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COMPUTATIONAL ANALYSIS OF THERMAL FLOW WITH VARYING
THE DIAMETER AND THE NUMBER OF TUBES IN PULSATING HEAT PIPES

SH. Han,' J.W. Choi”* and S.C. Kim’
"Dept. of Aerospace Engineering, Graduate School, Sunchon National Univ.
*School of Mechanical and Aerospace Engineering, Sunchon National Univ.

In this paper, heat transfer characteristics of pulsating heat pipes are investigated with the diameter and the

number of tubes through the computational analysis of thermal flow. The numerical simulation includes the phase
change precess with VOF model using OpenFOAM software. The numerical code is modified for the phase change
to occur with saturation temperature. The numerical results are compared with the previous ones to validate the
present code. The resonable results have been obtained based on the mass transfer time relaxation parameter
considering the density ratio. When the ratio of length to diameter and the number of tubes are on the decrease,
the thermal resistances also tends to decrease in the pulsating heat pipes. These numerical results will supply the
base line data to design and to manufacture the pulsating heat pipe.
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Fig. 1 Schematic of pulsating heat pipe
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Table 1 Dimensions of pulsating heat pipe
Case Parameter Value
Length/inner diameter(Z/d,) 150
(a) Number of tubes(n) 10
Bend/turn curvature radius(r) 0.00544(m)
Length/inner diameter(Z/d,) 100
(b) Number of tubes(n) 8
Bend/turn curvature radius(r) 0.00696(m )
Length/inner diameter(Z/d,) 375
(c) Number of tubes(n) 4
Bend/turn curvature radius(r) 0.0158(m)
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Table 2 Properties of fluid and solid for calculation

Parameter Property (unit)
p, = 998 (kg/m?)
. = 1.003x10"% (kg/m"s)
Liquid(water) C,, = 4182 (/ke k)
Pr = 6.9909
p, = 0.5542 (kg/m?®)
p, = 1.34107° (kg/m-s)
Vapor(water-vapor) - — -
C,, = 2014 (J/kg k)
Pr =1.034
Solid(copper) k, = 387.6 (W/m-k)
Latent heat H= 2,455,000 (J/kg)
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Table 3 Comparison between numerical and experimental results

Evaporatorl Condensation1,2
E’:‘;:l';‘l't's'fg]tal 3367 K 3067 K
Fluent 3969 K 3623 K
VOF model[6] (Error = 17.9%) | (Error = 18.1%)
Fluent 3312 K 3116 K
Mixture model[6] (Error = -1.63%) | (Error = -1.60%)
OpenFOAM 3325 K 300.7 K
VOF model|present] | (Error = -1.25%) | (Error = -1.96%)
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