462

A¥FY =83 A 138 Al 6 2(2001)/pp. 462~473

FX HRALO| A FEHA FHEH 5ol
dADA T dRHd A= BF

F 7 #7094 F 4 4 &
BN UAVI & AT ALl §ATAE, "FERGR AN ALAT S

Effects of Working Fluid Filling Ratio and Heat Flux on Correlations
of Heat Transfer Coefficient in Loop Thermosyphon
Ki-Chang Chang, Ki-Woo Lee, Young-Soo Lee” , Seong-Yeon Yoo

Waste Heat Utilization Center, Korea Institute of Energy Research, Taejon 305-343, Korea
"Mechanical Design Engineering, Chungnam Nationa! University, Taejon 305-764, Korea

{Received February 23, 2001; revision received April 6, 2001)

ABSTRACT: Due to the coupling between momentum and energy transport theoretical

analysis of the loop performance is very complicate, therefore it is necessary that these

problems be solved by experimental investigation before applying the loop thermosyphon to -
heat exchanger design. The evaporator and condenser of the loop thermosyphon were made of

carbon-steel, and distilled water was used as working fluid in the experiments. From the ex-

perimental data correlations of heat transfer coefficient for evaporator and condenser sections

were obtained. For heat fluxes in the range of 13~78 kW/mQ, the correlation equations of heat

transfer coefficients in evaporator and condenser predict the experimental behavior to within

5% and *+20% respectively.

Key words: Loop thermosyphon{F X # ¥.4}e] &), Working fluid filling ratio(Z5 &4 $98),
Heat flux(8#<), Correlation{-#-4), Heat transfer coefficient(d A=) 5)
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Fig. 1 Analytical model of the loop thermo-
syphon.
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Fig. 2 Schematic diagram of the loop thermo-
syphon.

Hol mme FHATE AAR, &&F ofdf
dE AEHAE /FFL BFEHr] AHAM Lol
70mme] FeldFE AU E=E, FEFA
2980 F5F QM golE TEI) A
A FLR 2 EFFZ4 97 953mme HE
g Frz ©wE 44 E 4A%9g FAEHA

312 dxgol ¥ +&H2

FEZ WRA)EAM SaFE BEA LY
Bop A dxHejop @y AAHA AFaF
AME dAMEZu FEie AF Ateld A
& 49x7 F4EH, o 43te FrlHEH
BHFF FHEL 2L o|F H oJFHE
FAY AFATe] Aoz +¥4E o FEY
o &89 HANKNE BFEH. AFHA9
F#FYHL A o AT AFHE AT,
ARe] FHE Yoz A G TN FE
R $2He MAAYE 10mE sz FILF
b &&49 HRAEolAE 08m=E dFow, o
b FFHAE FHFE FQE 9 FIRTR
A7} AAzolxte] me dHFsS AdA
Agzde d#% HedAe REFAE U
w3 skt

313 HERH 59

FEE REALC|EY U R E&EoY 298
o] gloed AFHAY AR YA &
FE7tA B o s QlEle] FX WEALES 4
Foly e B L AKX fFEo] Z F
Z2 2937 Aol Heol=E YEE FT7IEAR
AZol gxn FFFEA A7 AZAZHY. 2
du g4 BEL 2Ysta A A2E FAAHA
FAAEE ST

AFFASZ F= e F457 84 5%
sekol] AFWER(1/4ME FEIHn, AFHAE
Al Fds7] g 7|&9 FZ Ul ol o
E AEFAE =AU A8 £ deA
sHa e ZgR svtZo] UEYHE(3RE #
Zalgtt. 2z FERAE FE ARAE
o] F=48kr]) felA U4 AFHEZ(GVD-0504,
5% 10 *torr, 60//min)E ¢ 2417t AE FEJ
27147 10 % torr XY ATEE FAF A
AA BEEH7AA M4A7F SFFA WEEHS 9l
7) Q2o FoM grAA FA] FYAIF

32 ds4EEA

EE HEAolZ AP FEX AR
Alo]Z o] ZFurgel 22X AgE 15m, ¥
ZAE 2mAA HAE £ dE 15x2x1mg 3
712 AAGE ARst] dXEAs, FE AR
AlolZe] A AgFaE A FEHd ftgy
9] dAFFEAYG WA $F5H] Y+ F
32 UEs $ 9o, Fig. 3& 454334
o AZES Jepaz ok

