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Cooling Characteristics of the Multichip Module
Using Paraffin Slurry
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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
and paraffin slurry. The experimental parameters are mass fraction of 2.5~7.5% for paraffin
slurry, heat flux of 10~40W/cm? for the simulated VLSI chips and Reynolds numbers of 5,300
~15,900. The apparatus consisted of test section, paraffin slurry maker, pump, constant tempera-
ture baths, flowmeter, etc. The test section made of in-line, four-row array of 12 heat sources for
simulating 4 X3 multichip module which was flush mounted on the top wall of a horizontal
rectangular channel with the aspect ratio of 0.2. The inlet temperature was 20°C for all experi-
ments. The size of paraffin slurry was constant as 10~40xm before and after the experiment. The
chip surface temperatures for paraffin slurry with the mass fraction of 7.59% showed lower by 16°C
than those for water when the heat flux is 40W/cm? The local heat transfer coefficients for the
paraffin slurry with the mass fraction of 7.5% were larger by 17~259; than those for water at the
first and the fourth row. The local heat transfer coefficients reached to a row-number-indepen-
dent, thermally fully developed value approximately after the third row. The local Nusselt
aumbers at the fourth row for paraffin slurry with the mass fraction of 7.59% were larger by 23
~299% than those for water.
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1. Rectangular channel

3. Data acquisition system

5. Constant temperature bath
7. Flow meter

9~13. Valves

k—— Test section —y

10

2. DC power supply
4. Personal computer
6. Pump

8. Cooling chamber

Fig. 1 Schematic diagram of the experimental apparatus.
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Fig. 2 Details of the test section.
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Before experiment
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After experiment

(a) 2.5% paraffin slurry

After experiment

(b) 7.59 paraffin slurry
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Fig. 3 Photographs of paraffin slurry with the mass fraction of 2.5% and 7.5%.
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Fig. 4 Chip surface temperatures at the lst and
4th row vs. mass fraction (when Reyp, is 15,
900).

Azt 4ol X Aigrol 103 40W/em?d 79 =

of wha] ArkEgo Frbol whep Zad)
vrebolth dfEo] 10W/em?g 25 o,
Egol 0ol M 7.5%2 ZF71akel uwhat 18]
2.1C, 4¥oME 5.5C =t Fwex 7
vhERt ool wla] Aol 40W/cmPo. R
o AL °ol poll Al 7.5%% Z7}8tol| ulel 19

r1r
o
o

=3
N
o
=
i

N
(D )

&

AE 9.2, 48 AE 15.8C whge w9
274 vebgteh dage] 10W/em?d =, A
s} AustEAe §Henun donz
sloll 9)gk #d WA E st gloj A 7%‘%%%
el 40W/cm?d 79"} =z
o] & vebdlel, el 40W/cmPad o,
§o Zrlol| we} Fuexo RaAT} 3
debbe AL shebal Selzle) AUl o9
WrtEz sl AeEgo] Fobel whel 27 o
o}, o] 10W/cm?e] Yo 484 v} 40W/
2 ol A ﬂ}a}fﬂ Zelelzt Foll ¥
01\:}

’] 1?’§44' 43oflAe] A
g8 HeolwAx4
15,9001 EH‘H Fig. 59 p}\;}»ﬂoh;]. Fig. 40j| 4] 2}

oo

- ox kK
23

ot g
» o
4}}

He

2

Q Moo Mo rlo ot



shebal o9 8 AL
100
80 L 1* Row
60
40
20 F
S’:; 0
:, 100
4" Row
80
60
40 ,Ea" fn:.-rsrc:un-xj
- o
——2.58 |
20 —— 5%
875

0
0 10 20 30 40 50
Heat flux (W/cm®)
Fig. 5 Chip surface temperatures at the 1st and
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Fig. 7 Dimensionless local heat transfer coeffi-
cients at the 1st and 4th row (when Rep, is
15,900).
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Table 1 Values of coefficient a and b for water
and paraffin slurry in Eq. (5) (when the
heat flux is 10W/cm?).
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Fig. 12 Nusselt number vs. Reynold number (when
the heat flux is 10W/cm?).
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Fig. 13 Nusselt number vs. Reynolds number (when
the heat flux is 40W/cm?).
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