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Experimental study on heat transfer inside inclined
thermosyphon with low integral-fins
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Abstract

An experimental study on the heat transfer of the inclined thermosyphon with low
intergral-fins in which boiling and condensation occured is performed to investigate its heat
transfer performance. Water and CFC-30 have been used as the working fluids. The opera-
ting temperature and the inclination angle of thermosyphon have been used as the experi-
mental parameters. The heat flux input and the inclination angle & towards the vertical posi-
tion were varied in steps. The heat transfer rate in the thermosyphon was depended upon the
inclination angle. In addition, it is to obtain the overall heat transfer coefficients and the
characteristics as a operating temperature for the practical applications.
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Fig.2 Cross sectional view of the experimental
two-phase thermosyphon

Fig.3 Photograph of low integral-fin
thermosyphon
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Fig.4 Temperature distributions along the
length of thermosyphon(low-finned
thermosyphon, water)
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Fig.6 Effects of inclination angle on
condensation coefficients

MEA Ol Z ] & FolM Yzbar} 48k A
(Qu) & 2 (2)°l] ofal AliFslt.

Qmol: mcpu( T'm— Toul) (2)

FEH2(PT ¢=Q/AE BAHM, 48 &

& QAYAR(R)E A3l ola THET
_ q

=TT 3

YiweiE 0 & MEAP)E el FFRAS) P
2 vmE Aolold FFRA AX gz
322 gran Qod, Tem 25 B85S
Fgae, Fu wuEest $5% AAs LRl
The bgstIA ol2AE FYstn, ARz
2 AN e 2a7h Yehggt olde
A= LPAH RFRA BE Sefol-obgo] ¥

Atz FEE gol FYUHR oL, wH o] &3
A M ZFRAl e ol ol Huhs 7HsteA
o] Fo{Fch. #ERA ] Fol Bo| FYHtA 2
FAAE SALHE §5F2 5T F Utk 2
oz YiweTWe FXsMolA T3 o]22

4(4)& Fo9

0.0 +
0 10 20 30 40 50 60 70 80 90 100
8 (°)

Fig.7 Comparisons between Eq.(4) and the
experimental data

he _37<_I_,)cos9 _
hNM_PS R 1 [0.41-0.72¢

+(~62.7¢*+14.5¢4+7.1)6/1,000]  (4)

A7 63 = 247 WEALolES) BNV} 2
449 ¥ Urhils, P HRAIIE 3o
25371988 Ytk 2eln AEAtelEs 7
AZe AEAL 072 JZoR Bol 23 @}
Uepdth. Fig6el Zaizol A e weh ol
ol % 4YEAeREH FYAY LEAE Ak,
o gl 2 GF¥e WAA god A AARe
oF 20°~45°8] WAYE ¢ F Utk

Fig7¢ 4(4)s 48248 vag
Ehd Aol Az
%2] Reynolds4== 85002 AR A $=|5,
ZWRol 22w 60, 70, 80C RHJA AR
Aol Ze) ANzt WEATIRA T8 YE
B Rolth Age A(M T olBgn
ook ¥ UEhRE, ARAllES Fd os
o AFHE2 WL A5e U Yol 2
QL VT ol HRA|EY HAzte] @
A2 Aol 20 %ol U Aoz ¢Sk
olejd olfulBel MEAlolEe] Bare] BHs} A)

e
o 2L

1]

flo u?z o
o iy

fr &
o 1]

it
7}



170 z549
5000
4500
4000 o
3500 T
Q 3000 A :
t 2500 ‘
z o
~ 2000 |~ S
L @ T +80°C(Epenment)
=° 1500 A T = 700C(Expanment)
@ T, =80¢C(Exenment)
1000 + ~— 1,,*609C (Thooy) o
o T, 708 C(Theery) Water
500 |- —— 1, 580°C{Theary) Rcc/Ren=010
L i y s i} L i 4

0
0102030405060708090100

e (°)

Fig.8 Con rison of the experimental results
with quation(4)

%%5“’? F ’“%‘}71 $isted ZApzbe] J3e
O}E} Hahne»} Gross?¥& M
“01 &4 583 v}
< viAs dsga
FHo l vlsia, o
ol dnjgant. asoz HA AARe 0°9
90° Atelel RHellA ZEAsA HB& & F Uxn
B dFolMe= HAZo] 20°~45° oA H

