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Numerical Simulation of a Liquid Flow for Direct Cooling of an Electronic Device
Using a Lattice Boltzmann Method

O & H, FERDE, T305-8564 AKIRIED XA 1-2-1, E-mail: naoki-takada@aist.go.jp
¥ 3y Tor7ua, VIT,FI-02150 7 4 7 2 K T AKR—
oY Ry Y, VTT,FI-02150 7 4 7 > K @ AR—
FAA—, PERSHF, T 305-8564 KU IEXHEA 1-2-1
Naoki Takada, AIST, Namiki 1-2-1, Tsukuba, Ibaraki 305-8564, Japan
Antero Jokinen, VTT, Metallimiehenkuja 6, Espoo, P.O.Box 1000, FI-02150, Finland
Topi Kosonen, VTT, Metallimichenkuja 6, Espoo, P.O.Box 1000, FI-02150, Finland
Junichi Matsumoto, AIST, Namiki 1-2-1, Tsukuba, Ibaraki 305-8564, Japan

A numerical simulation of an incompressible viscous fluid flow with heat transfer in a bending rectangular channel is
conducted by using a lattice Boltzmann method, for evaluating basic performance characteristics of a small liquid
cooling unit directly attached on an electronics device. Heat conduction inside solid parts of the unit is also taken into
account. Major findings are as follows: (1) cooling rate is increased not only with the temperature difference between
the inflow fluid and the unit, but also with the flow rate; (2) for smaller thermal diffusivity, the cooling is slowed down,
but later, the rate becomes approximately constant for each thermal diffusivity; (3) the pressure at the inlet is increased
with the flow rate; (4) The unit is partly cooled down more rapidly around upstream side of the channel.
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Table 1 Physical properties of solid and fluid simulated in this study.
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Fig.5 The numerical results for Re =153.6 (Q;;= 0.3//min).
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Table2 Maximum pressure increase AP, (measured at inlet corner).

Q;, [I/min]| T, [deg.Cl| U, [m/s] Re AP -1 |AP,.,, [MPa]
0.10 -10 0.1042 51.194( 6.054E+02 | 6.951E-03
0.10 0 0.1042 79.825| 5.709E+02 | 6.554E-03
0.15 -10 0.1563 76.792| 5.722E+02 | 1.478E-02
0.15 0 0.1563 119.738] 5.623E+02 | 1.452E-02
0.15 5 0.1563 144.759]| 5.614E+02 | 1.450E-02
0.15 10 0.1563 172.111] 5.251E+02 | 1.356E-02
0.20 0 0.2083 159.625| 5.467E+02 | 2.511E-02
0.30 -10 0.3125 153.583] 5.459E+02 | 5.641E-02
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Fig. 11  The temperature distributions on horizontal cross section for
Pr=2,Q,=0.15 //min. and 7;,=-10°C at t = 0.848s.
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