Bilateral Research and Industrial Development Enhancing
and Integrating Grid Enabled Technologies

Optimization of Multidisciplinary Wing Design
in Aerospace Industries

Foto: fotolia.de/sharply_done



Aerospace.Simulation and Design

BRIDGE has received researchfunding
of the European Commission under
the FP6 Information Society Tech-
nologies Programme (IST), contract
number IST-2006-045609.
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About BRIDGE

BRIDGE addresses bilateral research and industrial development
between EU and China for enhancing and integrating Grid-
enabled technologies. The project has attracted major industrial
and academic partners from Europe and China. The consortium
consists of 13 partners, seven from Europe and six from China.
Among them are industrial partners, research institutions and
universities.

BRIDGE aims at demonstrating the benefits of Grid technology
for international cooperation, in particular between Europe and
China. BRIDGE addresses technical issues, which result from the
far distance of the collaboration partners as well as from the con-
flicting goal of intense collaboration and protection of intellectu-
al property rights.

BRIDGE develops an interoperability interface between heteroge-
neous infrastructures based in Europe (GRIA) and in China (GOS).
It allows in particular the execution of distributed workflows and
access to distributed data repositories. Remote access to specific
analysis services will allow their controlled usage for product and
process development.



Key Objectives for High Lift and
Low Noise

The BRIDGE Aero partners' aim is the optimization of four flap
positions for a commercial aircraft wing. One of the key require-
ments for commercial aircraft is high lift and low noise at landing,
i. e. to reduce the flap noise at landing — a challenge the BRIDGE
Aerospace partners are set out to solve. The key objective is the
optimization of four flap positions of a commercial aircraft wing.
They have developed a distributed workflow for optimization
that includes at least two simulation modules. A total of five Grid
services has been developed and set-up. Each service is located
and computed on different sites, three of the services in Europe
and two in China.

The software implementation is demonstrated with the use of a
modified airplane wing.

Engine Flap

Interference Between
Wing & Fuselage

Landing Gear
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High Lift Device

A large wing with a strong curved
airfoil would be an ideal feature for an
aircraft when landing. But this would
be an obstacle when it comes to flying
at faster speeds.

To increase the area of the wing and
the camber of the airfoils the trailing
edges of aircraft wings are equipped
with flaps. Moving backward and
downward they raise the lift coeffici-
ent by increasing the camber of the
wing airfoil. This increase allows the
aircraft to generate a given amount of

lift with a slower speed.
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Services deployed within BRIDGE
Acoustic Simulation Service by EADS
and Aeroelastic Simulation Service

by AVIC II. Each service is executed

on computing platforms operated by
EADS and AVIC Il respectively.
Workflow Service and Design of Expe-
riment Service by LMS. The Workflow
Service allows for the encapsulation
of the computational workflow, the
Design of Experiment Service provides
the means for generating multiple
design alternatives.

Meta-Modelling Service by Fraunhofer
SCAI provides a high fidelity con-
densed representation of the analysis
model as defined by the workflow.
Optimization Service by AVIC Il and
Beihang University. The Optimization
Service is operated on the Meta-Model
modules provided by Fraunhofer SCAI
and executed at Fraunhofer SCAI

computer clusters.

Distributed Design Optimization

Starting point of the BRIDGE Aero Prototype is the CATIA geo-
metry model wing and body of a passenger aircraft created by
AVIC Il. Based on this model the aerodynamic analysis model and
the aeroelastic analysis model were created and the Genetic Al-
gorithm Optimization (GOA) system improved to run on CNGrid
and multi-clusters service.

CATIA geometry
model wing

The BRIDGE Aero prototype has been deployed in order to opti-
mize the flap position for an aircraft wing to reduce noise during
landing without losing lift.

To fulfill the optimization needs, the generated geometry has
been modified. Therefore, an automatic model creation tool has
been implemented generating the parameterized model accor-
ding to geometry modifications.



