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Cooling Unit for Computer Chip by Using Boiling Heat Transfer
(Evaluation of Basic Cooling Performance and Simulation for
Predicting Cooling Performance)

Kiyoshi KAWAGUCHI*®, Tadayoshi TERAO and Tatsuhito MATSUMOTO

*¥ Faculty of Engineering, Toyama University,
3190 Gofuku, Toyama-shi, Toyama, 930-8555 Japan

In recent years, the heating value of CPU has been increasing rapidly with the improvement of
computer performance. Therefore computer industry is requiring cooling unit with high cooling
performance for CPU in applicable to high heating value and heat flux. The existing cooling unit for
CPU has been air-cooling aluminum fin, however it can not be adaptable to high heating value. We
have developed a new compact boiling refriberant type cooling unit for CPU. In this paper, the basic
cooling performance of this boiling refrigerant type cooling unit was evaluated, it was clarified that
the boiling refrigerant type cooling unit has high cooling performance compared with conventional
air-cooling aluminum fin. Furthermore the calculation method for predicting the cooling perfor-

mance by modeling boiling and condensing phenomena was proposed.
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orrugated louver fin

Cross section of @
the refrigerant tube <

Shape of boiling part (top view)
Fig.1 Boiling refrigerant type cooling unit for
computer chip

Table 1 Specifications of boiling refrigerant type
cooling unit for computer chip

Items Contents

0.2 K/W or less
(AT=25K)

Cooling performancel AT=Temperature of contact
(Heat resistance) surface with CPU

— Ambient temperature

Heat load 120 W
Cooling air velocity 1.6m/sec
Refrigerant HFC-134a
Size 75(W) X 75(D) X 75(H)mm

Refrigerant tube

Condensate flow
g Corrugated
CPU

louver fin
Points for measuring temperature

Radiation
core @ Vapor flo

(D Boiling

Plate for controlling
refrigerant direction

Refrigerant
bath

Refrigerant

Fig.2 Structure of boiling refrigerant type cooling
unit for computer chip
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Fig.3 Structure of air-cooling aluminum fin

Table 2 Specifications of air-cooling aluminum fin

[tems Contents

0.2 K/W or less
(AT=24K)

Cooling performancel AT=Temperature of contact
(Heat resistance) surface with CPU

— Ambient temperature
Heat load 120 W

Cooling air velocity 1.3m/sec

Size 150(W) x 150(D) X 85(H)mm
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Fig.4 Experimental apparatus for cooling performance
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Fig.5 Experimental apparatus for measuring degrees of
superheat and supercool
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Temperature difference AT K

Slde heat 1 Slde hnat 2
Orientation of cooling unit

Fig.6 Comparison of cooling performance

Bottom heat

10 & o .- Heet sink :Cooling air velocity 1.3m/sec
5t & Boiling refrigerant type :Cooling air velocity 1.6m/sec

o

0 50 100 150 200 250
Heatload Q¢ W

Fig.7 Comparison between boiling refrigerant type
and air-cooling aluminum fin
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Test condition
Heat load  120W
50

Cooling air velocity
45 & \

1 6m/sec(Boiling refrigerant type)
40

1.3m/sec(Heat sink)
. Air - Goohng
% Aluminum fin
30 \o
2 Boiling C:rdarsmg

Bullrg refrigerant type
Contact surface Heat transfer
with CPU surtace 200"

Temperature difference 47 K

Fig.8 Comparison of heat abstraction

Boiling refrigerant type

Cooling- air direction d

nsabsrn

XAmbient Temperature 25°C

Fig.9 Temperature distributions of radiation core
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Fig.10 Comparison of air-cooling aluminum fin and
boiling refrigerant type cooling unit
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Fig.11 Comparison of size and weight
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Fig.12 Calculation model

Initial conditions
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Calculation of
temperature distribution
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Inner surface Tuw 2T +0.34

temperature
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Q1 = ZQb(n)
Q= Z Qc(n)
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Fig.13 Flow chart of calculation
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Fig.14 Model of boiling arca
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Fig.15 Relation between heat flux and super heat
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Fig.17 Relation between heat flux and super cool
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Fig.18 Result of calculation

Point | Calc.(°C) | Exp (°C) _IDifference(K)
1 365 34.7 18
2 36.1 36.8 -0.7
3 362 383 -2.1
4 365 35.7 08
5 363 385 22
[} 362 3178 =14
7 480 498 -18
8 45.0 453 -0.3
9 428 455 -21
10 450 450 00

1 310 427 =57
12 374 437 -63
13 382 427 -4S5

Fig.19 Comparison of calculation and experiment
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