Zur e 7lde FuR 7 9d HAEAR
HEY HEHS dn ALZAIGEhkVARIE ©]
£ DS HEAAF ¢ UEF FpHoH,
olm AgzArid] FEHE AL dASA 3
o FuRe dfdo AAYIA RAHEE AY
AF2A71(3kVAIE JAEY YE: FF&A
th a2z YRz d&48 ST 017 4
gt 50mm F# & ceramic fiber( £=0.090636
W/mK2Z ggagden, 7583 A4A4+F
#% 9Bz &4 LAY 43te 25mm
FA 2 ceramic fiber® YA 234

L2Ho Yyrhe Huyoz:a &34 A 418
mm? $eARAE daEdn, g5y d&Y



FE ARAL| Eoll A AERH Y4BT DFde] R EA T YA WA ¥ 467

2 WHAE7] Y& F7 25 mme] ceramic fiber®
gdz eyt ge)ln Y 2E2HE
Zh3a Asle zz 3kwe ABIHE Ay
&1 LEFANE o fste PO, WA
9 Fo] AHE =R E 7] HIH W
Hade] 571 dAYSEF FHANTANE 43
s, d4ed f3E ST A8 Ys
ArE Zelelekg] 2R FA(OVAL FLOW-
PET, 200~1,200 /n)& Az st4ct

22X AFAo|E2 AAGELE 12E7] H
A Ex, g8, dAEYE, % T £Hsd
of &l AF st Wzt 2EHEAL I4
(K-type, sheath dia. 1.6mm¢ )& AMEE 91,
ZWRe &M FALT-ZAL AR 03mm
o] A (K-type)® Thermocouple WelderZ o]
g3te RFsgoen] EREAHAYXE FTLH ¢
&3et S5 d&FdM AEHAY 225 3
H EAEGE, s ¥dd 74, £5% ®9
o 53, aEln F7] 2 AAFER 244 13
2 ZAFEoY, Yy dEFAE 44 14
4 dHAdE L.

3, AFEHAMY X3P E SHHR] YA
FadaFEa ZI8EFD AR Pressure
Transducer(PDCR  130/W, 0~2kg/cm’a, Druck
Co)8& 44 dxslgen, 27/509 4874
g 457 HHaH FARETH $ERYT

P.T.E @

o Differential Pressure Transducer(PDCR 120/
WL, 0~2000 mmH:0, Druck Co)& H-Fatdnl.

Zune d¥gES 247 HiHe 2
BEdd A e AdAdd 7HeiAe 43S E
o] 30kW7R] ZAo] 7H5¥ Watt Transducer
(Ohic Semitronics Inc)& o)&38te ZFs Ao
o, Y5 f3Fe ZeldEE E+FA(0VAL
FLOWPET, 200~1,200 /h)E ©1-&3ts F/i Con-
verter 2 Blo|H & W4 n, od i 2FL
stop watchZ A& dAATA 225 ¥&
e~z &248d dAFHFE &0 7 A
glch,

olg} e 2% 9y, dAYE, % F9 4
HoelElEL Fig. 4% o] Data Acquisition
System(FLUKE, HELIOS Plus 2287A)2 %39
AFEHA A7 B F ASE ek

33 d4sdyuy

2 ASAYINE FEFAZA M 44 F
o) ZF4E ALEEQon olHe AgLeEE Y
7t 30~200C AEEZA F2 FL9L5E 4
F gugrlg FAE W el A &xn Ag?

Py MEA|EM dddd gl BE 9
48 7AE Aol AFHM Folgeln o)A
e REFA Fdgolst FUEFEole v @

!

OPT.

1 signt Glass

Evaporator

FQHeater

Cortroller

Fig. 3 Experimental apparatus.



o

468 2% 07N 8- old e - R4

e HozA oF WHIAFHM dAZEAY
Wals dHuanz 4. oetd ZFEsA
ZadFo] Hom B2 AFHAME HA dry-
outol oy} duagr|2Mel HEE A
Z2atn, $A4g0] gord FLRoA FAEFA
Azt AFate WHo| Friere %‘ﬁ%ﬁh‘ﬂ
Zolzx Argrle Tgol dolAle HAE
oz HHo ZFHEL e o] by %ﬁ
Holth, 71 FFERA FAdEY NEL
2y HEAEL Azd o x7)o 2§z
ZFq8= woly vl 7IELE FH

