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Abstract

A small-scale loop heat pipe with polypropylene wick was fabricated and tested for its thermal
performance. The container and tubing of the system was made of stainless steel and several working
fluids were used to see the difference in performance including methanol, ethanol, acetone, R134a, and
water. The heating area was 35 mm x 35 mm and there were nine axial grooves in the evaporator to
provide a vapor passage. The pore size of the polypropylene wick inside the evaporator was varied
from 0.5 m to 25 m. The size of condenser was 40 mm (W) x 50 mm (L) in which ten coolant
paths were provided. The inner diameter of liquid and vapor transport lines were 2.0 mm and 4.0
mm, respectively and the length of which were 0.5 m. The PP wick LHP was operated with
methanol, acetone, and ethanol normally. R134a was not compatible with PP wick and water was
unsuitable within operating limit of 100°C. The minimum thermal load of 10 W (0.8 W/cm2) and
maximum thermal load of 80 W (6.5 W/cm2) were achieved using methanol as working fluid with the
condenser temperature of 20°C with horizontal position.
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Table 1 Specification of polypropylene wick Table 2 Thermocouple locations
Material Polypropylene, PP T Sl xH
Pore Size 05~ 25 m Toe S ET9 57
Porosity 0.4 ~ 05 Tue SR Qo] =7
Melting Temperature 1 bar 160 ~ 170°C Tie SER ZT9 A
Operating Limit 4.5 bar 90 ~ 120°C Tir MA ALz o] AA
18 bar 48 ~ 65°C Tup Z71% =7 A H e H
Thermal Conductivity 0.2 W/mK Tip MAF S A ¥
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o — o = ?Lo o = [l [e) = = = -2——7(-]:‘ o3 0 '(‘S]—_Q_ié ng_:_
B9, IET $H%E PNl ALFig ) B L L LA 0% FS) FREH 018
upyo] o] 7] & 40 mm, Zo]50 mm, 9] AL S e
= R ] ) y L - - - =
30 mm °]i, 7)ol MAAZZRIL EEE o Atk A2 5 colse] oA s
y R = o - - ~ =] = -
9,131—} }g’ﬂ]olq— T)Z_‘]?——_}‘FT" 7}_05 U\_:]_Zj]% 35 mm x 35 ‘—4’ /\E]Ijo}": %?l’ %{Eﬂoﬂj\ﬂ :Tzéﬂt %E%
_ AR EGHE o g3to] 22rir %33k,
mmo]al 7tEWel = 979 1FH 7} do] whgko e . L
2 Qasel gtk olRe Ba swyeld gy IO FEON G Lpd geaas v
Y= =77} mjEEcl 2o Akels ppd o] SHITE PP 29 FFA7]el e AES 9 A
i o = .o =TT H a3 - 47]‘;(]94 ol o /\]__g_g}_o:h;}_ 1 37]15 5 1.0. 20
FAE smmz tdre] aen gvke] uae e e o S T 2
= A . - -
So1 vl 10l & 7 skl 5 mmoelglnh AwfAge A ()
s = w e A4 BRI, AEEAR WEE A )
A . h _ - - - -
40 mm 20 mmelw O WA ARE R A g A7k
Tl,r \ Tl,pipe Tl,c Tin
————— . . * |t
Liquid Transort Line . Coolant In
]
9
Evaporator Condenser . #
|§ [ ]
® Qout
Q ¢
in k\ \ Vapor Transport Line ° Coolart  Out
% E I - [
Tv,e TVvPipe T Tout

v,C

Fig. 1 Schematic of PP wick Loop heat pipe with thermocouple locations
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where liquid ratio in the

reservoir

¢ = fluid charge ratio,
V: = volume of the reservoir
V, = volume of the liquid transport line

V, = volume of the vapor transport line

V. = volume of the condenser

Vw = volume of the wick pore

Vg = volume of vapor passage in the evaporator
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Fig. 2 Steady state temperature distribution of

methanol-0.5 /m LHP for¢ =0.5, Ti» = 20°C)
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Fig. 5 Vapor temperature variation of the 0.5um
LHPs for different heat sink temperatures.
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