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Abstract—To maintain the quality of perishable products, it is
essential to store and transport them at low temperatures.
Typically, chilled and frozen products are kept between -18 to 15
°C. This work aims to maintain low temperatures in the
refrigerated space for a long-time duration, during power failure.
There is continuous heat gain from the surroundings through
insulated walls due to temperature differences. An experimental
setup was fabricated using a conventional refrigeration system
(Vapor Compression Refrigeration) and a layer of PCM inside
the refrigerated space. In this research, results are obtained
experimentally by providing a PCM-filled cavity around the
refrigerated space. There is continuous heat gain from the
outside environment through insulated walls due to temperature
differences. Additionally, intermittent door openings can
introduce warm and humid air into the refrigerated storage
space, leading to additional heat gain. The mixture of ethylene
and water is used as PCM. During experimentation percentage of
the Ethylene glycol in the Ethylene glycol-water mixture is
varied. It is observed that a 40% ethylene glycol and 60% water
mixture showed the best results as enhancement of the duration
for the low temperature inside the cooling space by 325 min.
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l. INTRODUCTION

TES can be a viable solution to fulfill the demand for energy
in the refrigeration sector [1, 2]. It is a passive way of
refrigeration. Heat energy can be stored in a material and can
be used whenever a power failure occurs. TES is possible by
three methods: sensible, latent, and chemical heat storage
methods [3, 6]. In the sensible heat storage method, heat is
stored by rising temperature without transforming the phase of
the material. The sensible heat accumulated by a material is
given as follows:-

QSensibIe:f,;l2 Cp. dT

PCMs are widely employed for TES because they
possess high energy density, which makes them advantageous
for TES in systems [16]. The PCM must have a phase
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transition temperature within the storage temperature range
[5]. For the given temperature rise (AT=T2-T1) heat
accumulated in a PCM is computed as follows:-

_ rTpc T2
Quatent =[;; Cp,s.dT+AHpc+ [ Cp,1.dT

In the Chemical heat storage method, heat is
accumulated by a reversible thermo-chemical reaction. It can
be represented as:-

X+HEAT Y +Z

In the first phase, the charging phase, due to heat
absorption (Endothermic reaction) chemical X is transformed
into two new chemicals Y and Z. Simultaneously these two
obtained chemicals are kept in two separate vessels. In the
second phase, the discharging phase, chemical Y reacts with
chemical Z to transform back into the initial chemical X while
librating the storage heat (Exothermic reaction).

The appreciable values of heat storage density and
power capacity during the charging and discharging phase are
the vital characteristics of any storage system, which results in
the superiority of the Latent Heat energy storage method
compared to the Sensible Heat Storage method [7, 8].
Although the Chemical Heat storage method provides the
highest energy storage density, it is still at an early stage in
terms of research and development. In Latent Heat Storage,
PCM is used, which is a substance with a high latent heat of
fusion. By melting and solidifying at a certain temperature,
PCM is capable of storing and liberating huge amounts of heat
energy [10, 11]. Latent heat storage in PCMs can be attained
through solid-liquid, solid-vapor, and liquid-vapor phase
transitions [13]. However, solid-liquid phase transition is
primarily used for PCMs, as liquid-vapor phase transition is
not feasible due to the huge volume or high-pressure
requirement for material storage in their vapor phase [9, 14].
PCM is preferred for its chemical stability, low cost, non-
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toxicity, non-corrosiveness, large latent heat per unit mass,
non-flammability, and non-explosiveness [4, 12]. In our
experiments, water (H20) and ethylene glycol mixture is used
as the PCM, which possesses most of these desirable
properties.

I1.LEXPERIMENTAL SET-UP

In this experimental setup, the main components are a cold
chamber operating on the Vapor Compression Refrigeration
(VCR) System and a Data Acquisition System (DAS). A
cavity surrounds the storage space, which can be filled with
PCM. This cavity is covered by polyurethane foam (PUF)
insulation on the outer side. The evaporative coil is located
inside the PCM cavity and is coiled around the chamber for
stored items, as shown in Figure 1.
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The effects of TES were evaluated in terms of holding time

and additional energy consumption. Holding time is defined as

the time taken by the stored item to reach a temperature at Cabinet
which the deterioration of its quality is assumed to begin [15].
An Arduino-based Data Acquisition System (DAS) was used
to measure and record the atmospheric and chamber
temperatures. Cavity for PCM
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Fig.2 Data Acquisition System
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1. RESULTS AND DISCUSSIONS

A. Experiment without PCM

In this experiment, the cavity was not filled with any PCM,
and only air was present in the cavity. The temperature of the
chamber was reduced to -10 °C, and then the refrigerator was
turned off. The refrigerator consumed 2.13 kWh of electricity.
The time was then recorded until the chamber temperature
rose to 0 °C. The holding time of the water stored in the
chamber was recorded as 385 minutes. The variation in
atmospheric and chamber temperatures over time is presented
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A. Experimentation Using Water as PCM

In this experiment, the cavity was filled with PCM. Similar
to the previous experiment, the temperature of the chamber
wasreduced to -10 °C, and then the refrigerator was turned off.
The refrigerator consumed 4.98 kWh of electricity. The time
was recorded until the chamber temperature rose to 0 °C. The
holding time of the water stored in the chamber was recorded
as 710 minutes. The variation in atmospheric and chamber
temperatures over time is presented in Table 2 and Fig. 2.

in Table 1 and Fig. 2.
Sr.No. Tirr_1e Chamber Atmospheric
(Min.) | Temp. (°C) Temp. (°C)
—— Chamber Temp. (°C)
- —— Atmospheric Temp. (°C) 1 0 -10.6 28.4
30 — 2 30 -10.6 28.3
— 25 3 60 -10.3 28.6
2 4 90 -10.1 29.1
5 10 5 120 9.7 205
B s 6 150 -9.4 29.8
" _(5) 0 100 200 300 400 500 ! 180 9.2 29.7
10 8 210 -8.9 29.8
-15 9 240 -8.5 30.2
10 270 -8.1 30.5
Fig. 2. Holding Time Without PCM 11 300 78 30.9
Table No.1. Holding Time Without PCM 12 330 -7.2 31.3
Sr. Chamber Atmospheric 13 360 6.7 817
No. | Time (Min) | Temp. (°C) Temp. (°C) 14 390 -5.9 318
T 5 =T 02 15 420 -5.3 31.7
5 30 o7 302 16 450 -4.5 32.1
17 480 -3.6 32.4
3 %0 89 298 18 510 -2.3 32.6
4 %0 86 297 19 | s40 15 32.9
5 120 8.6 29.6 20 570 11 33.2
6 150 -3.7 29.1 21 600 -0.9 33.6
7 180 -1.6 29.1 22 630 -0.6 33.9
8 210 -16 29 23 660 -0.4 34.1
9 240 -1.4 29 24 690 -0.1 34.3
10 270 -0.7 28.9 25 710 0.5 34.8
11 300 -0.6 28.6
12 330 -0.6 28.4
13 360 -0.7 28.1
14 385 0.1 27.6
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Fig. 2. Holding Time Without PCM

V. CONCLUSION

Based on the recorded data, it can be concluded that the

PCM improves the holding time, our primary concern, from
385 minutes to 710 minutes. This increase in holding time will
help preserve the quality of the stored product for a longer
period. Additionally, since the cavity is filled with PCM, the
cooling capacity also increases, leading to higher electricity
consumption, which increases from 2.13 kWh to 4.98 kWh.
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