FALA+E Jepd
Fig.8& ol& &% €dgA+o AlIg
& e ol
R B ‘3%‘—?9} 2479 Reynoldst], Re/
LA FAstn FEFe &8s}
L4EEE 60T, 70T, 80CE WA HA
2% ZAE vepd ol Axtzie] Ao wg
M dEgle] o]&gut ta ¥ Yehdoy
Brtzrol & WHHloAle dEgro] o] 2auT) T
HeollA A

97 Jehgth a8y AdxAe A

< z]

Q.=
o 828

L

B@e olggs vud T YHE Aoz Yy
He 222 08 3 RS A4 U

of wel A WIE Yehdiy, ol sl
SF LRI} F7hgel et &7 L}E}"‘U} o]} 2
S A ARALO|E ] LR exvt ZIhgo)
upel HEALOlE ol FrIgbe] A5EtAl =Y,

ol met EH2S Tt o8 &5 WA

5
©

i

60000
i
55000 | - TM=60°C
9 .. L J TM=7O°C
50000 |- ., ® T =s0cC
'Y
[ J
45000 |- ®,
_ % .
= 40000 | e o
E L ° [ ] . P ®
z 35000 RS teo
Z . e o
30000 | "a .
- L at® L] ™ L Z
25000 |- u® ]
9 [ ] [ |
[ |
20000 |- n
[ Water
18000 Re_/Re =0.10
100()1) 1 =L . 1 1 L L 1 L

0 10 20 30 40 50 60 70 80 90
8 (°)
Fig.9 Plot of heat flux against inclination
angle

100

2600

2400 L

2200

T

2000 ~

1800 @@

(W/mK)

1600 |-

U

1400 f f-

1200 o
L Re_ IRe < 010 '
adoo ‘_L i i i i i 4

0 10 20 30 40 50 60 70 80 90 100
& (°)

1000

Fig.10 Plot of overall heat transfer coefficient
against inclination angle

Z7bshe Aog B,

BAWLAS

Fig.9%} 108 WRAlolZEe] ZAlZ} sl et
QFY2s) $AADAFE WaE e ZelTh
29E%E PE AN A g duggol

Fxe]

3.3

27 wag Yehides, (g ¥3eee Us
HE A4 gat EARE @ & A0, 2

I WAool £8



S2UE 71 AL WEALO|EY] A A B 4 A 171
s — 5 : e 2000
[® crcao 1800 [
i e ® | e  water 1
i e ; ; i A
5 é ®e ? 1400 |-
—~ L4 ; : e . —~ X
% 40000 - . . . oo . ....... E 1200
= : S 1000}
~ 20000 b b e T 8008 s
: Re_ lRe =0.10 ~ 800}
o L
o 600
20000 |- -
400
: s 5 : 200
10000 ve L L v I H h: H B : H
o} 20 40 60 80 100 0 . N i i i
o (o) 0102030405060708090100
8 (%)
Fig.11 Plot of heat flux against inclination Fig.12 Plot of overall heat transfer coefficient
angle against inclination angle
D% dAGge] A velgul. glm Wwajel th AEfAel Fe WEAlo]E A 25% o]
Zo] FAR ARG AR Al v dE t}. WRAPO|EY] FEHEAFE 4(5)9) Zo]
&o] EA Ykt Yiweis o] o|2sl4 Zx} Nguyen-Chi®®of] o8} A A|=gict.

°ﬂ st ZAtzte] 20° ~50° o] M A Hoj @

AEES vepgien, TusWe Ad¥Z2324H
ZAAFz}o] 35° ¢} 40° AlolellA, Hahned} Gross®™
= 7ZdA}zro] 40°9F 45°9lA] Z12]x Negishi®}
Sawada'® = 7AbzZte] 50° ~70° Ale]ejr] #Huje]
FAEATHE JERNIT. 0|9} 2 A2 RH
o] ATAEe AP Aojd A9 U &
AgE vehlls ZAZY A7 g24 JEst
o a"d £ dFdMe FUeHe e4emrt
60 Coll M= ZAbgol 20~35TC, &5&%7}F 70T
oMz ZAbzre] 25°~35°, Igla L2k}
80°Col M ZAlZto] 30°~45°o)A Hrj AHD
&& VeI o] 22 RE 249 220t W
shgtel utel o) @HGE JeEhE ZAkde] ¥
A7 t2A Jepdt. 23 252571 Z71e
fAgES UrE}LH—‘C— ZAArzrel A7&
Fig.1l1x} 12 5& Agxe] 54 Aeol
Al M EALOIE W H-o] AFFA7E FF5 CFC-
3091 Aol tisk AEALo|Ee] ALzt wiglol] of
St GE a0 FEHAGAF WIE e Flo]