FEfAE EHTE AHEEn, FAEE 30,
40, 50, 70, 90, 110%=2 A Ztzte] FAE 3
PALGES WA 7E Hdedystdnt

oldl Ztzte] Fdgd sl FALEL 250,
500, 750, 1,000, 1,250, 1500 W2 #3732, o
Ztre AT EEE 50CE 8t F%F & 500 /hE
QA3 FAAFBA F=PesAd a2z Y
Ho] dAY o IAGELE vIEENEr] 93
A XEHLEZE 60, 70, 80CE dA3] #AAFH
A dAGEL HIAAEN dAss e ol
Watae) Q75 st f3S WAy EA =3
ok

A APFT AYFTFel EAHEES FuR o
FhAE A2 g HEE B3] YA 2
%2 Energy Analyzer % AR st gA) vz
He FHsgen, =z AHdE ddiz B
BYAT FUE Ede 257 5& de YR
2o dfdo] AP 7 Jomz dd4y 9
Hof] dANE Bt Axd o3 d&4F S
2 st FHAGES A4

o841 584 FEIE W FREA
AR E gol7] YA A2 stop watchE Al
gata AR Fobe el 2 FE A
Qoo olaF Amz FHHd AGHE= EF
g5 oxe 5%E dA &g

ojs} o] APWgo] e Z BeorMe 2%
ot gt e =Y&le FURa 3289 Nusselt
% Nu,% Nu.E ot 2 o& Axnsga!?

nllr“ M ok &

A

(26)

= Qn(r,/r)

S kL 27

d;

Nu = I(—wam7 (28)
4. 3 W
41 XNs7Hd S9Ed 42 ASEH
é AedgelMe 355 FH4ES 30, 40,

50, 70, 90, 110% % stm Yzise] YT LEE 50
T d9e W 9448 13, 26, 39, 52, 65, 78
kW/m’2 ¥ 7 HA A548e F98o &
Fo AL v HEdYd

Fig. 4% 98§20 13kW/m we ¥
A5 Azte] Aol welA el AFHA 3

Ao wWa Fug Joi i) FUR HLE
2 uetd Addd, 9714 SR HEERR Ty
< ZutE =07} 300mm M 290mm #ol7t
He AHe2AM S8 47 g&Eds E—ﬂ-?"
Ao F79 Y=L 2A debdE R

o 27 2% F F 1580 AAFPLEH 7&“‘“

el =ttt of 3080 #HAE we %—“ﬂig
of 7} A& 30%% HeAYd FuF 9™
=7 373 4@ 2 57 Ao AL _::':
Zlele #AFRAF AYHl F717F dry-outel
dolipa] gfev Azte] 75‘?-}‘3'3&*‘1 A
o =@ Fof ¥ SR - S B
dry-oute] dejit & "*-‘j’%—l“é—l FZ RllM=
Fd g0 W ¥ B2 571 SUTh

140

q, = 13CWITE, T, = 50°C | '

120

100

8D

60

T (°C)

awfy

20|

a 5 16 15 20 25 30 35 40
Time (min)
Fig. 4 Varation of evaporator wall tempera-
ture for filling ratios { g, =13 kW/m®).



FI AR Bo M AFERA 2 T Dol QADA T FE e A 9F 469

140

120

100

80

T,r (C}

sl

40

20

o] 5 10 1% 20 25 30
Time (min)
Fig. 6 Variation of evaporator wall tempera-
ture for filling ratios ( g,=26 kW/m").

Fig. 5= 9#£% 6kW/m’Z a5< o 2%
A zko]l Zstgte] mebd aAEHA FAE] 40,
50, 70, 90, 110%%) AeEM dedEe e
Az A Zgp AJdBye ZyyR dHuecs
vetd A" e AFERA S48
4092 ZdA FURE U] oy EqhAs)
A et ln, 2 ooj e ZAFHA FAEd
A de] 9l ez ALy m ok
FFHA 2480 4% FHdH HH w7t
e HebdaA uJehts AL dfso] o7l
EotA B AFHAS] 94 pool BlF EIZF 9
7t gold =ZHFFA7 dry-out AEle) @ Soi7)
2 e Heldeladm £ £ vk o4 dF
ZoH AP A= A dry-out AHeel
TEHEe ¢ 4 U

