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The Discharge Performance Optimization of a Forced Convection Type PCM
Refrigeration Module Used in a Refrigeration Truck

1 . 1 2 = . 3t
XU LEI, 9<% (Wonuk Kim), o] (Sang-Ryoul Lee)’, 3 €% (Yongchan Kim)
‘e et oehe, () g9 FAATL, aetetu /A3
IDepartment of Mechanical Engineering, Graduate School of Korea University, Seoul 136-713, Republic of Korea
2Iélﬁ‘iliated research center, LEEWOOS Co. Ltd., Gyeonggi-Do 462-721, Republic of Korea
3Department of Mechanical Engineering, Korea University, Seoul 136-713, Republic of Korea

(Received June 17, 2013; revision received October 7, 2013)

Abstract A truck refrigeration system using phase change material (PCM) is expected to have a lower noise level, reduced
energy cost, and much lower local greenhouse gas emission. Recently, a forced convection type PCM refrigeration module
has been developed. As the operation time increases, the PCM around the air inlet melts, because of a large temperature
difference between the PCM and air. Therefore, the latent heat transfer area decreases and the heat transfer rate of the module
decreases even though there is a lot of PCM which does not melt around the air outlet. A computational fluid dynamic
modeling of the PCM refrigeration module was developed and validated by the experiment. Using the CFD, the design
parameters, such as the mass flow rate of the air and roughness of the slab, were investigated to improve the heat transfer
inhomogeneity. As a result, the adoption of partial roughness on the slabs improved the heat transfer inhomogeneity and

reduced a fan power.
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Table 1 Assumed values in the calculation of infiltration

air load

Parameter value
Doorway flow factor 0.8
Door open-close time per passage 6 s
Time door simply stands open 30 s
Daily time period 10 hr
Effectiveness of doorway protective device 0.7
Number of doorway passages 20
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Fig. 1 Schematic of PCM refrigeration module.
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Fig. 4 Air outlet temperature of the experiment and
simulation.
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Fig. 5 Air passage through the cold storage plate.
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Table 2 Results of response surface optimization
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