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ABSTRACT

This study investigates the heat transfer characteristics of a latent heat storage module equipped with circular-finned tubes
to enhance thermal energy storage performance. The module incorporates circular fins to effectively increase heat transfer area,
thereby enhancing the heat exchange efficiency between the heat transfer fluid (HTF) and phase change material (PCM). For
this research, Barium Hydroxide Octahydrate (BHO), an inorganic PCM with a phase change temperature of approximately
78°C, was selected for its suitable thermal properties. To assess the module’s performance comprehensively, we constructed a
dedicated experimental apparatus that enabled quantitative analysis of both heat charging and discharging characteristics under
controlled conditions. The experimental results showed an average heat discharge of 1.027 kWh and thermal utilization
efficiency of 79.25%. The overall heat transfer coefficient varied significantly with PCM phase states, showing the highest
values in liquid state (0.257~0.863 kW/m? « K), followed by latent phase (0.025~0.072 kW/m? - K), and solid state (0.015~
0.044 kW/m’® - K). The outside heat transfer coefficient was calculated as 0.033~0.162 kW/m® - K in the latent phase and
0.018~0.064 kW/m® - K in the solid phase. Statistical analysis revealed that HTF flow rate significantly influences the overall
heat transfer coefficient across all PCM states, while the effect of HTF inlet temperature was found to be minimal. Through
this study, essential heat transfer data required for latent heat thermal storage module design were obtained, and it is determined

that the design of latent heat thermal storage modules should consider the phase-dependent heat transfer characteristics of PCM.
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Table 1 Specifications of latent heat thermal storage module

Item Specification
Tube material SUS304  [-]
Fin material SUS316  [-]
Outer diameter, D, 43.6 [mm]
Inner diameter, D), 44.0 [mm]
Tube thickness, d,,,, 23 [mm]
Tube side Tube length, Z, ;. 1,450 [mm]
Number of tubes, V,,,. 1 [ea]
Fin height, v, 20.0 [mm]
Fin pitch, p, 8.46 [mm]
Number of fins, V,, 165 [-]
Heat transfer area, A, 02214  [m?]
Shell diameter, D, 101.6 [mm]
Shell side External volume, V, , 0.0118  [m’]
Effective internal volume, V,,, 0.0076  [m’]
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(a) Design drawing including a cross-sectional view and dimensions

(b) Photograph of the manufactured module

Fig. 1 Latent heat thermal storage module: PCM injected mass 13.17 kg
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Table 4 Heat transfer rate and overall heat transfer coefficient during discharge process

. Uo.lzquzd Uo‘mmn Uo.solxd
No Mare Tarrs St 511 Liquid Latent Solid
L/min T kWh % KkW/m*-K kW/m*-K KW/m*-K

1 10 20 0.966 74.54 0.285 0.034 0.027

2 10 30 0.925 71.37 0.257 0.025 0.017

3 10 40 1.023 78.90 0320 0.027 0.015

4 10 50 0.686 52.93 0.409 0.031 0.019

5 15 20 0.999 77.08 0395 0.030 0.018

6 15 30 0.983 75.85 0.693 0.065 0.032

7 15 40 1.166 89.97 0.763 0.067 0.033

8 15 50 0.872 67.26 0.603 0.060 0.037

9 20 20 0.992 76.52 0.863 0.063 0.038

10 20 30 1.095 84.47 0.795 0.072 0.034
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12 20 50 0.909 70.12 0.675 0.070 0.040

13 25 20 1.087 83.87 0.670 0.062 0.044

14 25 30 1.079 83.26 0.808 0.066 0.037

15 25 40 1.006 77.59 0.489 0.057 0.044

16 25 50 0971 74.92 0.803 0.067 0.041
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