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Abstract

Electricity generated from diverse energy sources is being
studied closely by scientists to reduce its consumption rates in the
systems that utilize it. Home refrigerators are one of the products
that should be looked into to see if they can be made to consume
less electricity. Phase Change Materials (PCMs) are an example of
a solution that can store energy in a household refrigerator, lower-
ing electricity use. PCMs are being utilized to improve the effi-
ciency of household refrigerators. PCM materials absorb a signifi-
cant amount of heat energy when they transition from liquid to
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solid and release it when they solidify. According to the previous
study, using PCMs in household refrigerators resulted in a 72 per-
cent increase in refrigerator performance and a 30 percent reduc-
tion in energy use. The present paper sheds light on the published
research on the use of the PCMs to improve the performance of
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claims in published maps and in-
stitutional affiliations.

the home refrigerator and thus reduce electricity consumption.
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1. Introduction

Refrigeration systems are used in household appliances, including refrigerators in homes, in-
dustrial freezers, and air conditioning. A compressor consumes the most energy. (Pirvaram et al.,
2019) Domestic refrigerators are the most used household appliances. These appliances consume
more residential electricity throughout the year. The primary issue is to enhance the energy effi-
ciency of the domestic refrigerator. We can overcome this issue by improving the coefficient of per-
formance(COP) of a domestic refrigeration system. (Prashanth et al., 2019) Improving the efficiency
of household refrigerators, which includes compressor refrigerators broadly, thermal load, ambient
temperature, and the refrigerant used. (Karthikeyan et al., 2020), has a substantial impact on rating
power consumption. The refrigeration cycle can be enhanced by using a high-performance com-
pressor that can directly impact the COP of the cooling system or using other advanced thermal
insulation techniques. Much research has been conducted using various approaches to shorten
compressor working time. A few investigations have been done with PCM in the evaporator section
and PCM in the condensing coil. (Karthikeyan et al., 2020; Wagh et al., 2018; Azzouz et al., 2008)
Thermal energy storage in phase change materials is a new field of study that has piqued the curi-
osity of scientists. Energy storage reduces the mismatch between supply and demand, improves
energy systems' performance and reliability, and plays an essential role in conserving energy.(Geete
et al., 2018) Using Phase change material (PCM) for latent heat storage in household refrigerators
is one of the upcoming technologies in the refrigeration field. Many researchers investigated the
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dynamic model for vapor compression refrigeration systems by using Phase change material as la-
tent heat storage. Thermal inertia globally Phase change with latent heat storage enhances evapo-
rator heat transfer and allows high evaporating temperature. Thus, it increases the energy efficiency
of the system. Energy stored in the PCM is yielded to the refrigerator cell during off-cycle and allows
several hours of continuous operation without a power supply. (Azzouz et al., 2008; Geete et al.,
2018).

These PCM melts and solidifies at a specific temperature. During phase change time, the ma-
terial can store and release large amounts of heat energy. There is no artificial energy associated
with thermal energy storage using PCM. PCM could be an excellent option for enhancing the re-
frigerator's performance by reducing temperature fluctuation inside the evaporator cabinet.
(Geete et al., 2018)

2. Materials and Methods

Phase-change materials (PCMs) can store large amounts of energy in small volumes, resulting
in some of the lowest storage medium costs of any storage notion.

PCM is a type of thermal energy storage that can store and release enormous amounts of
energy. The system relies on the material's phase change to retain and release energy.

Melting, solidifying, and evaporation, for example, all require energy. When a material trans-
forms from solid to liquid or vice versa, heat is absorbed or released. As a result, PCMs may quickly
and predictably change their phase in response to specific energy input and then release that en-
ergy later. As a result, a slight temperature change can store and release energy.

An analytical study of phase-changing material was conducted in a domestic refrigerator con-
denser under the influence of thermal loads using two phase-changing materials (polyethylene
glycol-1000 and polyethylene glycol-600). They have arranged them on the upper side of the con-
denser for maximum temperature and the lower side for the lower temperature. At a freezing
temperature of -5°C, a heat load for food in the upper portion of the refrigerator is packaged with
a chemical makeup comparable to frozen meat. The specifications of the refrigerator used in the
tests were a home refrigerator with a capacity of 285 liters operating with R134a refrigerant.

