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観測データと数値モデルを組み合わせて
データセットを作成するための手法
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数値モデルを利用した4次元的な内挿／外挿／グリッド化
異なる種類の観測データの統合

モデルの入力パラメータ(初期条件、境界条件など)の
チューニングの自動化
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観測とシミュレーションを
組み合わせたデータ同化
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(制御変数cは初期・境界条件、パラメータなど)

数値モデルと随伴方程式

数値モデルの前方積分とadjoint方程式(λn=A*λn+1)
の後方積分を繰り返して、制御変数の最適解を求める。
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Target: Deep water warming (0.01-0.003�C ) detected in the recent 
decade (WOCE-WOCE revisit) by JAMSTEC group
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Abstract
The adjoint method has long been considered as the tool of choice for
gradient-based optimisation in computational fluid dynamics (CFD). It is the
independence of the computational cost from the number of design variables that
makes it particularly attractive for problems with large design spaces. Originally
developed by Lions and Pironneau in the 70’s, the adjoint method has evolved
towards a standard tool within the development processes of the aeronautical
industries. Its uptake in the automotive industry, however, lags behind. The first
systematic applications of adjoint methods in automotive CFD have interestingly not
taken place in the classical shape design arena, but in a relatively young discipline of
sensitivity-based optimisation: fluid dynamic topology optimisation. While being an
established concept in structure mechanics for decades already, its transfer to fluid
dynamics took place just ten years ago. We demonstrate that specifically for ducted
flow applications, like airducts for cabin ventilation or engine intake ports, it
constitutes a very powerful tool and has matured over the last years to a level that
allows its systematic usage for various automotive applications. To drive adjoint-based
shape optimisation to the same degree of maturity and robustness for car
applications is the subject of ongoing research collaborations between academia and
the car industry. Achievements and challenges encountered during these efforts are
presented.

1 Background
Computational Fluid Dynamics (CFD) is a central element of the automotive develop-
ment process. Besides the classical external aerodynamics for the prediction of drag and
lift coefficients, there is a whole plethora of applications for ducted flows: airducts for
cabin ventilation, engine intake ports, exhaust systems including catalytic converters, air
intakes, water jackets of cylinder heads, cooling plates for electric vehicle battery packs
and many more (Figure ). The standard procedure of developing these parts still consists
of manual iteration loops between designer and computational engineer, and automatic
optimisation methods are being used systematically only for some selected CFD appli-
cations (e.g. for airducts, Figure ). Via an automatic process chain consisting of a CAD
(Computer-Aided Design) system, meshing software, CFD solver and post-processor a
black-box optimisation algorithm, typically of the evolutionary strategy type, is employed
to drive a parameterised CAD-model into an optimal state.
Due to the high computational effort associated with black-box optimisation, where the

number of CFD evaluations scales roughly linearly with the number of design variables,
the explorable design space is very limited: In our current practice, these methods cannot
afford more than ten design parameters. An additional obstacle that inhibits the further

© 2014 Othmer; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons Attribu-
tion License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any
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