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Effect of Quantity of Working Fluid on Performance of a Heat Pipe

Al 3 g* = L=
D.Y. Shin S.T. Ro

ABSTRACT

Experiments have been performed to find an optimum filling quantity of working fluid in

a heat pipe. The optimum operation has been defined to give a minimum temperature difference

between evaporator and condenser.

The experimental results show that there exists an optimum filling quantity which is slightly
smaller than that calculated by the well known formula from the geometry of the wick. When
the concaved vapor-liquid interface at the wick is taken into account to calculate the required
quantity of working fluid, the computed value agrees with the experimentally determined

quantity.
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Table. 1 Dimensin and material of heat pipe
Total length 496 mm
Length of evaporator 150 mm
Length of adiabatic section 146 mm
Length of condenser 200 mm
Outside diameter of pipe 28.6 mm
Inside diameter of pipe 25.3 mm
Wall thickness of pipe 1.65mm
Working fluid distilled water
Material of pipe Copper
Meterial of wick Brass
Mesh number of wick 150 mesh
Diameter of vapor region 22.2 mm
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Fig.1 Schematic diagram of experimental

setting up
2EERF L T -T2 AW 1ER
47, ggFd 374, &7 g Hn

Hr71EA 2 Hdsdd. 9% 70mm, FA
5mm¢! 43 PVC#o 2 3|E HolZel F
Agdoz dFAE SFF Ed o e
Wzlrs 2838 3719 sz Fe %;
E Fol Eol XA s dAT FHE
Eo] #38 9AsA FASA

A A ANE & Fig 1o YeERY Ao

E--

i:l

N

rﬂ

2.2 AEHYH

3| e do]xe] 7l AE L 63W, I4W,
IBWE WstAsIE Fugst g5z 3
FeExE Tol 2 gol AL/ S AER
A AR Tl el FUHE AFHAS



Chi®e] Alatekroh 9% 2o JRE 5%
ZA17] 35ml (RV=0.91), 36ml(RV=
.93) 37ml RV=0.96), 38 6ml(RV=L. 0)
2 40.6ml (RV=105)2 z}z} e F4st
o A@stgch olwf Chiol 23 ANE o
o7 2o

i o

<O 0

m=A,L, P, +A,L, ¢P, (1)
m
14 =
* Paim

= (AL, PytA L eP) (@
Palm

A% Mg vehle cx o
A% vl (& A% FARAY 2ok 37
o} zatelg Fach

2.3 MEEN

71518t E &t olsle] AlAE olE FH
groll W g AAl FHF] H LS FHERV)
2 Yehgo 2 888 91 %2R 106 %
7tx) wistele] A3 AAE FUge] uke
L5 2 ¥ & Fig.2-6°] JeEMT) Fg &
AN A g2 63 WM 133W7kx) #sl
A7l AEgAZFe 3B/m(RV=09102 &

ASolth, A aA P ¥How R

140

120

100

80

60

40

Temperature, T C

20¢

100 200 300 400 500
Axial distance, Xmm
Fig 2 Axial wall temperature distribution
with working fluid 35ml

EEAT - HSHETE HE £1 & £ 48 (1989)/315

140

120}

Temperature., TC

A 1 1
100 200 300 400 500
Axial distance, Xmm

Fig.3 Axial wall temperature distribution
with working 36ml
w7t Hab £718H8 Heln At} Fig 39
Me FERFAFTSE 3mI(RV=0.93)2 1}

- o] AP E Apolth o] Af FEREY 2

=7t ddEe R Y3 olnAx FdT P
g Bolm gty FHRAFEE 3Tml(RV=

0.96) & %1% Fig 49 4%, $2¥%%
LRte] 2mabvh Fophe &4 £ g o
ol I E mol Xy} AAAHZ AFA B
A qtEe] A SRl o How @
oAzl Aol 2AE Aelnz ol&
gk ool g Fdsle] FYsiar] =g
Aoz Az

Fig 59 Fig 6& 38 6ml(RV=10),406
m(RV=105)2 §AE I 2 $ =24

140

120 F

RV =0.96

100

. 80

60

40

Temperature, T T

20}

. 1 i 't

100 200 300 400 500

Axial distance, Xmm

_Fig.4 Axial wall temperature distribution
with working fluid 37ml




316/

+40

120y RV =10

Temperature, T C

1 1 ! L

100 200 300 400 500

Axial distance, Xmm

Fig.5 Axial wall temperature distribution
with working fluid 38.6ml

140
120+ Rv =105
100
80
60

40

Temperature, T C

20+

[ 1 L 1

100 - 200 300 400 500

* Axal distance, Xmm
Fig.6 Axlol wall temperature distribution
with working fluid 40.6ml