Fig. 62 A5 F4 Z2980) 50, 70, 90 2 110
% Aeield FHEE TBEW/m'Y e Fd
B oM dEens ZEAZe Al wa
vetd FAeg2Aa HAZEZ FA3 dsste
dry-out @4eo] dojulx] oz vl AH ¢GA4Ho
2 aAsstn 9 Ae FAsHA oA pool HF
EFol7t S5 AAE $U33 USE & 9l
vl A5 HA F980) 50%Y o WAL= A
A A Yehdi Sl HATE YHIEE
A Jelde AL FUN e FEHA7 o
pool ]S ol olalo g ZdEgw FEHAe o
A7t AFste Wy A Begoz T
BHAGEIs Hel#7] dFos Asdr) o

150 |

q, = 7BkWIn?, T, =50°C

T, (°C)

—a— R=50%
90 —y— R=70%
I —a— R=90%
&0 —O— R=110%

0 5 10 15 20 25 30
Time {min)
Fig. 6 Variation of evaporator wall tempera-
ture for filling ratios ( g, =78 kW/m").

A FT ARACIENNY HHY FFAA F

L 2w QoA FFFA dry-oute] Ao
WA g oA peol Ui ZO)WHE F9dle A
7bF Az elst o & 5 vk AL A&
% BERA 54 5 o) 2287 UYL B
Ag 25 AL B =T 242 ¥s
1I3~78kW/m*Y W 2T A FAE] 50%00A
WiH GAFelm AM@ATH ZA Uehle
Aoz FasEAt

42 I57H SYE 50 e YEHET

=}
=
a3

22 JRalelEe dwte Ty HRALE
# g7 FE5aA T2 B AAY F50Ey
o] &7 W&o FALRSe] & FHL #m ¢
20 FAEFAY FAdEF EF5d wEd F
MEo] HEevRYL 9@y MEAolZms
23] el A oy

Fig. 7¢ d%%o] 52kW/m’d o 2454 o}
g 98 g HUule Ry E el AoR
A vy 2EHA FAg) Zold ua} o
HETT Wi EEsm gt Zwye ol
150mmeAl A 200mm$t REe FHLEZ A3
A delvte AL o] FEANA FFFAIT H
ol S AA = 017t FESE RELIZA
QHgEA7 71 A7) @EH, Eo] 50mm
gt HEe] 10mmel FERY FA Jelhve A



470 ANZ - o7 cld s 7

water, q, =52 kWim®
250 | :

200
g —a— A =50%
£ 180 —p— A= 70%
I. —a— R=80%
—0— R=110%

100

50

0

60 70 B0 90 100 110 120 130 340 150
Toe C)

Fig. 7 Distribution of evaporator wall tempe-
rature for filling raties.

300

250

200

150

H, (mm}

100 }

[+]

B0 70 B0 90 100 H10 120 130 140 150
T"{"C)
Fig. 8 Distribution of evaporator wall tempe-
rature for heat fluxes.

e FEFATL $2322H AAFFRE Fid
g0l o WyFex AW JPor HFEHI)
dolx|7] Wiel verdd, Folzt 250mm o4
M HReEst 4uEez w4 dehte e
FUE 272 25 3719 QEst pobA HF
AH7t GolAR F717h Hdsy) WEel Huo
EResst 54 Uehds 2oz AR

Fig. 8¢ 2989) 50%Y o df%e Wl
e ey FHe YALEREE Ed Ao
24 ol ERIAL 4800Paz AP HA3
7 ARA WAELES f3E WHATEA A
s49d Aoty AFAA T UA

g F7tlE BT HuEzy F

st 485
| tha R8T A9 2eln U,

7H&e
43 ZwRolM v SHHPH T FRAY

2z WEAlolEd A dAEASFE H5LY
o2 Fam o) df%, T 73 7x,
FEHA F4F 292 EHUP AP Fad
F& AHgstel dRgA S FALNE =&
71 s GRS B FAYT W 7y
Hol ZaYF Yo Fog MEE Hade X
& T3t olAE gALAF Frh Ho A
FadgAsE (202

Fig. 9% U8 & 4800PaZ 43 #FAA
Fi1EA Ei&53 FERA FHES WHAAE
A ReAEd BNEAM old HFIHEATT
2980 50%Y w7 713 2R FYE] T
G422 usdAaeAsy arle e ¢ 7
Ack, mEd BAERA FAEL ATEAGAT
s AHE #AE AR AFS & F den,
a4 L 4255 thgd el FAs e
g 4 sl

Nu, = a X R" (29)

Fig. 102 =33 Y2 2adzd vF5Edg

s R=50%
v R=70%
» R=50%
o R=110%
80 . )
LA
’
i v
:Jz 70 ]
=z ° [ ]
: 8
60 2

50
107 10"
X

L]
Fig. 9 Dependence of Nu,, in evaporator on
dimensionless X, for various filling ra-

tios { P, =4,800 Pa).



