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CFD Simulation of Airflow and Heat Transfer in the Cold Container

H. S. Yun J. K, Kwon H. Jeong

H. D. Lee Y. K Kim N.K Yun

Abstract

To prevent deterioration of agricultural products during cold transportation, optimized temperature control is essential.
Because the control of temperature and thermal uniformity of transported products are mainly governed by cooling air flow

pattern in the transportation equipment, the accurate understanding and removal of appearance of stagnant air zone by poor

ventilation is key to design of optimized cooling environment. The objectives of this study were to develop simulation

model to predict the airflow and heat transfer phenomena in the cold container and to evaluate the effect of fan blowing

velocity on the temperature level and uniformity of products using the CFD approach. Comparison of CFD prediction with
PIV measurement showed that RSM turbulent model reveals the more reasonable results than standard k— & model. The
increment of fan blowing velocity improved the temperature uniformity of product and reduced almost linearly the averaged

temperature of product.
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Fig. 1 Schematics of the computational geometry and boundary
conditions.
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Table 1 Boundary conditions and physical properties

Properties Value
Inlet  temperature (C) 49C
velocity (m/s) variable
turbulent intensity 0.1
hydraulic diameter (m) 0.3
Peach effective diameter (m) 0.1
specific heat (J’kg K) 3,900
thermal conductivity (W/m K) 0.58
density (kg/m®) 608.7
tespiration_heat (W/m’) 9.13
Porous media
heat source (W/m’) 5.48
porosity 0.4
Infiltration heat flux (W/m’)
side wall 8.8
roof 8.8
floor 8.4
north wall 9.2
south wall 0
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Fig. 2 Experimental setup for PIV measurement.
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Fig. 3 Comparisons between experimental and numerical velocity vector profiles at symmetric x-y plane of container model.
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Fig. 4 Comparisons between experimental and numerical velocity vector profiles at symmetric x-y plane of container model.
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