Aerostructural Topology Optimization with Pressurization Loads
(Lee and Martins, 2011?)
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