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Abstract Although it has recently been regulated for use as an eco-friendly policy in Korea, the use of EPS (Expanded
Polystyrene) cooling boxes, which are used as cold chain delivery insulation boxes for fresh agricultural and livestock
products, is also increasing rapidly as e-commerce logistics such as delivery have increased rapidly due to COVID-19.
Studies were conducted to optimize the EPS cooling container through internal air heat flow of CFD (Computational
Fluid Dynamics) analysis and FEM (Finite Element Method) random vibration analysis using domestic PSD (Power
Spectral Density) profile of the EPS cooling box to which the refrigerant is applied in this study. In the analysis of the
internal air heat flow by the refrigerant in the EPS cooling box, the application of vertical protrusions inside was excellent
in volume heat flow and internal air temperature distribution. In addition, as a result of random vibration analysis, the
internal vertical protrusion gives the rigid effect of the cooling box, so that displacement and stress generation due to
vibration during transport are smaller than that of a general cooling container without protrusion. By utilizing the res-
onance point (frequency) of the EPS cooling box derived by the Model analysis of ANSYS Software, it can be applied
to the insulation and cushion packaging design of the EPS product line, which is widely used as insulation and cushion

materials.
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(@) No inner protrusion Design

(b) Inner Protrusion Design

Fig. 1. EPS cooling box samples for CFD and random vibration
analysis.
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Table 1. Composite PSD profiles for the top 30% of the data recorded (Park et al., 2020)

. Leaf-Spring Truck for the Top 30% of The Data Recorded
Breakpoint No.

Frequency (Hz) | PSD (G*/Hz) dB Oct dB/oct Area Grms

1 1 0.005 - - - - -

2 2 0.03 7.78 1.00 7.78 0.02 0.12

3 3 0.03 0 0.58 0 0.05 0.21

4 7 0.003 —10.00 1.22 —8.18 0.09 0.29

5 13 0.003 0 0.89 0.00 0.10 0.32

6 25 0.0002 —-11.76 0.94 -12.47 0.11 0.34

7 30 0.0002 0 0.26 0 0.12 0.34

8 40 0.0007 5.44 0.42 13.11 0.12 0.35

9 120 0.0007 0 1.58 0 0.18 0.42

10 250 0.0002 —5.44 1.06 -5.14 0.22 0.47
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Fig. 2. Velocity stream distribution in EPS cooling boxes by CFD Analysis.
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Fig. 3. Temperature distribution of the surface
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in EPS cooling boxes by CFD Analysis.
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Fig. 4. Temperature distribution of the center cross section in EPS cooling boxes by CFD Analysis.
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Table 2. Resonance characteristics of EPS cooling boxes by
FEM Modal analysis

Mode No inner protrusion Design | Inner protrusion Design
Frequency (Hz) Frequency (Hz)
1 165.61 161.43
2 192.56 186.21
3 247.44 240.76
4 307.35 301.13
5 360.54 356.39
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Fig. 5. Directional deformation of EPS cooling boxes by FEM random vibtraion Analysis.
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Fig. 6. Equivalent stress of EPS cooling boxes by FEM random vibtraion Analysis.
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