A complex simulation process has been set up to optimize the
flap position for an aircraft wing to reduce noise during landing
without losing lift.

= a geometry model generator

= an aerodynamic simulation service
= an aero-elastic simulation service
= 3 meta-modeling service

= an acoustic simulation service.
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BRIDGE Aero prototype: different domain integration
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Genetic Algorithm Optimization
(GAO)

The continuing price and perfor-
mance improvements of computa-
tional systems have made Genetic
Algorithms attractive for optimization.
The most important aspects of using
genetic algorithms are definition of
the objective function, definition

and implementation of the genetic
representation, and definition and im-
plementation of the genetic operators.
In BRIDGE the Numerical Optimization
Service (GAO, provided by Beihang
University) is used in conjunction with

the Meta-Modelling Service.
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Design of Experiments (DoE)
Design of Experiments (DoE) allows
to improve quality and reduce ope-
rational costs. DoE is used to answer
questions such as what are the key
factors or factor interactions influen-
cing a process, which combination of
factor ‘settings’ minimises variation in
the process output, or optimises the
process output? Variables can include
features such as performance measu-
res, subjective measures, and physical

response.

A genetic algorithm has been applied to carry out the optimiza-
tion process. Meta-Modeling technology has been used to redu-
ce the number of needed evaluations in order to accelerate the
optimization process. The workflow service captures the above
simulation process as well as the optimizer with a Grid-enabled
workflow and completes the optimization loop.

The Aerodynamic Service consists of a number of tasks that in-
clude the pre-processing steps necessary for the creation of the
simulation model as well as the solving steps. Here, a specific un-
steady CFD solver has been used.

The Aeroelastic Simulation Service provides the means for the
qualification of the

/ ~ aerospace structure

in terms of aero-

Aeroelastic Model Aerodynamic Model  elastic attributes.
/ The aeroelastic pro-
gram is an in-house
M software code de-
veloped by AVIC I
in China.

The Aeroacoustic Service is made of the meshing component, the
pre-processing component, the acoustic solver and the post-pro-
cessing component. The meshing component is able to generate



very large meshes (>100 M cells) while the acoustic solver is able
to solve such computationally intensive problems thanks to the
multi-pole method.

The Meta-Modeling Service by Fraunhofer SCAI supports the de-
finition of surrogate models for various design alternatives based
on the DoE sample points. Design optimization usually requires
a great number of design alternatives to be evaluated. Hence,
the optimization process could become very expensive in terms
of computational effort required, depending on the actual aero-
elastic and acoustic simulation effort spent at each iteration of the
process. The Meta-Modeling service is needed to make the design
optimization process feasible.

Main-Loop

Sub-Loop
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Multi-level Workflow

Integration and federation tools are
becoming more and more impor-
tant to capture complex simulation
processes and execute them. With
specific extensions of OPTIMUS to

its workflow definition, capture and
federation features, the creation of
“simulation” based workflows for the
BRIDGE project was made possible.
OPTIMUS executed the workflow in a
distributed manner on the individual
Grid infrastructure of China and
Europe, integrating the aerodynamic,
aeroelastic, aeroacoustic and Meta-
Modeling service. Together with the
Genetic Algorithm Optimizer (GAO),
it formed the complete optimization

application.
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CONTACT

Fraunhofer Institute for
Algorithms and Scientific
Computing SCAI

Yvonne Havertz and Gilbert Kalb
Schloss Birlinghoven

53754 Sankt Augustin

Germany

Phone +49 2241 14-2244
www.bridge-grid.eu

Aero Partners

LMS

¢ Workpackage leader
¢ \Workflow tools
o Workflow-based interoperability

Beihang University

e GOS infrastructure and interfaces

AVICII

® Optimization Services
¢ Genetic Algorithm Optimization
¢ Aeroelastic Simulation Service

Fraunhofer SCAI

* Meta-Model services

IT Innovation

® GRIA infrastructure and interfaces

EADS

e Acoustic Simulation Service



