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Abstract

Over the past four years, as the COVID-19 pandemic has struck the world, cold chain of COVID-19 vaccination has become a
hot topic. In order to overcome the pandemic situation, it is necessary to establish a cold chain that maintains a low-temperature
environment below approximately 203K (-70°C), which is the appropriate storage temperature for vaccines, from vaccine suppliers
to local hospitals. Usually, cryocoolers are used to maintain low temperatures, but it is difficult for small-scale local distribution to
have cryocooler due to budget and power supply issues. Accordingly, in this paper, a cryogenic TSU (Thermal storage unit) system
for vaccination cold chain is designed that can maintain low temperatures below -70°C for a long time without using a cryocooler.
The performance of the TSU system according to the energy storage material for using as TSU is experimentally evaluated. In the
experiments, four types of cold storage materials were used: 20% DMSO aqueous solution, 30% DMSO aqueous solution, paraffin
wax, and tofu. Prior to the experiment, the specific heat of the cold storage materials at low temperature were measured. Through
this, the thermal diffusivity of the materials was calculated, and paraffin wax had the lowest value. As a result of the TSU system's
low-temperature maintenance test, paraffin wax showed the best low-temperature maintenance performance. And it recorded a
low-temperature maintenance time that was about 24% longer than other materials. As a result of analyzing the temperature trend
by location within the TSU system, it was observed that heat intrusion from the outside was not well transmitted to the low
temperature area due to the low thermal conductivity of paraffin wax. Therefore, in the TSU system for vaccine storage, it was
experimentally verified that the lower the thermal diffusivity of the cold storage material, the better low temperature maintenance

performance.
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Fig. 1. Specific Heat at Low Temperature of TSU Material

Candidates by Temperature Measured by DSC 214 Polyma.
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TABLE. 1
THERMAL PROPERTIES OF TSU MATERIAL CANDIDATES FOR
EXPERIMENTS.

Thermal Specific Densi Thermal
conductivity heat Ik /m?]’ diffusivity
[W/m-K] [3/g-K] g [10 m?/s]
DMSO
20% 151 1.99 1020 7.44
DMSO
20% 0.98 1.89 1030 5.03
Paraffin 0.27 1.10 900 2.73
wax
Tofu 0.33 0.92 1100 3.26
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Fig. 2. Schematic Diagram of TSU System for Experiments.
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Fig. 3. Experimental Apparatus of Thermal Storage Unit.
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TABLE 2
EXPERIMENTAL DATA OF CRYOGENIC HOLDING TIME (HOURS).

20% 30% Paraffin

DMSO DMSO wax Tofu

1t 8.815 9.969 11.913 9.252
2nd 8.836 9.529 11.681 9.075
3rd 8.772 10.375 11.841 9.539
Average 8.808 9.958 11.812 9.289
STDEV ~ 0.033 0.423 0.119 0.234
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