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The influence of the flow—channel numbers and the heating

mode on the heat transfer performance of loop type OCHP

Hyun-Seok Jung

Department of Refrigeration and Air-conditioning Engineering,
Graduate school,

Pukyong National University

ABSTRACT

OCHP(Oscillating Capillary tube Heat Pipe) is a high heat transfer
device. Its basic operation is due to irregular self-excited oscillation, vapor
bubble slug and plug flow of working fluid and the oscillation to axial
direction. OCHP has a lot of merits but on the other hand it has a lot of
defects to be solved. Especially, the limitation of heat transfer performance
according to heating mode(inclination angle) has to be overcome. Over the
past few vears, many studies have been focused on heating mode but
most of them had a performance limitation.

[n this paper, the comparative of heat transfer and pressure oscillation
characteristics on two OCHPs with different flow -channel numbers and
hydraulic diameter were investigated and also the cffect of heating mode

on OCHP was focused.



Two OCHPs devices had the serpentine structure and the flow—-channel
numbers were 20, 50 respectively. The experiments conditions were as
follows : 20 channel - 40, 60(vol.%) - 90°, 50 channel - 50, 80(vol.%) -
and inclination angle were changed from 90° to - 90° , input heat flux

were changed from 0.3W/cm® to 15 W/ecm®

From the experimental results, the effective thermal conductivity on 20
chanrel was higher than that of 50 channel. But 20 channel’s device
wouldn’'t work exception bottom heat mode(90°). Whereas the heat
transfer performance of 50 channel’s device wasn’t influenced by heating
mode.

In case of pressure oscillation, regular frequency dominating inner two
phase flow was observed in 20 channel but not in 50 channel because of

the higher degree of freedom.



Nomenclatures

A Area

L Looped

] Length

P Pressure

q Heat flux

T Temperature

Greek symbols

a Charging ratio of working fluid
8 Inclination angle

Neir Effective thermal conductivity
Subscripts

cond Condensing section

cva Evaporating section

{ Liquid

[m?]

[m]
[kPa]
[W/cm?)

[T] or [K]

[vol.%]

[ ]

[W/m - K]



A1d A E
L1 A2 vl

20417] Fuboll HAISE M fFoluA] S AA Axor st oA FH
EAE Z7EH ALAA nietrA stAa AUAE defste rlEwCl Al
HAAF Ak WA 2 BAE siAdsty) A7 o] AHHe|a 2

o
=
skl aEe] fm E HE Eof ofel /Eule) BAUESL FAS £

NE AnY HEvelZ: Aziel AGReld wAsts v5s Tt Yol
o) 7ol slugH7h WK el o|Gate] WM SEHshe] Fas W 4=

Bt G5l vIdste FAZEA s E& FEdte s|Ego]zolry mpe}

A tapo] ARl G fE & 4 v ¥ /F9 HEde Tk e 5
49 7FAR QTHI-19] AR W AE5FAe] WELAl g Hgetn

chaos @ o] 7] wWiiol] o} o] A aiell ulxx] K3k zo] Apidolul 53] =}

FRed G ATl e w Al s 2 w]oop 8 wpajolrH1-3, 7 22].



12 Fd9) A+
121 23 Aetvje o] ds}
OCHP%E 19879 Akachiell o3 A& 7e olF @2 A&l o7 7}

A Aguetue g dsAATIEA AFsie s vk OCHPAA FastA z
73

g3te A9 FetrlHze 4% Awe B3 2 AE, AsaAe AH, A
3

=
EM)
I
3
ng
ot
oift
L
sl
o
b
clrt
P
(\llﬂ
°
oyl
S
i)
lo
it
o
O
an)
-0
o
zi
o?L

BHES 7HAgstd o]&Holn A Al WHE AL de DAl
sAuk ol Y MIAANS I #Ed 2F FdguEs 22 WEJEEA AA7L
A chaos® <l 54 7HA 3 A7) @&l OCHPel tigt szt Fol &
3t AFE obx o] FH3 HAAe|th

122 7hE R o] ¥

e
2
Y

oA 9l lEFo| Tyl st Qe D shA| AEsHA, % u)Ak A(F7) 9}

o] zpf AAWAN Are vhe) ojs) HFolo Fwpwel ANg vh:
A4bel mAlw @A & OCHPZE W% 7522 zhEole] el we ¢

Ao 41 7] U S¥AdREdME aokA 2 EA} 97 8

o1} 4 W ARlARCNE dsol @8 2 s Ao Ueht 9

g o A 1

ool 3k Feje] A5t vhel Table 13 2t}



Table 1.

