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B Experience at the ITWM

Many industrial problems require the usage of
optimization tools

Problem 1: Black-box tools are too slow
Problem 2: Engineers do not like adjoints

Solution: Space-Mapping Optimization

René Pinnau



TTTTTTTTTTTTTTTTTTTTTT
AAAAAAAAAAAAAAA

Optimal Control of
Particles in Fluids



T = s Optimal Control of Particles

» Control of particles with mass based on ficticious-
domain techniques

» Control of mass-free oriented particles based on
Jeffery's equation

» Control of mass-free particles in turbulent fluids
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[ = o voes The Model Hierarchies

Turbulent Navier-

Particl ith
articles with mass Stokes

Laminar Navier-
Stokes

Mass-free particles

with orientation

Particles without
mass

Stokes Flow
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) T The Particle Model

Assumptions:
The particles are small, spherical and light

dry(t) = (r;(t),1) dt + ar(r;(t),t) AW,
]-CTT
ar = \/Refr, TT:]C/E

Stochastic ODE with Brownian motion

Drift is given by the mean velocity

Marheineke, VWegener
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[ & wsssvesen Stochastic Design Problem

Minimize

1

J(E[P], u;P*,u*) = (Alfo (E[P] — P*)? dt + \o((E[P] — P*)(T))2) + % /T(u — u*)? dxdt

subject to the stochastic fluid-particle model.

Monte-Carlo-Simulations are needed!
Adjoints are hard to derive!

Numerical effort exorbitant!

Marheineke, P, Resendiz
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I = s Space Mapping Idea

For the optimization we use the space mapping technique:

Fine Model Coarse Model
f(u), uelU c(2), zeU
Fu) = |f(u)—y| Clz) = lle(z) =yl

w* = argminF(u) ¥ = argminC(z)

S — —

T — B

p:U—U, argmin, [[c¢(z)— f(u)

Refs.: Bandler et al. 1994 —
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I ET(:CMSERSHAUTERN Space Mapping Setup

= Fine model:
stationary k-e-model + stochastic particle model

= Coarse model:
Navier-Stokes equations, small Reynolds number,
ODE particle model

(v-V)v = _VP‘F%AV—I—U V:-v=0 1in ()
1
V = Vip on 0€i,, v = 0 on 0€)y, R—n Vv —pn =0 on 0Nyt
C
op;(t) = v(p;(t)) in (0,77, P(0) = Py

Fully deterministic!
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Tt Space Mapping Algorithm

Agressive Space Mapping
Algorithm:

|. Set uo = 2" = argmin,||c(2) — Ydatal, Bo = I,k =0
2. While Hp (Uk) — Z*H > tolerance

3. Solve Brhi = — (p(ur) — 2%) to get hy

4. Set  Uk+1 = uk+hy

U — 2F
5.Set Bun— Bt P TR k—k
k

Hemker, et al. 2006
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[ = s Umessme Numerical Results

Paths, fine model with UC, Ref=200 Paths, fine model with uf’ Ref=200
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Optimal Design of Filters
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[ * v A Shape Design Problem

Design Goal: Find a shape such that the mass
flux is prescribed and some wall shear stresses
are fixed

inflow

Z
kﬁ
X

Outflowl
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The Model Hierarchy

Laminar Navier-
Stokes

Stokes Flow (3d)

Stokes Flow (2d)
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= Teamsa Uz Numerical Results
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Optimal Semiconductor
Design
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The Semiconductor Design Problem

Design Goal: Find a doping profile such that we
have an higher/lower current in the on/off state

Necessary for miniaturization, performance
increase and better energy consumption

METAL
ELECTRODE

(SUBSTRATE BIAS)
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The Model Hierarchy

Boltzmann Eq.

Hydrodynamic Egs.

Energy-Transport
Model

rift-Diffusion EQs.

René Pinnau
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Optimization Results

Numerical

10 ¢
r —— Reference doping profile 1
[ — - Minimizing DD doping profile
— — Minimizing ET doping profile
10° | .
< L i
3 L i
[
(& 3 4
2
2
5 10 1 E
% [ ]
o [ ]
£ b 1
Q L 4
o
a L i
107 - N ]
b —~ N 4
10—3 I I I I I I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Domain x (scaled)
DD in ET
x 10
4.5 T T T
—— Reference doping profile _
s — — DD-based Optimal doping profile B
—  ET-based Optimal doping profile ~
35 B

[d
N &) &)

Electron current density (A/cmz)

N
2

0.5

1
0.8 1
Applied voltage (V)

0.6

Drago, P.

1.2

1.4

1.6

René Pinnau

Electron current density (A/cmz)
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