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Abstract: Shrink film is currently being used for plastic container lavels to avoid the use of glue. Polyethylene tere-
phthalate (PET) bottle lavels also use shrink films in the same PET materials for easy recycling of PET bottles. An air layer
is generated between the shrink film and PET bottle surface due to the bent shape of the bottle surface. This air layer can
insulate external heat, as air has a relatively lower thermal conductivity. In this study, the insulation property of the air layer
was examined by computer simulation. Two PET bottle models were used, one with and the other without an air layer
between the PET bottle surface and lavel. The two bottle models were filled with cold liquid and exposed to room tem-
perature for 6 h, and the temperatures of the contents were then compared. The results showed that the temperature of the
contents in the bottle with the air layer was lower than that without the air layer by at least 2°C. This study suggests an
effective lavel design of PET bottles while ensuring that the temperature of the bottle contents is maintained.
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Figure 1. Air gap between bottle surface at shrink film in PET
Bottle.
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Figure 2. Beverage package model without air gap between
bottle surface and shrink film.
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2. Materials
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3. Simulation Method
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Table 1. Material Property of Content, Bottle, Film and Gap

: . Part Material DeHSigy co?(;irsgjity Specific Heat
Content Bg.t:tale Air 5gap glgr:l (kg/m®) (W/mm°C) (J/kg°C)
10 Detail (B) Content Water 997.4 604 4179
(Unit: mm) Bottle PET 1370 240 1000
0 Film PET 1370 240 1000
Figure 3. Beverage package model with air gap between bottle Gap Air 11614 2% 1007

surface and shrink film.
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Figure 4. Boundary conditions for simulation.
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Figure 5. Mesh for the simulating general beverage package
model.
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Figure 6. Mesh for the simulating cold reserving beverage
package model.
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Results and Discussion

1. Temperature Distribution
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Temperature
Distribution
Results
Temperature ('C ) 1h 2h 3h 4n 5h 6h
Lowest point 5.455 7.664 9.800 11771 13.536 15.088
Upper center point 10.773 13,673 15,625 17.103 18.286 19,262
Lower center point 8,955 11,716 13.786 15.441 16.808 17.959

Figure 7. Temperature distribution according to the time for the
general beverage package model.
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Temperature
Distribution
Results
5h 6h

Temperature (C) | 1h 2n 3n an

Lowest point 5,057 6.614 8.287 9,952 11,527 12,975
Upper center point | 10.771 13.580 15.417 16.769 17.842 18.728
Lower center point 8.881 11.361 13,164 14,599 15,799 16,833

Figure 8. Temperature distribution according to the time for the
cold reserving beverage package model.
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Figure 9. Comparison of the lowest temperatures according to
the time between general beverage package model and cold
reserving beverage package model.
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Figure 10. Temperature distribution after 6 hours for the general
beverage package model.
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Figure 11. Temperature distribution after 6 hours for the cold
reserving beverage package model.
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2. Temperature Distribution after 6 Hours
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Conclusions
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