© —MHAFEABARGEIZR

A-03-04

FEIZEERMIXE Vol.30 (20255F68)

BIOMME BT HHES

BASHEIZ=

TEEBERAE—ST 4 AMBZAHAWETILFITUTIL
ik & BIEAERET

Advanced Heat Transfer Design via Multi-material Topology optimization

Composed of void and graded lattice
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In this study, a topology-optimized design of a non-uniform porous heat sink with a voided lattice was
conducted to improve the performance of the non-uniform heat sink. The micro-architecture of the
inhomogeneous lattice was directly modeled based on the actual design variable distribution, and the
performance was compared with that of a conventional heat sink under constant pressure drop conditions
by steady-state thermo-fluid finite element (FE) analysis. Based on our FE analysis, it was confirmed that
the optimal structure obtained from this numerical analysis can improve the performance by up to 25%

compared to conventional plate fins.
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Fig 1. Schematic of 3D microchannel heat sink
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Table 1. Dimention of the model

Ly [mm] 50

Ly [mm] 50
Inlet size Lin X Lin [mm] 5
Fluid thickness 2H; [mm] 5

Base thickness 2Hp [mm] 1

Table 2. Material property of fluid(water)

Viscosity coefficient ur [Pa * s] 1.004 X107

Density pr [kg/m?] 998
Heat conductivity kr [W/mK] 0.598
Specific heat cpr [J/kgK] 4180

© —MHAFEABARGEIZR

Fluid thickness : 2H,
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Table 3. Material property of solid(Aluminum alloy)

Density ps [kg/m?] 2000
Heat conductivity ks [W/mK] 100
Specific heat ¢ps [J/kgK] 900
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Fig 3. Assumption for temperature and velocity fields inside
a two-dimensional channel
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Fig 4. BCC lattice structure
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Fig 5. Boundary condition for RVE method
() HETE

AFENTIZILA Y 7 b U = 7 Comsol Multiphysics6.2 %
WCAToTe, BEEY 2 — N2 HWCRAREL BN L
BIREY 22—/, BKRIGHE D 2 — L R OEFREERE D
2 — VORI K B EGRIRMRNT 21T o7z, RFHEHOE
NIRRT TFED R TH ZMMAI Z FV iz, 7n
B, RHEEOT 4 E ) B L OEHIIMATLABT
1To7-.

T LFE T, Kob)WRT R LISIBRD T LT Y X
LEER L.

Each unit devided by 10 X 10 quad mesh

(a) FEM mesh used in optimization
(100 X200 in design domain)

Average all design variables (y;, y2)

S af df dg 9,
Sum up all sensitivity (-é-f- .-a-]‘;— *3}9“ .Brf-)
1 2 1 2

within each unit

l

Obtain representative values
for design variables and sensitivities in the unit

I

I Update design variables by using representative values |

I Substitute new variable to each mesh |

(b) Unit filtering technique
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Table 4. Validity of Direct analysis mesh
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Pin [Pa] uin [m/s]
Model Direct Error [%]
1 1.70x1072 1.51x1072 13.1
10 7.22x102 | 6.21x10? 16.3
50 0.156 0.138 12.6

Table 6. Error of Numax between model and direct analysis

Pin [Pa] Nutmax
Model Direct Error [%]
1 4.44 3.89 14.3
10 15.4 13.5 14.1
50 26.6 24.8 7.30

Table 7. Error of Nuos between model and direct analysis

Mesh | [m/s] Numax NuObj P lEéS];al \?Cr}t]g?l
Normal 0.138 25.1 | 30.8 60.8 65.6

Fine 0.138 24.8 | 304 120 127
Error [%] | 0.397 1.26 | 1.38
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Table S. Error of uin between model and direct analysis

Pin [Pa] Niutob;
Model Direct Error [%]
1 5.31 4.59 15.6
10 19.6 159 234
50 36.3 304 19.4
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Fig 9. Mesh Validity in direct analysis
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