Kt

e

o

T
o

Mo

] oSl 2

A
0

r- E
o

Heat Pipe 4

20049 24

o

o

o

o

ci

T



124 159

20034



A DSLIACE e rerermrere ettt ettt e e e e en i
F) . B A et ee e v
L. Al B e 1
1.1 72 A @) B e 1
1.2 Heat Piped] Ya] s 3
D O ATD e e et 9
2.1 o] &3l AHE-® Navier-Stokes Equation e 9
2.2 e Aol 2]8F AP ] et 13
23 E,_‘ﬁ‘{zoeﬂ et g_u‘_oﬂﬁ;z] ................................................................ 15
2 4 MAFO] QFEI A} ottt 30
2.5 S7]AFE] B 392
26 u] ot}g‘;_/«j _ﬁ_,«:ﬂ 01174 %7]/&01- o&a_:p&g]_ ............................................. 34
2.7 BIEAA L] 25 AT et 37
3 E]Ej}o]g_gq SRR B AT 39
3.1 A uiarxdAl = =] 8 A 2] GEA] e 39
392 '5]Ej+o]zo FAAD A AT 49
3.3 AlAle]l Q& R Z T e 44
A, ZAFTF Bl GTAR e s 46
4.1 Fa27o]e] sk QB ZFE| vt 46
4.9 a3l ost o LA Agol W3 46
4.3 FEAolo 3 2% 0] WF 50
4.4 FEAo)ol A3F AeFFuFe] WS} e, 50
D A B e et et e e e 53
FF A B e et e 54
B e 57



A Study on the Prediction of Heat Pipe Performance

Ki-Hong Kwak

Department of Naval, Architecture and Marine Engineering

Graduate School,

Pukyong National University

Abstract

The heat pipe is a device which has a very high thermal
conductance. The idea of the heat pipe was first suggested by R.S
Gaugler in 1942. It was not, until its independent invention by G.M.
Grover in the early 1960’s that the remarkable properties of the heat
pipe became apperciated and serious development work took place.
The heat pipe is similar in some respects to the thermosyphon and
it is helpful to describe the operation of the latter before discussing
the heat pipe. A small quantity of water is placed in a tube from
which the air is then evacuated and the tube sealed. The lower end
of the tube is heated causing the liquid to vaporise and the vapour
to move to the cold end of the tube where it is condensed. The
condensated vapour is returned to the hot end by gravity. Since the
latent heat of evaporation is large, considerable quantities of heat can
be transported with a very small temperature difference from end to

end.



This research is studied of heat pipe’s property and basic
calculation by computer. We study in this reserch with CFD Method
and analyze the property of heat pipe. Now Compuational method is
used to analyze the heat transfer performance. Many experimental
method is applied to analyze physical properity and the application
in industry. Computational method can be reduced the cost of
making experimental apparatus. Finally this study is aimung at
studying the heat pipe’s working principle and calculation of basic

equation for the fundemental heat transfer performance of heat pipe.
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et & R, obehst o] vhehllo] 4 47} ¢
R, r
R, = T_z (2.5.1)
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2.6 Hlghsd wAoAM S71d =zst o2

Bl A b Al AR g o s FolRolE ohojol & sy e
Siee] 7hg ot <bE e Kot gk el oy o)A WA Ao
o] Aokgttt, W AFArt ole] #ote] LAY, Y Ago R 3§
Exfo] o] o] £off gt T2 Cottercll 218§ olt}. Cotters 59 )
obzx3 .9 sHEA Ao gt Held FY gl A=

H ooy owxﬂ-i 'r_ BUE Oﬂ
Yuan and Finklestienol 2¢l&]lr fojd i walct

dP,  8um 3 11 .
& n+ TR 57g fir ] (2.6.1)

ol 12w ofef et o] HhAHe] A},
AP, =— —twew (2.6.2)

o R, >> 109, Azd Wde] fado] a9 913 BFoA

:[o

gt Tl Atsle] Aok,

AP, = Spr] (2.6.3)
o] A& Al A elehs
(p 7T7‘3’U)2 71'2
AP, =- v T 5 f 2.6.4
ve 8.1 3 P ( )
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81, ml
APy =——"7 (2.6.7)
TP,