Experiments were conducted on four cases: one without PCM and no heat load, another with-
out PCM and using convection, a third case using thermal load and one PCM material in the capac-
itor, and a fourth case using thermal load and two PCM materials in the capacitor, with a total heat
load of 10 kg in each case.

The results showed the effect of using the two PCM materials in successive order, as the per-
centage of compressor work during the 24-hour test decreased from 32 .7% to 27.6%. At the same
time, the refrigerator contained one substance of PCM decreased the operating coefficient to
29.6%.

In addition, using two PCM substances in a sequential order improved condenser perfor-
mance. It reduced condensing temperature as the temperature of the bottom side in the conden-
ser decreased from 37.5°C to 36.5°C for one material. When two materials were used, the tem-
perature dropped to 34.5°C, increasing the refrigerator's performance coefficient (COP). The
measurements showed a decrease in energy consumption in the fridge with two PCM materials
from 0.7578 kilowatt-hours per hour to 0.6564 kilowatt-hours per hour. In contrast, the consump-
tion rate decreased equipped with one PCM material to 0.6917 kilowatt-hours. (Pirvaram et al.,
2019)

Experiments were conducted using a 16-foot household refrigerator consisting of a top freezer
and lower heatsink powered by 149 W. It used water as a phase changer. Using PCM by placing
plates on the backside of the evaporator and other plates placed at the bottom of the evaporator
inside the cabin. The experiments were performed in two parts:

The first experiment's purpose was to determine the refrigerator's usual running rate and
compare it to the performance of a refrigerator without PCM.

The second experiment was conducted after placing the PCM inside the refrigerator.
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It took 135 minutes to freeze without the PCM after the first cycle completely, but just 52
minutes with the PCM at the end of the second cycle. (Prashanth et al.,2019)

Four PCM materials (OM32, OM29, OM03, and HS3N) were included to raise the refrigerator's
efficiency.

HS3N in the freezer at -3°C, OMO3 in the refrigerator cabinet as rectangular plates with di-
mensions of (400 mm x 200 mm x 20 mm) that hold 1.1 liters of liquid, and OM32, OM29 in the
condenser as bundles enclosed by aluminum foil at 5°C, with materials of high melting tempera-
ture on the upper side of the condenser and fabric with low melting temperature on the more
downside. The experiments were carried out on a 185-liter household refrigerator using R134a.
Table 1 shows the thermophysical properties of PCM used.

Table 1.Thermophysical properties of PCM (Karthikeyan et al., 2020)

Properties P.C.T(°C) L. heat (KJ/Kg) Densit (Kg/m3) K (W/m.K)
Om32 32 157 876 0.145
Om29 29 194 876 0.172
Om03 5 229 855 0.146

Hs3n -3 247 1060 0.35

The use of PCM in all refrigerator sites reduced the condensing coil's maximum temperature
from 43.8°Cto 39°Cin the lower portion and from 46°C to 40°C in the top section. The temperature
in the refrigerator area dropped from 4.4°C to 3.9°C, while the temperature in the freezer part
dropped from -18.6°C to -18.3°C.

Therefore, it can be concluded that refrigerator temperature fluctuations can be effectively
reduced by using PCM arrangements in all locations, such as refrigerator, freezer, and condensing
coil. Low-temperature fluctuation helps maintain food quality and reduces energy consumption.
(Karthikeyan et al., 2020)

Wagh et al (2018) studied and tested the cooling system using eutectic phase change mate-
rials with a melting point from 0 to -5°C for three-phase changing materials on the COP of the
system. The properties of materials are shown in table 2.

