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Institute of Numerical Methods in Mechanical Engineering
Technische Universität Darmstadt

Dolivostraße 15, 64293 Darmstadt, Germany
e-mail: munz@fnb.tu-darmstadt.de, web page: http://www.fnb.tu-darmstadt.de/

ABSTRACT

Topology optimization is a commonly used method in various fields of engineering for improving
the design of a product or individual components of it in an early stage of development. Used
mainly for structural optimization in the past, it has recently received an increasing attention
in other disciplines like acoustic and fluid flow optimization. However, not much research has
been done in simultaneously optimizing the acoustic as well as the fluid flow properties.

Most of the available topology optimization approaches work on fixed Cartesian grids to over-
come the problem of regenerating a body-fitted grid due to large deformations or topological
changes of the flow domain. One of these approaches, which is also used in the present work,
is the Brinkman penalization method [1] that models the solid part of the flow domain as a
porous medium with a permeability tending to zero. For the representation of the solid-fluid
interface we utilize non-uniform rational basis splines (NURBS) and use their control points as
design variables. Therefore, we are able to describe complex shapes with a small number of
design variables compared to other approaches. By introducing multiple NURBS, which can
overlap each other or vanish, it is possible to realize topological changes in the domain during
the optimization process.
The incompressible Navier-Stokes equations are solved with a block-structured finite volume
based solver. For the acoustic field we use the Expansion about Incompressible Flow (EIF)
[2, 3] and compute the acoustic quantities with the linearized Euler equations (LEE). To model
the reflection of incoming acoustic waves at the immersed boundaries a jump in the acoustic
impedance between the fluid and the solid part is introduced.

To validate the presented method we first compare it to a test case with a body-fitted grid
without any optimization. After that, we show the capability for topological changes of the
proposed method with a multi-objective optimization test case. Here the pressure drop of a
channel flow and the acoustic permeability of the channel are minimized simultaneously.
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