2l Cottere] A BAA L oy 2o},

Ay M

8p,mi,
5 ) — R (2.6.8)
; wpe,T

v

Busse:=

o Hagen — Potseuslle -4 (13) 5}
23} ar ole] ol &gl Aoyt 71 | E Dol ) d Navier— Stokes v

DL F7F At
Busse2] ZAa2]g ofg) e}

A2 (12)9 &

2Tt
AP, =— 8“vm_l£[1+R (1_§4+23A2)] 5.6.9)
Tt 3 1 Rl = 37+ s 6
8}1/ m l 7 S8a 230}2
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e ’/'l'pv'r':)1 2 [1 RTC(Q 27 + 405 )] (2.6.10)
_ SM”mla Rerv 23
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Navier-Stokes "3 4]

%% (pvx)+ (pvy)+ 8 (pv,) =0 (3.1.1)
Euler W% 4]
-d—(pcﬁx)Jr%(quy)%‘g-(p@) =0 (3.1.2)

Hagen-Poiseuille %4 4
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o

Pu | Ou

a2 "oy ! (3.1.4)
3.1.4240¢] ol2] g hdekel A
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Ay == (v 5+ gt e ) =0

_ (u’é+1,j+ ui‘l;j+uf,]+l+uz',j71) ( 319)
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o SAA A4
100°C 2 Layers® 250 mesh YIF= Sulr) L7 30° g&5do)
30cme] AFAE 1eme] QAL 2=t} s|Egdo] T FAgd=

Foll ek el 4 e de) i ofush 2t}

AP, = AP+ AP+ AP,
$2li Fol 2l digpA o) A mAajelq 2o)o] olg relzte AP,
£ RAEE 9 e ofelel o) g

2ocos8 Qs

Te B plL = AwK +pigszn¢

KA, 20, ,
= lel ; ( - Leost — Pigloysing )

ml

o 4 /’Ll
1= 5 ((“/;l“) ALK K + pglogsing)

3.060, T

AT =220

wn S. Tunits

A,=0.018 x 7 x1
= 0.057¢cm?
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L=2.258 x 10°]/kg
P, = 958 kg/m*

;= 0.283 mNs/m?
o, = 58.85mN/m
K=0.302x10"1n2
T,=100TC

=0°

bd=30"
0=2.5x10*cm
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3.3 AlMtdl 2lgt =z 7842
% % title matlab program about heat-pipe property simulation

function y=heat(x)
%

format long e

x=0.001:0.001:0.3:

m1=((958.70.302e¢-10.70.057e-4) /(0.283.*x)) :
m2=((2.758.85e-3)./(0.2e-4)-958.%9.80665.*x.*0 .5) ;
m=ml."m2;

qQ=2.258e+06"m;
D=(0_283/958)*((m.*x)./(0.302(3-10*0.0576‘4))+958*9‘806
65.7x.70.5:

g=(0.00002/2).*(((0.283/958) .*(m.*x))./(0.302e-10*0.05Te-
4) +958.79.80665.*x*0.5)
dt=((3.06.7g.7373)./(0.6*2.258e +6.*2.5¢-5) ) ;

t=100+dt;

%% 3S|EFO]E mato] A#gkst FURT A o]} gL

| P — £
| 2]

ZBr 23 HYE Zeo)

>>
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Er=(1.963056108243743e-002-1.971 638652905373e-002)./1.963056 108243743
e-002

[ir =

~0.00439750276387
e 9 AL 0.439750276387%<) A2 e AR gt
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Fig. 6 Pressure drop vs. effective length
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Fig. 7 Rate of heat vs. effective length
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Fig.8 Tempature dropifference vs. effective length
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Fig9. Mass flow vs. effective length
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