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ABSTRACT

The development of the heat pipe was originally directed
towards space application. A two—phase closed thermosvphon 1is
used instead of a capillary heat—-pipe when the heating region
is located below the cooling region to be effected external
forces, such as gravity. The thermal resistance cf a two-phase
closed thermosyphon is so swall that a large amount of heat can
be transferred with small temperature difference. Heat is trans-—
ferred bv utilizing a phase change of working fluid Irom evapora-
ting section to condenser section, so the condensate has to returned
by gravitational or centrifugal forces.

The recent emphasis on enrgy conservation has prompted the
use of the heat—pipe as a component in terrestrial heat recovery
units and solar energy utilization. Another uses as an effected
in the heat pipe field has been the increasing emphasis on its
o 1
1!

—>
~——
= D

ivice for the cooling of turbine blades,

.ll M ' ﬁ
1 3 i

]




SRR 6] del e SRR LS BEETE L BESE BT 127

ABSTRACT

The development of the heat pipe was originally directed
towards space application. A two-phase closed thermosvphion 1s
used instead of a capillary heat-pipe when the heating region
is located below the cooling region to be effected external
forces, such as gravity. The thermal resistance of a two-phase
closed thermosyphon is so swall that a large amount of heat can
be transferred with small temperature difference. Heat is trans-
ferred bv utilizing a phase change of working fluid Irom evapora-
ting section to condenser section, so the condensate has to returned
by gravitational or centrifugal forces.

The recent emphasis on enrgy conservation has prompted the
use of the heat—-pipe as a component in terrestrial heat recovery
units and solar energy utilization. Another uses as an effected
in the heat pipe field has been the increasing emphasis on its
use as an effective device for the cooling of turbine blades,
and electronic components as a high efficency heat exchanger,
exhaust heat recovery system, and in atomic control as a thermal
switch and air conditioning system.

The basic experiment on the two phase closed thermosyphon
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was carried out by Lee and Mital.l) Imura and Shiraishi obtained
the heat transfer coffeicent and the thermal resistance of a
vertical thermosyphon.

The directions of vapor flow and gravitational force are
crossed according to the inclination angle. So the flow pattern
of two phase flow and the characteristics of heat transfer are
variable. The condensing heat transfer is characterized by a
liquid film of annular flow, and the shear stress of liquid-gas
interface has an effect on the limitations to heat transfer.

This paper is dealt with prediction of maximum heat transfer
rate in heat pipe and the theoretical analysis is based on Mital's
it. The object of the present paper is to study on the perfor-
mance of two-phase closed thermosyphon through the theoretical
analysis of the system for an ideal case. Also the experiment
attempts to investigate the condensing heat transfer at the
variable operating pressure and charging quantity of working
fluid as a R-113. Especially in this paper is forcused on shear
stress, temperature distribution of the liquid film and the velo-

city of vapor and liquid at the annular flow region in heat pipe.
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Fig-2-3 Idealized twophase thermosyphon
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Fig-2-6 Heat Flux of Liquid Film
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1 /3600)30.18)) X
¢ Whz(o] X Q 2 v} T Y L Cal/NsLsg)
UPH=QA/IL
PR{T)=CPL(T)$VSL(T)/TCL(I)
¢ WBITB(#,8)P(1),78(1),,QA,QPK,QC, QD
¢ (QBR=Z Mol 4] off & ¥ FhF 8 AF YA THH] CAL/NL 38C)
QBR=((VSL{T)®(BG(L)-BL{I)))/((0.0047883)8(PRII}885.1))8((RL
1 (1)-BG(I))/SGN(I))880.58(CPL(I)s®/(BG(L)-BL(I))) 883}/ (3.6
2 11.2)
c (20BBB2] A} off o 8} of A APEY A FH A ¥F 3| [CAL/NSSLSEC)
QZ=13098BG(T) 8 (BG(T)-BL(T) )8 ({ (SCM(T)8(RL(I)-BO(I)))/RG(T)
1 #32)880.25)8(RL(T)/(BL(I)+BG(L)})830.5
C WRITB(s,8) 7,Q88,&
IF (7.L9.30) 00 Y0 10
¢ WRITB{#,8)P(1),18(I),T,CAMMA, DTA, TOTA, ADTA, UN, REF, HN, QC¥, QC
C M(S 2R oA B3 dur B chy) (AN B dY 57
¢ BAAT ol wg=E ), WP X N0
¢ VRITR(3,1000) P(I),18(1),BL(I),BG(I),VL(I),VG(I),
C 1 VSL(I),v86(I),TCL(I},CPL(I),8GM(L},RL(T),BG(T),PR(I}
C1000  PORMAT(/,1H,1X,P5.3,3%,¥6.2,2X,2(F6.2,2%),2(B10.3,21),
c 1 Fs.3,2!,33-2,21,“-4,“,“-3,u.mu“,zx,
C 2 2(R9.3,2),810.3,/)
30 P{I+1)=P(1)40.1
§70P
)

