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Study on the cooling performance of discrete heat sources
using coolants
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ABSTRACT

The present study investigated the effects of the experimental parameters on the cooling
characteristics of the multichip module cooled by the indirect liquid cooling method using
water, PF-5060, and paraffin slurry. The experimental parameters were coolants including
paraffin slurry with mass fraction of 2.5~75%, heat flux of 10~40 W/cm? for the simulated
VLSI chips and Reynolds numbers of 3,000~20,000. The size of paraffin slurry was constant
as 10~40 um before and after the experiment. The chip surface temperatures for paraffin
slurry were lower than those for water and PF-5060. The local heat transfer coefficients for
the paraffin slurry were larger than those for water and the local heat transfer coefficients
reached a row-number-independent and thermally-fully-developed value approximately after
the third row. The local Nusselt numbers for paraffin slurry with a mass fraction of 7.5%
were larger by 20~38% than those for water. The paraffin slurry with a mass fraction of
5% showed the best thermal and hydrodynamic characteristics when local heat transfer and
pressure drop were considered simultaneously.,
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Fig. 1 Melting temperature and latent heat of
the paraffin measured by DSC. Fig. 2 Schematic diagram of the experime-
ntal apparatus.

1.27 cmn 27 om Multichip module(1x7)

Table 2 Properties of Paraffin Waxes f A

: |
Melting temperature, C 43.6 §
Heat of fusion, cal/g 42.1 @ % @g @ @ @ @ E
Specific heat, cal/gT Liquid| 0.60 ) 16.51 om R
(at 60T for liquid) Solid | 071 —A
Thermal conductivity, Liquid| 0.17 nsulation Copper Heater
W/mK (at 60C for liquid)| golid 0.24 material % 1'/2 Thermocouple
Density, g/cm® Liquid| 0.76 ©aA  § 2 |, Rectonouer
(at 60C for liquid) Solid 0.82 cross-section 'EI \__j
Viscosity, cP (at 60TC) 3.14 oyl T —

B .81 cm

Molecular weight, g/mol 332

Fig. 3 Details of the test section.
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Fig. 4 Photographs of paraffin slurry
with a mass fraction of 7.5%.
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Fig. 5 Variation of surface temperatures at
the 1% and 7" heater with heat flux
(Repn=20,000).
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