2T 2o BoM AF 54 $UET fdol ALGAT AFA vAE TF 471

90 T
s P, =2000Pa
v P =3.200Pa
goH = P, =4800Pa
g
£ ]
70 LT ¥
g ¥
£ 60 ’[—‘
z
50 ‘
40
30
10' 102 10"

X

Fig. 10 Dependence of Nu,, In evaporator on
dimensionless X, for various saturated
pressures ( £ =50%).

a0
80 %

70 iid

60

i
S0 T
/ !g Nu_,=1.646 X "'*'

40

Nu,,,

30
1" 1012 10"

X -

Fig. 11 Correlation of Nu,, as a function of

dimensionless X, in evaporator.

Aoty #AE vebd Ao 2A X7 573
oz} dAgATH Frre EAYEHY A7 4e
wAgle] AL gL FEE Holxn Ytk oA
dfLe FAQTE W L33 EHAE
Eam glr] did T Wil we W
= WEsln eole X8 WA FSuAS
Ax g7l qEo Aruvh wHd Ferd
Ao vFadeAsE Xoe @4 dEe 3
dHIAE FAZ RS HAEE G+ Ut

90

80

70
! [ »—.__I_
60
B

50

Nu,,

40 Nu__ = 65.92 R-u.msar

30
04 05 08 07 08 09 10 12
R
Fig. 12 Correlation of Nu,, as a function of

filing ratio R in evaporator,

G0

80

70

60

Nu,,,

50
I

Nu_ = 1.6067 x'D.1291 R—D.HJSS

40

30
25 30 5 40 45 50 55

(X.UJZH R-0.1053 )

Fig. 13 Correlation of Nu,, in evaporator with
ean. (300,

olg} o] ulFHHEAFE X} $YE R2
A Aoz vEbd 4 gles, FadAS
E T37) &AM Fig. 115 o] vFdAgs
o Xole #AAE JedAded X8 AfE
0129124 Yelgth 23 Fig 128 849
13~78kW/m’e]l #9 A e ZAg|
& HESdAdAsE JEbd Al FdEol
F7tg+e NSARGASE G Paste R
o 257 —0.106322 ey ?



472 A71% - 171 - o4 - 44D

" // g

0

60

N eaiy
%

50 74

4
N4

30 40 50 60 70 80 90

NU e

Fig. 14 Comparison of correlating equation giv-
en by eqn. {30) and experimental value.

Fig. 132 ulsgadgAss (x® RS
o #AE Jeld AQd d¥Hez FrhEd,
Agaet 2L FEE Hel22 e o] F
dio e v FdAGATE &5 7189 A
el F2E FAYAA X A5FH F48 R
2A BEE & A

Nu,, = 1.6067 X215 p~0.108 (30)

Fig. 148 A@0d Faddez Axd Hs
dA2Ase Agls T@ HsddEAre £
Ag BluENY AdW vEH 5% WH HelAM
% dAdEz B H4o) Bage ¢ 5 ghY

44 SHFolA SHAVSA 5o FAHY

FaRoe v FdHITASTANA Fo| FA Y

+& F87] A8 ERAADATH X g9
ZAE dehuided X9 A5es 0166622
Uehth dfge] 13~78kW/m'e]l M9 el
Ztztel FAES dF SSEALGAFE UE
AQH FAgo) TSR FHUATAFE 7
Aste] B2l A7t —020712 vebwith whebA
SHAdALAT FRAHL F8 Aol Fig. 15
24 23 Fe) vewr

Nu,, = 1.276 x 10 X 70186 o037 (3))

240 /

3

u
2
[=)
-
O
N
-

120 "
100 /
83

o

[ Nu=1.276x10* X 0% RO#7!

5 SO N I P A

006 .pog 010 012 .014 016 .018 .020
(X 01665 0-0.2971 )
c

Fig. 15 Correlation of Nu,, in condenser with

eqn. (31).
260
240
" -
220 §-1
5
200 / //
/*4' /
L L
/ 74P
2 160 o =
L _J y -
40
e
120 //
100 d

80
80 100 120 140 160 180 200 220 240 260

NUc, o
Fig. 16 Comparison of correlating equation giv-
en by eqn. (31) and experimental value.

