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An Experimental Study on the Energy Consumption Reduction Effect
of Thermal Storage Defrosting in Cold Storage within the Packaged
Food Distribution Chain

Hyung-Yong Ji'* and Chun-Wan Park’

Research Institute of Sustainable Development Technology, Korea Institute of Industrial Technology
’Department of Agricultural Engineering, National Institute of Agricultural Sciences

Abstract In the food industry, maintaining appropriate temperatures through cold packaging and storage technologies
is crucial for preserving food freshness and preventing quality degradation. Cold storage systems with fin-tube heat
exchangers are commonly used as evaporators to cool air. But, under low-temperature and high-humidity conditions, con-
densation rapidly forms on the evaporator surface, leading to frost accumulation on the fins and tubes. This reduces heat
exchanger performance and increases energy consumption. In this study, a thermal storage defrost (TSD) system was
applied to cold storage, to analyze the reduction in energy consumption and the effectiveness of stable operation. The
TSD system was fabricated using organic phase change material in a latent heat storage tank and installed in a cold stor-
age unit. The freezing and defrosting operations were carried out. A comparative experiment was conducted under iden-
tical humidity and outdoor temperature conditions for cold storage units equipped with TSD and electric heater defrost
(EHD) systems. The results showed that the TSD system significantly reduced defrost energy consumption compared to
the EHD system, confirming its efficiency in reducing energy use while maintaining adequate cold storage conditions.
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Fig. 1 Schematics of the TSD and EHD cold storage chamber, and the sensor type and measurement position for pressure(P), tem-
perature(T), and consumption power(W), in the environment test chamber.
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Table 1. Specification of the fin-tube evaporator for EHD and TSD
Item
Material aluminum
Fin Type plate
Thickness/Pitch (mm 0.2/6
Material copper
Tube D/t (mm) ©9.52/0.7
Row/Column/Pass 16/4/2
Heater Type sheath
(EHD system) Output (kW) 0.8*2ea, 0.9%lea
D/t (mm) ©9.52/0.7
Row 16
Defrost coil NMPY (°C) 30
(TSD system) |PCM | Filling (kg) 4.5
Latent heat (kJ), 757
Working fluid Ethylene glycol 50wt%

1) NMP: normal melting point
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Fig. 2 Photo-graphics of experimental device for the defrost cycle test of cold storage: (a) Environment chamber, (b) TSD cold storage,
(c) EHD cold storage, (d) TSD evaporator, (¢) TSD condensing unit, and (f) EHD condensing unit.



206 RI$ig - uppier B st K|
Table 2. Specifications of measurement sensors
Type NI-DAQ error Sensor error Measurement error
+1% +0.1%
Voltage . (ES 500V) (E.S 500V) LV
+1% +0.1%
Current - (F.S 5A) (FS 5A) 0.05 A
+1.5°C
Temp. K-type 0.02°C 0.006°C
P op (F.S -40~1000°C)
- . +1% +3% o

Humidity Capacitance-type (FS 100%) (F.S 0~100%) 0.4 RH%

+1% +0.5%

Pressure - (F.S 35bar) (F.S 1~35bar) 0.03 bar

+1% +1%

Flow rate Paddle type (F.S 20LPM) (F.S 0~20LPM) 0.02 LPM
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W3 i AZE 3 LR bsd 220 7kl wet Svkke S0 A9 ARE S8l A 93
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Fig. 4. Temperature curves of operating cycle: (a) EHD and (b) TSD, (T _comp_out: Compressor outlet temperature., T _comp_in: Com-
pressor inlet temperature, T cond out: Condenser outlet temperature, T exp_out: Expansion valve outlet temperature, Pressure H/L:
high/low pressure).
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Table 3 Summary of EHD and TSD cold storage operation results

et

Operation time | Inside temp. Energy consumption [kWh]
Type RH Mode o - -
[hr] [°C] (Avg.) [|Refrigeration system| Defrost heater Total
%0 Lc.h 1.14 - 223 - 2.23
2)
EHD R.C. 120.00 0.52 64.88 14.88 79.76
20 I.C. 1.00 - 1.92 - 1.92
R.C. 120.00 0.63 43.67 13.89 57.56
90 I.C. 0.86 - 1.84 - 1.84
R.C. 120.00 0.67 56.22 0.58 56.80
TSD
20 I.C. 0.45 - 0.67 - 0.67
R.C. 120.00 0.62 35.06 0.11 35.17
1) L.C.: Initial cooling, 2)R.C.: Re-cooling
Table 4 Summary of defrost performances depending on the EHD and TSD
o Defrost operation Defrost crerey Defrost Temp.[°C] | Defrost Temp.[°C] Measured
Type RH% . consumption o
times per cycle [KWh] (Avg.) (Max.) Temp.[°C] (Max.)
90 27 0.55 2.3 9.2 14.9
EHD
70 27 0.51 3.1 9.3 16.5
90 15 0.04 3.4 9.3 11.7
TSD
70 7 0.016 2.8 4.4 5.6
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