Previous studies on the effect of OCHP’s inclination

A% 424 H2E 8 ELES 25
o Glass, a:30~95 7 Apzto] ZorA W
Nishio et al. _ o
(1997) Water LD : 25mm (vol.%) ZHEeta B
B 20 ch (looped) 8 :0~90° (<307
. Copper, _ B.H>HH>T.H
[zumi et al. a @ 50(vol.%) ;
R-142b LD : 2mm (TH: %9 w&
(1998) 8 : -90, 0, 90° i
80 ch (non looped) dHgE)
. Copper, a : 40(vol.%) 2.0mm : 90Col A g+
K. Gi et al . e
(1999) R-141b 1D : 20, 16, 1.0mm 8 : -90~90 Eas
30 ch (looped) (30°7+4) 1.6mm : 2B
Copper,
Maezawa et al.| R-142b D .plr))eo a : 40(vol.%) - A S
" (1999) Water e 8 : -90, 0, 90° %
80 ch
. Brass
Kim et al. B a : 20~80(vol.%)
Ethanol I.D : 15mm 90°>60°>30°
(1999) 8 : 30, 60, 90°
8 ch
) Brass
Kim et al. B a : 20~80(vol.%)
R-142b 1D : 1.5mm 90°>60°>30°
(1999) 8 : 30, 60, 90°
| 20 ch
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8]E1(20 ch @ 150W, 50ch : 250W)e] ¢

o=}
=
B2 Aojste Fdstdon, ¥z £8 #2325 o83

7EA3E Al AR e Adel q2 g 2709 AE 9 8mm video camera %
digital video creator® T4 gov Z AR WP AF A F5&
2 Qe 2 35307 base plateZ, o)A D2 window plate® T+ 3t
3 FEH W £ A AGAZ AES AHER] FE REE AFE
Aot 4 A FH ] base plated] FF AlYS b3
20ch : length : 220mm, width : 1.5mm, depth : 1.5mm

50ch : length : 223.5mm, width : 1.0mm, depth : 1.5mm
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Fig. 2 Schematic diagram of experimental apparatus.



Photo. 1 Photograph of experimental apparatus.
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st section for visualization.

Photo. 2 Photograph of te
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Fig. 4 Specification of looped test section with 30 channels.

- 12 -



Photo. 3 Photograph of test section for visualization.
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1.5 mm

\ 1 mm 15 mm
Seath type thermocouple
(¢ =1 mm)
Thermocouple
; 220 mm A
' / > 4
t ;1 J
[ ] L ] [ ]
) 146 mm -
Evaporating Adiabatic Condensing I 1T5 mm
section section section
Fig. 5 Location of thermocouples.
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T
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< 220 mm v
- AN m
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® L ]
) 142mm -
Evaporating Adiabatic Condensing I ITS mm
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Fig. 6 Location of pressure sensor.
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B Ao AexE A 7L Table 29 2ot A Fo) 5dT 2AEHA
o MR BYFL B AT FANRA /1T AFARE Fu 3
A Fold A% vebd R-142b B0vol.%) 2 stlon ddAf&45 7}
7ho) o] AL pksol BAF AFES A F A=F AT 1
95 slEstolme) HEztEe) W W FAW FELH Y2 AEHIO
'} 20 chel WS 45°0)ate] ZEelM AFol FAHo| olstel oM 4
SICECEEE S
Table. 2 Test conditions
Specifications 20 ch (L) 50 ch (L)
Working fluid R-142b
Charge ratio
a 40, 60 50, 80
(vol.%)
Input
heat flux ql0.3, 0.6, 0.9, 1.2} 0.3, 06, 09, 1.2, (1.5)
(W/cm®)
Inclination angle _
L) S 90 90, 45, 0, -45, -90
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reff (W/mk)
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5000 T T T T T T T T T

0.0 03 06 0.9 12 15 1.8 21 24 2.7 3.0

Heat Flux (W/cmz)

Fig. 7 Variation of effective thermal conductivity according to

input heat flux with 20 ch (40vol.%2, 60vol.%)
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A . . . A 04»
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5000 | _—
o -9
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Heat Flux (W/cmz)

Fig. 8 Variation of effective thermal conductivity according to

inclination angle with 50ch (50vol.%)
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Fig. 9 Variation of effective thermal conductivity according to

inclination angle with 50ch (80vol.96)
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Pressure (kPa)

400
350
300
250
200
150

100

20ch R142b- 40(vol.%), 0= 90°

0.6

Time (sec)

Fig. 10 Pressure oscillation of working fluid

according to input heat plux with 20 ch [40(vol.%), 6=90°]
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Pressure (kPa)
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500
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100 . — . . ; .
0 2 4 6 8 10 12
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Fig. 11 Pressure oscillation of working fluid

according to input heat plux with 20 ch [60(vol.%), 6=90"]
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