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Abstract — This study is about the modeling and simulation of heat transfer in the box for packaging and shipping of
vaccines. Comparison of the simulation results with experimental data revealed that a one-dimensional model (a spher-
ical model of using a radius equivalent to the rectangular geometry of box) showed good agreement with experimental
data during cooling process but did not successfully simulate heating process. It is considered that a rigorous boundary
condition is not properly applied for outer surface of the box. However, we could successfully develop a basic algorithm
for simulating heat transfer through multi-slabs combined with different materials including phase change material.
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Fig. 1. Model packaging box for modeling and simulation.
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Fig. 2. Relationship between energy and temperature. (a) Pure substance, (b) Mixture
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Fig. 4. One-dimensional model for heat transfer simulation.
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Table 1. Physical properties for simulation

Physical Properties Inner Space Foam Ice Water PCM
Density, p [g/m’] 154,500 30,000 917,000 998,000 958,000
Heat Capacity, C,, [J/g - K] 1.492 1.210 2.100 4.184 837.500
Heat Conductivity, k [J/m - K - sec] 0.113 0.035 2.100 0.600 1.350
Thermal Diffusivity, o [m*/sec] 4.92x107 9.64x10° 1.09x10° 1.44x10°¢ 1.68x107°

Table 2. Box geometry

Dimensionless Radius

Box Volume Equivalent Radius (/)
4
0.0359 1, =0.205 1, =0.589
0.0549 r,=0.236 1, =0.679
0.0852 r;=0.273 1; =0.786
0.1756 1, =0.347 1, = 1.000
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Fig. 5. Temperature change with respect to positions (Lines from top
to bottom: time=0.35, 1.39, 3.13, 5.56, 8.70, 12.52, 17.04,
22.26, 28.17, 34.78 hr).
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Table 3. Experimental design for comparing simulation results with experimental data

Outside Exp. Outer Box Inner Box Ice Pack 1 Ice Pack 2
];:\Tf- Temp., Time, Thickness, Thickness, (Weight: 1500 g, Thickness: 25 mm)  (Weight: 750 g, Thickness: 15 mm)
' °C hr mm mm Frozen/Non-Frozen Frozen/Non-Frozen

1 5 24 60 25 4(Side)/1(Top) 0/5(Sided, Topl)
2 5 24 60 25 4(Side)/1(Top) 0/4 (Sided)

3 5 24 60 25 5(Side)/0 0/5 (Side4, Topl)
4 35 48 60 25 4(Side)/1(Top) 0/5 (Side4, Topl)
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