SUBROUTINB HABDAB (P,18,BL,EG, VL, VG, V3L, V8G, TCL, CPL, 50K,
1 BL,RG,PR)
C PROPERTY OF R-113 LIQUID AND GAS -
¢ 8AT, TRNP, VERS . PRRSSURR T8:=CENT. P=EG/CNZA.
IR(P.GB.3.5) GO T0 ¢
IP(P.CB.2.5) G0 10 !
IF(P.GB.2.0) GO 10 3
T8=8QRT(1793,58P-949.36) 417,383

TS5

3 T9=8QRT(1417.78P-1190.86)+28.19
0105

1 T9:3QRT(1312,38P-1291,9)432.1
60105

{ 18:5QRT(1200.08P-1416,56) +36.8
C ENTHALPHY VERS.PRBSSURR :ECAL/KG
C BNTHALPHY OP 8AT.LIQUID  BL=KAL/KG
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IR{P.CB.4.0) GO 10 3!
IF(P.GB.3.0} GO Y0 32
[F(P.CE.2.0} GO 10 33
BL=-1.23%P882,48,828P+102.43
08
BL=-0,478P432,45,874P+105.28
(08
BL=-0.268P882. 4. 643P+[07.10
08
BL=-0,2048P832,45,028P+106.10
ENTHALPHY OF 3AT.CAS BG=ECAL/KC
IF(P.GB.4.0) G0 10 M4
IP(P.GB.2.5) 00 10 35
TR(P.CB.1.5) GO 10 36

BG=3, Tepe 1415

0N

BG=2,58P+143.)
BG=1.758P+145.2

HRVEL

BC=1.48P+146.6

SPRCIFIC GRAVITY OF SAT.LIQUID  RL=KG/M3
IP{18.CB.110.0} 00 10 41
IP(79.CB.90.0) GO 10 42
IP(18.G8.70,0) GO M0 &
IR(TS.GB.40.0) GO M0 &4
BL=1000.,08(1,621-0,0023518)
{0020
BL=1000,08(1,63-0,00253418)
00 1020
BL=1000.08(1.542-0,0027278)
00 70 20
RL=1000,08(1,651-0.,00285578)
00020 -
RL=1000.08(1.,672-0,003318)
SPECIFIC VOLUMB OF SAT.LIQUID  VL=N3/EG
VL=1.0/RL

SPECIFIC VOLUME OF $AT.GAS BG=EG/N
IF(P.CB.2.0) G0 Y0 45
IP(P.CB.1.6) GO %0 4§
IR(F.CB.1.2) G0 %0 47
RG=6,78P+0, 44

G0 10 28

RG=6.64P+0,56

G0 10 28

ES=§05§§00.72

T HE

[ N3

pal
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RG=6. 48340, 76

¥G=1,0/80

SPRCIPIC YOLUMB OF 8AT.CAS VO:M3/K0
VISCOSITY OF 94T.LIQUID,P=FRONZ.07 70 4.01 EG/N2A,
VISCOSITY OF SAT,LIQUID VSL+EC/H3HR

VBL=9.8836008(9607.0/(78+81,67)-22.8)/1000000,0
VISCOSITY OF SAT. GAS  VBG=RG/NsHR
V8G=0,035288(0.0024878+0.987)

THERKAL CONDUCTIVITY OF SAT.LIQUID TCL-ECAL/N$HRSC
TCL=-0,00027187940, 086

SPECIFIC HRAT OF SAT.LIQUID  CPL=ECAL/EfeC
CPL=0.,00045578+0.207

SURPACE TENSION OF B-113 SGH=EG/X
§0N=(0,0062538((214,1-18) /487.25)881,206)
RBTURN