Q=UA(T.—T.) (5)
A71M, Ue FEHLA ¢°lﬂ1, Ae %%‘—“% T

= o
T &
T.= U39 $5%9 m%m-&zom.

45
LEt FURs 3579 B7 L=ARA Fod
o ¥R RH AY 9dgee dehis 2

Aztel ele T AFRA R0l BAYl &
A dehgem, AFRA7t FREU B9

CFC-30Et gdg8o] 2.1~2.68 AR =4 1}
Eht
4 7@ =

A5fAE 75 CFC-30& AHgsty, v
o= o4 Ui HEALO|EE A& sty HALZ
slofl gk HEH AT E
ei=
(1) Yiweio] o]& F&IdGAFe vluy Z
A 3tgom, Arlzte] He HY o= AFGto
w3z =7 velgon, ZAxlzte] & WA=

Feg A3 e



172 =58
Bl a A verstth

(2) €29 252 h/hy ol 2 9%
& 0XE W47} ohlnh. 2@ W ZAtolE e
AARE &5 dgAsd & J¥e viAs
oot

(3) F¢Re] 254257} 60T = ZAAMzo]
20° ~35° oM, 557}t 70CAME ZAlztel

25°~35°°|lM, Tglm &F&E7 80ToME
73Atzto] 30° ~45° oA Hd d¥LE&E e
At
(4) o dd2EE Jehle ALzl Eee
T 2AFfAe FHol SAlgle] faletAl vetke
o, ZEHA7} FFFA Bt CFC-30RY €
Aggo] 21~268 AT EAH ehsich
= 7

o] =&& “19968hdx st st& AT
297 2jsto] Apgglon, ol BAA o
A ZA=PYr).

]

I

Ho
rek

1. Rohjoon Park, 1992,

thermosyphon with two-fluid mixtures”, De-

“Two-phase closed

partment of Mechanical Engineering Univer-
sity of Ottawa, Ottawa, Ontario, Canada, M.
S. Thesis.
2. o]dF, |71, 1995, “s|ETo|Z dngr]”,
i 3+7]1 A8 3] 7], Vol. 35, No. 9, pp. 805~815.
3. Zahir, S. H., 1972, “A two-phase closed

ug

thermosyphon at low temperature”, M. A.
Sc. Thesis, University of Ottawa.

4, Tu, C., Xie, G, Hu, C., Gao, Z. and Hong, R.,

1984, “The two phase closed thermosyphon :
an experimental study with flow pattern and
optimum fill charge”, China-U.S. Seminar on
Two-flows and Heat Transfer, Sian, 395-
405.

5. Hahne, E. and Gross, U., 1981, “The influ-

ence of the inclination angle on the perform-
ance of a closed two-phase thermosyphon”,
3th IHPC, l.ondon, 125-135.

6. Negishi, K. and Sawada, T., 1983, “Heat
transfer performance of an inclined two-
phase closed thermosyphon”, Int. J. Heat
Mass Transfer, 26, No. 8, 1207-1213.

7. Imura, H., Kusuda, H., Ogata, J., Miyazaki,
T. and Sakamoto, N., 1979, “Heat transfer in
two phase closed-type thermosyphon”, Heat
Transfer Japanese Research, 8, NO. 2, 41-
53.

8. Yiwei, M., Wang, J. C. Y,, Jifu, L. and Y, F,,

1989, “Theoretical and experimental studies
on condensation heat transfer inside vertical
and inclined thermosyphons”, National Heat
Transfer Conference HTD-Vol. 108, pp. 111
~116.

9. Nguyen-Chi, H. and Groll, M. 1981,
“Entrainment of flooding limit in a closed
two-phase  thermosyphon”, 4th IHPC,

Tsukuba, 1-6.



