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Abstract: We consider the numerical solution of structural opti-
mization problems in CFD where the state variables are supposed to
satisfy a linear or nonlinear Stokes system and the design variables
are subject to bilateral pointwise constraints. Within a primal-dual
setting, we suggest an all-at-once approach based on interior-point
methods. The discretization is taken care of by Taylor-Hood ele-
ments with respect to a simplicial triangulation of the computational
domain. The efficient numerical solution of the discretized problem
relies on path-following techniques, namely a continuation method
with an adaptive choice of the continuation step size, a long-step
path-following algorithm and a nonlinear version of Mehrotra’s al-
gorithm. The performance of the suggested methods is documented
by several illustrative numerical examples.

Keywords: shape optimization, Stokes flow problems, path-
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1. Introduction

Optimal design problems associated with fluid flow problems play a decisive
role in a wide variety of engineering applications (see, e.g., Mohammadi and
Pironneau, 2001, and the references therein). A typical example is to design
the geometry of the container of the fluid, e.g., a channel, a reservoir, or a
network of channels and reservoirs, in such a way that a desired flow velocity
and/or pressure profile is achieved. The solution of the problem amounts to
the minimization of an objective functional that depends on the so-called state
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Figure 6. Velocity field (top) and pressure distribution (bottom) associated with
the optimal shape.

4.2. Capillary barrier

Programmable microfluidic biochips and microarrays are used in pharmaceu-
tical, medical and forensic applications as well as in academic research and
development for high throughput screening, genotyping and sequencing by hy-
bridization in genomics, protein profiling in proteomics, and cytometry in cell
analysis (see Pollard and Castrodale, 2003). They are miniaturized biochemi-
cal labs that are physically and/or electronically controllable and guarantee a
precise positioning of the samples (e.g., DNA solutes or proteins) on the surface
of the chip. Recent technology uses Surface Acoustic Wave (SAW) driven mi-
crofluidic biochips whose operating principle is based on piezoelectrically actu-
ated surface acoustic waves on the surface of a chip which transport the droplet
containing probe along a lithographically produced network to reservoirs at pre-
specified surface locations serving as miniaturized chemical labs. They allow the
in-situ investigation of the dynamics of hybridization processes with extremely
high time resolution (see, e.g., Wagner et al., 2002; Wixforth, Scriba and Gauer,
2002). Fig. 7 gives an illustration of such a microfluidic biochip.

One of the issues in the optimal design of the biochips is to make sure that
the reservoir is filled with a very precise amount of the probe containing liquid.
This is taken care of by a capillary barrier placed between a channel and the
reservoir (see Fig. 8).

The SAW induced fluid flow in the channels can be described by a multi-



784 H. ANTIL, R.H.W. HOPPE, Ch. LINSENMANN



Optimal design of stationary flow problems 785



786 H. ANTIL, R.H.W. HOPPE, Ch. LINSENMANN



Optimal design of stationary flow problems 787



788 H. ANTIL, R.H.W. HOPPE, Ch. LINSENMANN



Optimal design of stationary flow problems 789



790 H. ANTIL, R.H.W. HOPPE, Ch. LINSENMANN



Optimal design of stationary flow problems 791



792 H. ANTIL, R.H.W. HOPPE, Ch. LINSENMANN



Optimal design of stationary flow problems 793



794 H. ANTIL, R.H.W. HOPPE, Ch. LINSENMANN



Optimal design of stationary flow problems 795



796 H. ANTIL, R.H.W. HOPPE, Ch. LINSENMANN