Fig. 162 4G9 FAAYoR AVY $3
FAGASTS 4PN T8 $F3AALAS o
Ag W BT RAY o 0% FEY 0AS
wol3 ol XaERYE Eess TAAYRG
237l 10% AE FARGT BAH $EAA
Afe AT JlaRH T2 FAAZ X
o g R2M FAANoD UEd § Yo
M, ZgRelMe WSANSAS oAy
oha 2A JEptE AE 3% g%eAd Y

% 9 F%d Ws ge 9%e A9
A% W7 ool W@ B AA7| HEo
2 Alg sl



FZ AR EoM AEFA 08T dfdo] dABA T FFY A TF 473

Adse] AFHAZN F
T 3UES AHEE BRI
S99 A% e e ¥
W $EANLASY HBYE o

(1) D&l 13~78kW/m’el ¥WeidA FE
T4 FYEo] 4% olst e dry-oute] A
32, 70% o)A de FdFo] Hristd dAH
A7 Zadte AgE Been, HFg F9
EL 50%EAM olE dry-oute] doltA] ¥n &
FA2 o pool HF Eol7l FHH HAE F
B oo A A9t 2 Ao E vkt

(2) dH2o] 13~7RkW/mPe] WHolA g
&3 7)5taQ Tz 2RUF Xo FAE
RZ b Fuge vigdAgAsE 494
o Hlira] BA o 5%9] 9X1E Holxm o] 2
AUAE A goUR gon, HFEIALAST
o] Baale thew @k

Nu., = 1.6067.X."# R7*1

(3 ool 13~-T8kW/m'e B d#
%3 71&atAd Faxe FAAT X FAE
Rz Jetd 2549 $5diLATE 494
o} v Ed oF 20% AEe 235 Holm ¢
oy, $&gAgAsY FAE e e 2o

Nu, = 1.276 x10* X0 R750

ilal

28

1. KW. Lee, KC. Chang and S.H. Hong, 1998,
Development of heat exchanger with separate
tvpe heat pipe, the Final Report of Ministry
of Commerce and Industry

2. Faghri, A. 1995 Heat pipe science and
technology, Taylor & Francis Publishing
Co.

3. McDonald, T. W. and Stauder, F. A., 1986,
Experimental study of a two-phase ther-

mosyphon loop heat exchanger, ASHRAE
Transactions, Vol. 92, Part 2, pp. 486-493.
4. Ali, A. F. M. and McDonald, T. W., 1977,
Thermosyphon loop performance characteri-
stics: Part 2. Simulation Program, ASHRAE
Transactions, Vol 83, Part 2, pp. 260-279.
5. Imura, H., Saito, Y. and Fujomoto, H., 1989,

Flow and heat transfer characteristicsin a '

closed-type two-phase loop thermosyphon,
Trans. of the JAR, Vol. 6, No. 2, pp. 73-82.

6. Chen, Y., Gao, M. and Xin, M., 1984, Ex-
periments of heat transfer performance of
separate type thermosyphon, SIHPC.

7. Mou K. and Chang H., 1983, Sturdy on
percentage of liquid filling of separate type
heat oipe, 3THPS.

8 T.Y. Kim, 1989, Study on the flow stability :
and heat transfer characteristics of closed :

rectangular thermosyphon loop, the Thesis
of Ph.D in Yonsei Univ.

9, Collier, ]. G, 1972, Convective boiling and .
condensation, 2nd ed., McGraw-Hill Book :

Company, New York

10, Huang, B. ]. and Zelaya, R., 1988, Heat
transfer behavior of a rectangular ther-
mosyphon loop, Journal of Heat Transfer

Transactions of the ASME, Vol. 110, pp.

487-493.

11. KC. Chang, KW. Lee and $.Y.Yoo, 1998, '

Experimental study on the heat transfer

characteristics of separate type thermosyphon, '

Korea Jourmal of Air-Conditioning and
Refrigeration Engineering, Vol.10, No.9, pp.
22-32.

12. K.C. Chang, KW. Lee and S.Y.Yoo, 1995,
Correlation of heat transfer coefficient in
separate type thermosyphon, Proceedings of
the SAREK’'99 Summer Annual Conference,
pp. 77-83.

13, Stephan, Hein, 1981,
Correlations for nucleate boiling heat trans-
fer in forced convection, Int. J. Heat Mass
transfer, Vol. 24, pp. 99-107.

Karl and Auracher,



