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Topology Optimization K. Yaji, Osaka Univ

Powerful tool for generating novel designs

e

l..]

Heatsink Flow battery Heat Exchanger
[Yaji et al., SMO, 2018] [Yaji et al., SMO, 2018] [Kobayashi et al., arXiv, 2020]

30of12



Fundamental Issues of Topology Optimization

Solving optimization problems becomes hard
when dealing with complex physics.

Topology optimization
cannot avoid multimodality.

f

Massive computational cost for getting a local optimum
&
Sometimes patient parameter study...

~

K. Yaji, Osaka Univ
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Multi-Fidelity Design Optimization K. Yaji, Osaka Univ

Original complex optimization problem is efficiently solved by
low-fidelity analysis with a few high-fidelity analysis.

High-fidelity ]

model (HFM)
Dimensionality Simpler physics
reduction

Linearization Simpler geometry

Y
Partially con-
verged analysis

Less refinement

~
Low-fidelity
model (LFM)

[Fernandez-Godino et al., AIAA Journal, 2019]
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Topology Optimization with Low-fidelity Model  « Yaji 0saka Univ

Original analysis model is replaced with low-fidelity modell.

Related works

v Zhao et al., Int J Heat Mass Transf (2018): Forced convection
(HF: turbulence, LF: Darcy)
v' Haertel et al., Int J Heat Mass Transf (2018): Heatsink (HF: 3D, LF: 2D)

v Asmussen et al., Struct Multidisc Optim (2019): Natural convection
(HF: Navier-Stokes, LF: Darcy)

BRSNS 8
o etal, IJHMT, 2018]

Tuning parameter [Zha

Yes
Original Low-fidelity . High-fidelity :
) model ) } )| Optimization| ) check ) ( Final result
| S|

Appropriate parameter in low-fidelity model is changed during optimization.
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Basic Framework of Our Study K. Yaji, Osaka Univ

Optimizations under High-fidelity
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Case 1: Pressure Drop Minimization K. Yaji, Osaka Univ

Original problem

14

subjectto G = fde — Viax <0
D

0<yx) <1, Vxe D

\

minimize  Jg = /(—n -u)(p + plul?/2)dr

J

v" Velocity u and pressure p are given by solving

turbulence model (k-€ RANS).
v" Objective function: pressure drop
v Reynolds number: Re = 10,000

Parameter Symbol Value Unit

Fixed design domain D

Inlet width Lin 1.0 m

Inlet speed Uin 0.01 m/s

Kinematic viscosity v 1.0 x 1076 m?/s i
Fluid density Pt 1.0 x 103 kg/m?

Low-fidelity problem

\
minimize Ja(y®), d) = / (—n - @)(p + |a]%/2)dr
y [
subject to  G(yW) = / YR dQ — Ve <0
D
0< y(k)(x) <1, VxeD
@r given sgk), k=1,.. K Y

v Velocity u and pressure p are given by solving
Navier-Stokes equations (Low-Re Laminar flow).

v Re(s1) = Re + (Re — Re)s; 0 < s1 <1
v" Density approach [Borrvall & Petersson, IUNMF, 2003]

Parameter Symbol Value

Tuning parameter q 0.01
Inverse permeability o 1.0 x 10*
Inlet speed l~]in 1.0
Reynolds number (Reyg, Repq) (30, 120)
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Numerical Results K. Yaji, Osaka Univ

High-fidelity evaluation
t find iy ', k* = arg min { (i)
k

=

No.
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Case 2: Heatsink Design

Original problem

maximize

" /hs — C/P
subjectto 0 < y(x) <1, Vxe D

L

v" Turbulent heat transfer (k-€ RANS model)

v" Objective function: thermal conductance /
pumping power

v Reynolds number: Re = 5,000

Parameter Symbol Value Unit
Inlet width Li, 0.02 m
Inlet speed Uin 0.2 m/s
Kinematic viscosity v 1.0x 1076 m?/s
Fixed design domain
Fluid density of 1.0 x 10° kg/m3 9 D
Fluid specific heat ot 42 % 10° J/(kg K)
Prandtl number Pr 7.0 - r - —
Turbulent Prandtl number Pr, 0.9 - R gy-m_ m-eTri-c; -bEl;ra;lr_y BN ou
Inlet temperature Tin 293 K
Solid density 05 2.7 x 10° kg/m?
Solid specific heat Cs 910 J/(kg K)
Solid thermal conductivity ks 237 W/(m K)
Prescribed heat source Ohs 1.0 x 106 W/m3

Low-fidelity problem ~
maximize Jus (v, %) = / O(y")d0
yk D
0<yWMx) <1, ¥xeD

subject to

for given stk = {sgk) s(zk)}T, k=1,..,K

L V.
v’ Laminar heat transfer

v" Objective function: amount of heat exchange
v’ Re(sq) :&+(R_e—&)s1,0 <5 <

B(s)) =B+ (B—B)s2,0 <55 <1
v" Density approach [Matsumori et al., SMO, 2013]

Parameter Symbol Value ‘ . A ‘
Prandtl number Pr 7.0 .’
Tuning parameter q 0.01 ‘ '

Inverse permeability o 1.0 x 10* ’ ‘
Pressure loss Ap 1.0 ( ‘
Inlet temperature Tin 0.0 .«
Reynolds number (Rey, Rens) (500, 1200) . ‘ -

Heat transfer coefficient (8, B) (100, 1500)
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Numerical Results

High-fidelity evaluation

find yt(f*), k* = arg min {/hs()’t(f))}
k
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K. Yaji, Osaka Univ
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Best design: J,, = 5.07
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Reference design: /. = 3.91
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CO“CIUSiOnS K. Yaji, Osaka Univ

We proposed a framework of multi-fidelity design for topology optimization
problems, and applied it to turbulent flow design problems.

Future works

v Applications to design optimization problems considering other complex
physics—nonlinear structural mechanics, etc.

v' Strategy for determining formulation of low-fidelity optimization problems

Recent related works

o
T

stress (log scale)

y Volume

Flow battery Fin-and-tube heat exchanger Deep generative model

[Yaji et al., Proc ASME IDETC/CIE, 2019] [Kobayashi et al., Appl Therm Eng, 2019] [Yamasaki et al., arXiv, 2020]
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