80

70 ' d
]
60}

i3}
[
g wol \\‘_/
=
B 40f
E \/
30 F
§. ® 133w
g 20} ) A 04W
= @ 63w

L n 2 L . L 1 Il I

34 35 36 37 38 39 40 4t 42 43

Quantity of working fluid (ml)
Fig.T Plot of tempercture difference
b[w*'l avanoratar ond condansar

with w

SHEA & Fo] AR Qs =
Fol Rt A= SEHF APGEGL B
oEt d dEe] A@slR] grol Zw
Fe] =& oA Hod
Fig. 7& 2R & Wzl e Zun
e A 2EAE SR E gl
1 L}E}Lﬂ Jdelth gl B4 9l
€ 2l ety SR Fun

=27 45 HE H4E 2Hde x
Aol EATE & & At

o
(=]
fein 8
=
o}

o e 4z

rto‘nsxj*ﬁ'
N

rxr Loyt koo

3. ZEg s ;3

AR Y guAE o] A4 s
Laplace -Young 4 o 2 2&

1 1
P =g (E +R—2) (3)

Fig.8 Geometry of meniscus ot liquid-
vapor interface

2 Folxth o714 13 2+ Ide 31’—
‘i‘_%‘ii Fig.8 Jebd 7 2}, slE
Zol A BAEHE HoAe] AAY AL Figd
E“?'E‘I Rcos 8=r, 2] #A 7} Fox=2 (3)
Aol A FuRel & RoAe] A YL

Lﬂﬂm

(4a)

(4b>

e



Re

2
7774

condenser -

evaporator

Fig. 9 Wack and pore parameters evagporator

and condenser
1 R /
' ' ’
. . . e
rd rd ~
‘\ /{.f‘- /L/—-— / \\
e
b4 L7
N Y %2
NES . ] f
P ! AN 7
R Te= Z—N N -
Curved
surface

(a) Goometry of meniscus at (b) Top view of

liquid- vapor interface (@)

ak

& ‘ ﬁ"

(c) Scctional viewat €))
diogonal direction
of(a)

Removed volume
at corner of(a)

Fig.10 Geometry of removed volume at one
lattice of wick

cos b, cosﬁc)

Tee 7 e

2 o] Hul mA@Agegel AT Ak
cos§,=10]3 cosf ,=00°] grEEoojo} 3l
o, & & RZ% L 7]dAHol HHel Hi &
uln e g&zte]l 908 QE-sHA Aol 84
[e]

(5)

P =201(

-

Fig. 102 olufoll dhte] Aol Al A
oAXE Fg AT Aol olE FaATER

> A datel AARE ¥

EEFAN - GEHELR RE F1 L £ 4% (1989)/317

Vie= [27L'+ F(4— 7!.')](
XN? X (%d )L g5«
1 .1
24(471: T)NM”L’fﬁe (6)

ol FRAF Vi

Vopt = Vth _Vre (7)

7 ©th olet e ndy S B A AL
gt SlE ulo]l=o g w HAH FHFL
37 72ce 7t AT} o] e AFHoNM F3 <oF
37 m ot & A3l groloh

4 2 £

L8 253 P?ﬂ 71 A A =
s Ax AFaA A
AdlA Fat gun ok
ol AHNA TWHS SF el LrAE
23tshe ABRAe] ¥ Taln, ouw
g pulElste] 8k okg 1 =3}
sk et HF AEeA s % o
& 7lstety Az Falr) Hoke vl
A, SR 2 gl BN %E, %ﬂ'fiﬂ
HGol FoAH 2 mellalod Al Wy
of ojsted P& 4 gls Aelrh

£ a7 23 dxAsA e 788l
0901-024-2)¢] Aol 2}t Aoz ol T
atod AR ‘

& 1n 2 8

1. R.S. Gaugler, Heat transfer Devices, U.S.
Patent 2350348, 1944.



318/

. AV. Luikov, L.L. Vasiliev, “Progress in
heat pipe and porous heat exchanger
technology”, Int. J. Heat Mass and Trans-
fer, Vol.18, pp.177-190, 1975.

. B.J. Huang, J.T. Tsuei, “A method of
analysis for heat pipe heat exchangers”,
Int. J. Heat Mass Transfer, Vol.28, No.3,
pp-553-562, 1985.

. M.D. Kellher, Heat Transfer in Electronic
Equipment HTD-Vol.20, ASME, 1981.
. D.A. Reay, Advances in Heat Pipe Tech-
nology, Pergamon Press, 1981.

A48, 94 &, A%¥=E, Thermo-
syphon & °©1 &% S&5AMFA, W5
x71&, AR HAASHA TS, 1985
23, MY S E do|ze] A o
g A84 sy, Moty ekl MA)
&9 =7 (1981).

. S.W. Chi, Heat pipe Theory, and Practice,

McGraw-Hill, 1976.

. K. H. Sun, C.L. Tien, “Thermal perform-

ance characteristics of heat pipes”, Int. J.
of Heat and Mass Transfer, Vol.18, pp.363-
380, 1975.





