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Development of Cooling System for Electronic Devices
using Oscillating Capillary Tube Heat Pipe

Soo-Jung Ha?t - Jong-Soo Kim*

Abstract : Rapid development of electronic technology requires small size, high density

packaging and high power of electronic devices. In this paper., characteristics on
oscillating heat pipe according to operating conditions (environment temperature,
charging ratio of working fluid,

the

inclination) based on experimental study was

inveaticated From avnerimental  reanlta 2R (envirnnment.  temneratiire)

R-141b(working fluid) 40%(charging ratio) was best performace at others of inclination
angle and the top heating mode of OCHP performed 80% efficiency of the bottom
heating mode.
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Fig. 1 Basic concept of OCHP
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Fig. 2 Schematic diagram of experimental apparatus
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Fig. 3 Photograph of experimental apparatus with
inclination angel of 90°.
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Fig. 4 Cross section of OCHP

Table 1 Experimental Coditions

Items Conditions

Temperature in
chamber (TC)

Charging ratio
Working fluid

25, 60

35, 40, 45, 60 (vol.%)
R-141b, R-134a Methanol

Incliation 7?,0 (tqp)
ngle() 0°(horizon)
a 90°(bottom)

@5‘7‘}54%3 aA, 9719 =% 94sA &
., OCHP ¥ dl°lg g
]Z‘_E:‘JQE TAE ATk, 7tER 22E dAF
A Aoltrl 98l BY 3 (50x100mm) & A X
ﬂ"ﬂt’r g2 Well Az AoE 98 A

£ AFste S Efe|ZE AAsHoH IE
quOI_.J 71EEE 100mme gdAZ visls
o Age AFHEE OCHP+ WhH0x L3002 W
7 0.9x1mm, 408¢ ¢F vy 4EAHE AHL8
Aok Aol A48 OCHPE A -90° (top
heating mode)3atgt A& Fig. 3ol e ot

Fig. 45 A3l A8 4& e 9w
OCHP+ #sfAE 2437 ¢A, W
Hel gzel t)FA HEZ o]Fojan 137
Qo2 50x10 torr7HA A5k 2417F §R)F
Aok, el EAAEHE AFEst R-141b,
R-134a, Methanolg A& ule} tjd 3
45, 60(vol. %) & AEHoE =43}
OCHPE ol &% HAYzZIA | 282 3
Zarste] g2 25ToA 2} Azt EH@ 7ty
o] Hg ZH 2% 75T o2& ddo] sl
24Y ¥, 5dF i HH9 AdE vehgE
OCHPE 417439 R-134a9 Methanols ¥
Ae va AY9E Psich

‘R“i‘i‘r. A 2=

AERA AR E NETZoln YA 7
L ole R A%
Go14 Saol 28 BHB S|l
AN A2 BIATE A% 4 (1),

ZtEFA L ARe
Jovxﬂ “07}214—(Fig.5)-§— THI}S AAsY

6103

water

M, (10%*kw/n?)
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Fig. 5 Merit number of working fluids
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Table 2 Experimental results(R-141b)

| 25¢C | 60T
heating chellrging [ heat heat
mode ratio(vol. | transfer transfer
%) rate(w) rate(w)
35 18 3
+90° 40 20 4
(bottom) 45 17 3
60 16 -
35 15 4
0° 40 18 3
(horizontal) 45 16 4
60 15.3 3
35 12 1
-90° 40 17 1
(top) 45 14 2
60 12 2
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Fig. 6 Temperature profile of condensing and
evaporating parts(R-141b, maintained AT:257)
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Fig. 7 Influence of charging ratio on the heat
transfer rate (R-141b)
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conductivity(R-141b)

A
i T o y
4000 Charging ratio : 40 vol.% ’/
—0— R- Vs

2 3200 R-141b s,

£ —-A— R-134a ’/
-
E 2400 { =0 methanol P

FS

o
e 1500

50 0 90
Inclination angle ( °)

Fig. 9 Influence of ilnclination angle on
effective conductivity



AEABY SET | LE o

Fig. 89 Fig. 9= &#AYn R- 141b‘£ oz
FHEA W FEEAEEH 7 Yo7 o}
2 $E9ARES ekl Aot}

5 & E

OCHPE °|&3% Ax717] Wziaj2ele] Ax}

Zto] MmE EAY EA U3 7ix AFLE E9)

3 e 23E A

(1) R-141b, 40%¥ 9, OCHPE ¢]&3 A
A NG ANxEE g e YR 2%
11CE 74 2A vetgen, o of wdAs
20W= 7% 8hA vebst

(2) 48 53 &2 25Tl OCHPE &
Az Ol A A@stA 2AEEs a9 & A

Tk, AW R 257t 3 60TA ¥
e g &g JEFE A AR Y
Sk o] AL SEE Ay R 2=t &
ol (AT=15T)WgFel "+ A7l ez
Hopdtt,

(3) FYF ZZANA  AAZL -90°(top
heating mode)E  ZdAkz}F  +90°(bottom
heating mode) BTt EWEE7} 3~4CTE ¥4
Jehfiglen, Ay 2574 2EdE A7 H
Abstet, Z1efu} ZAbzb -90°el A JE#e HEF o
OCHPQJ AFo) PEAL R o]FolA

U=
T

7FA= R-141b, 40%
73/\}74 -90°(top)lXl  R-141be
90°(bottom) 9] 80% WEASE 7IAE Ro2
Wb

(5) +90°(bottom) ol A= Methanol=
R-134a7} R-141bE.t 3 9E HA5E Ho
W Az dEA R-141b, 40% (Vol)7t
B HellAM AR es ZAgsls A2z e
=3

(6) o4 AFPolM, 3 25T
o]Zo] By} A<l
R-141b X &
A¥-g 3 Merit Num. &

ek

735 A H AL
Merit Number 3Fto]
Methanol3# R-134a¢} H|=Z
OCHPl H&-A1Z

£8 A7) W2l A A7

—_
—_
~J

+ AEeA ge 2 1A EAFE 99T 5
21%13}. w2ZkA, OCHPY EAX F& Ald +
9 X357 AA #EE B3l OCHPA A
48 £ s H7F Ay Aol g 9727 £
FHET}H

6. T 7|

2 =52 3 Ad g 2RV|Fog F5AS

2=
AMoEd
(11 Kang, B. H, Jaluria. Y. and Tewari.

21

(3]

(4]

(5]

[6]

(441)

S. S, 1990, Mixed convection transfer
from an horizontal isolate heat source
module on plate, J. Heat Transfer,
vol. 112, pp653-661.

Kim, W. T, Song, K. S. and Lee, Y.,
1998,
thermo syphon for telecommunication
system(ll}, KSME International J, vol.

12, pp 942-955

Design of a two-phase loop

Y, 1997, Design and application of the
heat pipe, Korean  Journal of
Air-Conditioning and Refrigeration

Engineering, vol. 26. No. 1, pp. 3-45.
Kim, Song, K. S. and Lee, Y. 1998. H.
A kachi, 1994 loop type capillary heat
pipe. proceedings of 71th General
Meeting Conference of JSME, Vol .3,
pp. 606-611.

ol%d, o1Fd, AFF, 1998, LRvlE ¥
BLFEAY EFe|Ze) AT 54, 3
z3t WETes 98siAste WESE =83,

pp. 348-352

Allan D. Kraus and Avran Bar-Cohen,
1983,
of Electronic Equipment,
Publishing, pp. 314-317

Thermal Analysis and Control
Hemishere



116

CHEm
Sol(a1A), 20083 FHUED S5
sta} £||A|>—7é<—, Soisty J|IHSEE

o ekl

(442)