Table 2. Thermophysical properties of PCM. (Wagh et al., 2018)

PCM Percentage by weight Melting point (°C) Latent heat (kJ/kg)

KNO3 9.7 -2.8 296
Na2So4 12.7 -3.6 285

NaCl 8 5 289

The tests were performed on a refrigerator with a 0.3TR sealed compressor, R134a refrigerant,
and a casing-type evaporator and coil inside an exterior container. The PCM materials are inserted
between the inner and outer receptacles in the gap between them.

The inner container diameter was 150 mm, and the outer container diameter was 20 cm, in
which glass wool is used for insulation.

The results of the experiments on the coefficient of performance were as shown in figure (1).
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Figure 1. Compression of COP with and without PCM(Wagh et al., 2018)

The findings also revealed that using the PCM results in a long time to turn off the compressor,
which improves the system's stability and improves the system's performance while also reducing
fluctuations inside the cabin. (Wagh et al., 2018)

Azzouz et al. (2008) presented a dynamic vapor pressure cycle model with a PCM on the
outside refrigerator evaporator and investigated operating conditions and their impact on system
performance and energy efficiency.

The phase change material is a eutectic aqueous solution in the shape of a plate (surface area
of 0.48m2) put on the rear side of the evaporator between the insulation and the evaporator, with
a phase change degree ranging from -9°C to 0°C.

The model used for a single-door refrigerator with an internal volume of 0.29m3, energy con-
sumption of 0.44 kWh/day, an R600a refrigerant of 29g, an evaporator, a hermetically sealed re-
ciprocating compressor, and a convection condenser free and hermetically sealed reciprocating
compressor.

Azzouz et al. (2008) studied the effect of adding a layer of phase change material (PCM) on
the outside of the refrigerator evaporator, as shown in Figure 1. They used a phase change material
to operate a dynamic model of the vapor compression cycle and validated it in experimental work.
Model dynamics aims not only to study various designs but also to study the energy efficiency of
refrigerators under operating conditions. Simulation results with PCM in mind show that thermal
inertia increases the overall heat transfer from the evaporator, allowing for higher evaporation
temperatures. This improves the energy efficiency of the system. The energy stored in the PCM is
transferred to the refrigerator cell during the off-cycle, allowing several hours of continuous oper-
ation without a power source. (Azzouz et al., 2008)
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Figure 2. Construction of the PCM along with evaporator side. (Azzouz et al., 2008)

Geete et al (2018) designed a refrigerator to run experiments in a separate freezer using the
refrigerant R134a. Power consumption was 650Wh per dayat an internal temperature of 4 ° C and
an external temperature of 22 °C. Ethylene glycol was used as the PCM to create a slice with di-
mensions (0.03 m x 0.5 m x 0.45 m). The PCM is located on one side of the evaporator. Experiments
were performed at different loads of 0.25, 0.5 to 3 kg, and improved efficiency was found. The
phase change material keeps the evaporator temperature constant for 6 to 8 hours. However, the
temperature of the evaporator is almost endless because it can drop by 1 to 2 degrees per hour
depending on the heat load of the substance. This was found to significantly reduce the average
compressor operating time per cycle, about 17% to 30%, compared to materials with no phase
change. (Geete et al., 2018).

Theoretical studies were carried out by Azzouz et al. (2005) in a household refrigerator with-
out a freezer to improve energy efficiency and COP. For this purpose, a mathematical refrigerator
model was created and simulated with and without PCM (eutectic salt solution, its properties are
shown in Table 3). The material was placed on one side of the evaporator in the form of a slide
with dimensions of 0.03 m * 0.5 m * 0.5 m and a phase change temperature of 6 to 0. The test
conditions for the model were an air temperature of 20°C and an internal temperature of 4°C. The
test conditions for the model were an air temperature of 20°C and an internal temperature of 4°C.
The model study results show that the COP increases by 72%, and the operating time of the global
compressor are reduced by 25% (Azzouz et al., 2005).

