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Operational Characteristics for
a Miniature Heat Pipe with a V-shaped Groove Wick

Kang Hwan Kook, Kim Chul Ju", Hong Seong Eun®™
Daehong Enterprise Co. R&D Center, SKKU Dept. of Mech. Eng.", Yuhan College™

ARE %28 29 W72 36 mm2 A7 4mm 9 VE IFBEHE 4S5 JUh o] BE

9

Lo
429 B EFo| XA 4 FEHA B I1FBEE JE4Y% £ Y3 IFB AL U,V 5 OF
stk gabgde BA Qo] & olFe] oy AF Gyt o 2FEYL i FAgde]l &olshy
A 7tF 71gol &7 9tk AR FUdN e =ES PCe CPU ¥Ztd AH43 23 JSE
olio] HH‘E oA Folstm Utk B dAFNAE A% 7T mm UY 2FH TL Adsto @
.3
o] 4% B EdolZE At dHY HF APE FYA. €HE AT 40~60C HH
FELE HAZ 00 A 3 WE 98 § ok U8 188 sEdolZo] ustd mA¢ At
2 A3t @& g deUY E-gE 2% 07~13 T/W 2 U8 0389 FA84
NEAdg

A : cross sectional area, m® F : friction coefficient, (N/m?)/(W-m)

f : drag coefficient g : gravitational acceleration, m/ X

hy  latent heat, J/kg K : wick permeability, m?

k, : effective conductivity, W/mK k, : pipe conductivity, W/mK

L : length, m P, ' maximum capillary pressure, N/m?

P,, ' maximum effective pumping pressure, Q : heat transfer rate, W

N/m?
& ¢ max  capillary limit on heat transport (QL) . max ° maximum heat transport factor,
rate, W W-m
Re : Reynolds number 7 : radius, m
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7, ° groove hydraulic radius, m T ' temperature, K(or C)
¢ : groove thickness, m Upyp © heat transfer coefficient of heat pipe,

w : groove thickness, m W/m’K

a ' groove angle, deg é : groove depth, m

u#  viscosity, kg/m-s o : density, kg/m®

¢ : surface tension, N/m ¢ : tilt angle from horizontal position, deg
CEE!

. . ¢  condenser
a ! adiabatic

e ! evaporator 1 : liquid
0 ! outer f : groove fin
p,e ' evaporator of heat pipe p : pipe
t : total p.c : condenser of heat pipe
w . wick v | vapour
w,e . wick of evaporator w,c . wick of condenser
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Photo. 1 Microscopic structures of grooved pipes.
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® @

@ heat pipe

@ heating coil

@ cooling fin

@ cooling fan

® data acquisition unit

® computer

@ stand

digital power supply
A ampere meter
V :© volt meter

Fig. 1 Schematic diagram of experimental apparatus.

Table 1 Specifications of 2 heat pipes

Shapes of grooves Rectangular Triangular
Internal surface of tube
Groove thickness [mm] 0.12 0.11
Groove fin thickness [mm] 014 0.17 (fin base)
Groove depth [mm] 0.16 0.15
Container dimension
Quter diameter [mm] 30 4.0
Inner diameter [mm] 2.24 3.36
Length of evaporator [mm] 50 110
Length of adiabatic {mm] 130 20
Length of condenser [mm] 110 110
Container material Copper
Working fluid Water
Mass of charged liquid [g] Unknown 0.3
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Fig. 2 Shape parameters of the grooves.
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Fig. 3 Wall temperature distributions in axial direction for 2 heat pipes.
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Fig. 4 Comparison of maximum heat transport rates between experimental data and Chi's
correlation.
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Fig. 5 Thermal resistance versus heat transport rate for 2 heat pipes.
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