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Abstract: Heat pipe heat exchangers (HPHX) utilize heat pipes to efficiently transfer heat, making them widely used in
various industrial applications. In this study, computational analysis was conducted to enhance the performance of HPHX
by incorporating fins, which typically requires many grids, increasing analysis costs and potentially reducing accuracy.
A porous media model was applied to the fin area outside the heat pipe to perform a comprehensive system-level analysis.
The results were compared with different thermal transfer models (equilibrium and non-equilibrium models). This
analysis explored the impact of porous media model types on thermal performance and efficiency in HPHX, and evaluated
how changes in operating conditions affect heat exchange performance. The findings suggest that computational analysis
using porous media models can contribute to improving the accuracy of predictions for thermal and flow performance in
HPHX.
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(a)

-

Condenser 50 mm

~

Evaporator 60 mm

(b)

H,=6.24 mm

t;= 0.5 mm

S;=2.5mm

Fig. 1 Configuration of a small heat pipe heat exchanger:
(a) geometric depiction of the HPHX model; (b)
partial fin configuration
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Fig. 2 A unit cell model for (a) calculating coefficient of
resistance; (b) determining heat transfer
coefficients in a porous media model; (c) fluid
flow in fins
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(a) Table 1 Thermophysical properties of air
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(b)

A

Fig. 3 (a) Mesh independence result on heat transfer rate;
(b) image for mesh

A2 SIMPLE(semi-implicit method for pressure-linked

equation) <118 ES %231}
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Table 2 Operating conditions in simulations

Mhot Meold Thotin Teold.in
Case | ksl | [kesl | [Cl | [°C]
0.03 0.04 50 24
1 0.04 0.04 50 24
0.05 0.04 50 24
0.03 0.04 75 24
2 0.04 0.04 75 24
0.05 0.04 75 24
0.03 0.04 100 24
3 0.04 0.04 100 24
0.05 0.04 100 24
A 0.03 0.04 125 24
0.04 0.04 125 24
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Table 3 Resistance coefficient in porous media model

Viscous Inertial
resistance resistance
coefficient coefficient

Circumferential 7.5 x 107 43
Radial 1 x108 59
Axial 4.2 %108 597

3.2 Non-equilibrium model2 O| &%} porous media

modeling
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Table 4 Heat transfer coefficient for air and water

Inlet-velocity Heat transfer Inlet-velocity Heat transfer
[m/s] coefficient [W/m?K] [m/s] coefficient [W/m?K]
7 523 7 347
Hot air 10 565 Cold air 10 497
17 1,046 17 994
(a)g e (b)g = (a) 1400
i £ | 8 e
g: g t g 1000F [ ® cased .' &
sl [ [ ol B ke
Hot air mass flow rate [kg/s] Hot ai mass flow rate [k°g°j';] _8 °
(C)% (d)% TE= % 600 [ p
? S " 400 *®
% % 50l 20%00‘ - ‘4(:)0‘ - .SE)OI - .8(;0I - .10‘0('; - .12‘0[; - ‘1;00
Q" EERE BN : = AP-hot, 1ye [Pa]
Hot air mass flow rate [kg/s] Hot air mass flow rate [kg/s]
Fig. 4 Comparison of heat transfer rate between LTNE (b) 14002 """""""""""""""
and LTE: (a) case 1; (b) case 2; (c) case 3; (d) case 4 | 8 coeet
T ok | o Gl
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Fig. 5 Comparison between the LTNE and LTE (a)
Q =rc, AT = hAAT ®) evaporator side; (b) condenser side pressure drops
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Fig. 6 Comparison of temperature contours between the
LTNE and LTE at [hot air = 0.03 kg/s, Thotin =
50.5°C, cold air = 0.04 kg/s, Teold.in= 24.1 °C]
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