Table 3. Thermophysical properties of PCM. (Azzouz et al., 2005)

Saymbol Value Unit
L 280 K/ kg
As 1,8 W/ mK
Al 0,6 W/ mK
Ps 1042 kg /m?
PI 1115 kg /m3

Cps 2592 kJ / kg K
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Azzouz et al. (2009) used the phase change material placed on the back of the evaporator to
analyze the performance of the home refrigerator, increase the storage capacity, improve the ef-
ficiency of the refrigerator, and operate for several hours without a power supply. Water is used
as the phase change material and tested using a eutectic mixture with a phase change temperature
of 0 ° C, thicknesses of 5 mm and 10 mm, and a freezing point of 3 ° C and thickness of 5 mm. The
performance of the home refrigerator showed a reduction in temperature fluctuations and an in-
crease in coefficient performance by 10- 30%. The results show that latent heat can be stored in
5-9 hours of operation without power, compared to PCM, which only works for 1-3 hours (Azzouz
et al., 2009).

Gin et al. (2010) studied the effect of adding a phase-changing material in the form of a panel
to the inner wall of a 153-liter vertical freezer to maintain a constant temperature.

The effects of heat loads such as defrosting in the event of energy loss (30-minute defrosting
cycle and door openings) and an 11-hour door opening system consisting of 13 door openings are
performed. An aqueous solution of NH4Cl was used as a phase change material with a temperature
of 15.4°C as its temperature close to the storage temperature in the freezer 18°C. The composition
of the phase change material was an easy aqueous solution Melting (19.5% of the salt of NH4Cl in
water). The test was performed at room temperature 10-50 ° C and relative humidity 40% -80%.
Test results show how effective PCM is in the freezer, reducing temperature changes and fluctua-
tions reducing freezer energy consumption by 8% during the defrosting cycle and 7% when the
door is opened. Tests show that without PCM, the heat load increases energy consumption by
1117%, and the defrosting cycle results are 1521%, demonstrating the effect of using phase change
materials on reducing energy consumption. It has been ( Gin at al., 2010).

. t_"_"""“ﬂﬂn'lﬁd BEr -_.———'no .
Fan = | Fan | +— PCM2
e R i
p.:_':p_ﬂ.f‘ PCMS — PCh4
Evaparabor
P’ﬂ\\ FPCKG
Dafrost —_ PCMT
haater o
I — L2 = —
avaporalor
| a—— [l
-Camprﬂnsnr._\‘_*

Left Sida

Elevalicn Front Elawvalion

Figure 3. Schematic of the freezer showing positions of the evaporator, defrost heater, and place-
ment of the panels ( Gin et al., 2010).

Cheng et al. (2011) uses the phase change material as a condenser to store the heat generated
by the condenser in the refrigerator and release it to the environment during the shutdown of the
home refrigerator. The experiment was conducted on a 2-door 3-star model with a capacity of 220
liters, refrigerant R600a, and a freezer freezing temperature of 18°C, using HCESS PCM materials
made of paraffin foamed graphite and polyethylene. It was manufactured and manipulated to
density. As a result, it was found that the average temperature of the condenser decreased by
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2.3°C, and the temperature of the outlet of the condenser decreased by 6.5°C. This is a stable sys-
tem efficiency in addition to the short time it takes to reach temperature. As a result, it was found
that the average temperature of the condenser decreased by 2.3°C, and the temperature of the
outlet of the condenser decreased by 6.5°C. This is a stable system efficiency in addition to the
short time it takes to reach temperature. Since the energy consumption of an average refrigerator
with HCESS PCM ranges from 0.51kWh to 0.45kWh, the results show a 12% reduction in energy
consumption (Cheng et al., 2011)

Khan et al. (2011) experimented by placing PCM on the five sides of the evaporator to improve
the coefficient of performance of the household refrigerator. Refrigerators have been tested with
three-phase change materials. Table 3.4 shows the properties of the materials used Eutectic solu-
tuins-1 (90% H20 + 10% NACL)(E.S.1), Eutectic solutuins-2 (80 % H20 + 20% KCL), (% Wt.)(E.S.2)
and Distilled water ( D.w). Using a single-door refrigerator with R134a refrigerant, the evaporator
cabin was changed to a zinc-plated iron box with a thickness of 1 mm and dimensions (width 0.56
mm, height 0.44 mm, depth 0.47 mm). With an internal volume of 0.11 cubic meters and an ex-
ternal volume of the evaporator cabin of 0.04 cubic meters, supply and store extras and connect
the top two pipes to the phase change material box to connect another pipe. In addition, the bot-
tom surface for unloading the phase change material as needed. Figure 4. Shows arrangement of
the PCM-based evaporator (Khan et al., 2011).

