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Fig. 2 The actual cuboid temperature control box into
a cylinder model diagram
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Table 1 Insulation cup size

JELRE /mm I/ (gm™) y/mm y,/mm H/mm
20 1.30 60 70 112
25 1.30 60 80 112
30 1.30 60 90 112
40 1.30 60 110 112
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Fig. 5 PLA thermos cups tested in a constant

temperature and humidity chamber
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Fig. 6 The distribution of test points
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Table 2 The temperature rise rate of the geometric center of the insulation cup with different thickness

VIUEIRE /°C ARIEE] /min TR FFEEE / (°C * min™) T Tk
R fmm 2 ® o @ o o 2 ® B/ (T min™)
20 -15.0 -14.8 -13.2 98 96 92 0.1530 0.1541 0.1434 0.1502
25 -145  -152 -137 98 101 95 01479 0.1504  0.1442 0.1475
30 -15.1 -14.3 -13.4 106 102 98 0.1424 0.1401 0.1367 0.1397
40 -14.9 -12.6 -13.8 108 98 102 0.1379 0.1298 0.1352 0.1339
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Fig. 7 Relationship between temperature rise speed and
thickness ratio of test point in the geometry

center of insulating cup
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Fig. 8 The temperature distribution curves of
test points under 23 °C /50%RH
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Fig. 9 Insulation time at different test points under
temperature and humidity 23 °C /50%RH
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Fig. 11 Temperature and humidity 30 °C /85%RH
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Fig. 12 The temperature distribution curves of test
points under 40 C /90%RH
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Fig. 13 Temperature and humidity 40 °C /90%RH holding

time at three different test points
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Table 3 The holding time of cup with different
thickness at different temperature

min
L JEJE /mm
20 25 30 40
23 °C /50%RH 95.33 98.25 101.65 105.39
30 C /85%RH 70.69 76.64 81.73 96.07
40 °C /90%RH 62.87 67.42 72.54 80.31
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Fig. 14 The picture of three-dimensional model
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Table 4 Verification of surface equation at random

point about the insulation time

IR R PR /min IRXFAE /min PR
25 °C /25 mm 90.87 86.32 -5.2%
25 °C /30 mm 94.78 89.67 -5.6%
32 °C /30 mm 78.75 74.63 -5.5%
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Structural Design and Thermal Insulation Performance of

Ice Cream PLA Insulation Packaging

XIAO Jie

( Art Design College, Guangzhou Panyu Polytechnic, Guangzhou 511483 )

Abstract: In order to keep the ice cream within a reasonable temperature range in the distribution of the “last
mile” , a thermal insulation packaging based on 3D printing technology was developed. The effects of container
wall thickness, external temperature and humidity conditions on the thermal insulation performance were analyzed,
and the 3D surface model and equation of external temperature, thickness and thermal insulation time were also
established, with the verification on three packaging models of different temperature and thickness. The results
showed that 30 mm thickness could meet the requirement of 60 min delivery time for ice cream. With the external
temperature and humidity being 23 °C /50%RH, 30 °C /85%RH, the overall insulation time of the three test points
could be satisfied. At 40°C /90% RH, only the center point could meet the delivery requirement of insulation time. The
error between theoretical and experimental value was within 10%, and the surface equation had certain reference value.

Keywords: ice cream; insulation packaging; insulation time; 3D printing technology
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