Table 4. Thermophysical properties of PCM (Khan et al., 2011)

Properties D.w E.S.1 E.S.2
Melting/freezing temperature(°C) 0 -5 -10
Latent heat (kJ/kg) 333 289 284

PCNM direct
Comntact with the
Evaporator coil

POCMM and cabinet box

overflow

Fig 1(d) Shape of
Solid PCNM after
Phase change

Fig 1(c) Evaporator
box inserted into the
PCM box

Fig 1(b)

Empty PCM

—_— box

Fig.1 (a) )
Evaporator cabinet
with coil

Figure 4. The arrangement of the PCM based evaporator. (Khan et al., 2011)

Rahman et al. (2013) used water as the PCM and incorporated the water into the evaporator
through a coil or path surrounding the vaporizer. The PCM loses heat when the compressor runs
and solidifies due to its solid state. An experiment was conducted in two stages, the first without
PCM and the second using PCM.

In the first test without PCM, COP = 5.78, and PCM COP = 10.25, with improvement rate =
77.33%, and in the second test, without PCM, COP = 5.55, and PCM COP =9.42, with improvement
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rate = 69.7%. The two stages improved the coefficient of performance of refrigerators with PCM
by 55:60%.

In addition, the use of PCM reduces temperature fluctuations in the refrigerator. In the ab-
sence of PCM or PCM, the coefficient performance improves as the heat load decreases, and the
coefficient performance decreases as the heat load increases. (Rahman et al., 2013)

Table 5 displays the results of using various PCM materials and their impact on electricity con-
sumption reduction

Table 5. Summary Previous studies

PCM Refriger- Phase In- Improving position Ref.
ant change °c  crease in electrical
polyethylene glycol- R134a Non Non 13% condenser (Pirvaram
1000 and polyeth- etal,,
ylene glycol-600 2019)
kNOs -2.8°c (Wagh et
R134a . Non 17:30% Evapora- al., 2018)
NaxSos -3.6°c
tor
NacCl -5°%
Eutectic aqueous R600a -9°Cto0°C  5:15% Non Evapora-  (Azzouz et
solution tor al. 2008)
ethylene glycol R134a Non Non 17:30% Evapora-  (Geete et
tor al. 2018)
Eutectic salt solu- -6to0 72% 25% Evapora- (Azzouz et
tions tor al. 2005)
Water R600a 0°C 10:30% Non Evapora- (Azzouz et
Eutectic mixture -3°C tor al. 2009)
HCE-SSPCM R600a Non Non 12% Sides (Cheng et
al. 2011)
H,O 0°c
90% H20 + 10% R-134a -5°% 21:34% Non Evapora- (Khan et
NacCl tor al. 2011)
80 % H,0 + 20% KClI -10 °c
Water Non 0°c 55:60% Non Evapora-  (Rahman

tor et al.2013)

3. Conclusions

The following conclusions can be drawn from the literature review:
It reduced electricity consumption and temperature fluctuations, as well as the compressor's on/off
time.
Its usage was also extended to include maintaining a cooling effect after a power outage.
Compared to a conventional regulator, PCM extends the period of a compressor shutdown while
preserving the cooling effect.
It could be incorporated into the refrigerator's evaporator or condenser.
It reduces electrical consumption and improves the coefficient of performance of the system.
These materials also do not definitively harm food products while maintaining their quality.

Finally, PCMs in household refrigerators are ecologically friendly and energy-efficient.
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