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Performance Enhancement of a Domestic 
Refrigerator using Phase Change Materials 
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Abstract—This work investigates about the performance enhancement of a domestic refrigerator by incorporating phase change materials 
(PCM) inside the evaporator. A U-shaped PCM box is used to contain the PCM, to improve its efficiency and to provide a storage capacity 
allowing several hours of refrigeration without power supply. This system has been tested with water, ethylene glycol mixture and eutectic 
solution as PCM. It has been found that the addition of PCM results in an enhanced conduction heat transfer from the PCM to the 
evaporator coil. The result shows that the performance of the system has improved upto 19%. The energy stoted in the PCM is yielded to 
the refrigerator during the off time and allows for several hours of continuous operation without power supply. This model shows a 5 to 19% 
increase in coefficient of performance(COP) and significant decrease in no.of starts and stops of the compressor and consequently of the 
temperature fluctuation inside the evaporator. The experimental studies with water, ethylene glycol mixture and eutectic solution have 
confirmed these results. 

Index Terms—Coefficient of performance, Compressor on/off cycle, Heat transfer, Domestic refrigerator, Latent heat of fusion, Phase 
change materials, Thermodynamic analysis 

——————————      —————————— 

1 INTRODUCTION                                                                     

 HE household refrigerators are the most extensively used 
appliances in the present world and its consuming mas-

sive portion of the total world energy. In this scenario improv-
ing the energy efficiency of household refrigerator is an im-
perative issue in terms of energy savings. Scientists, engineers, 
researchers in the field of refrigeration and air conditioning 
are now involving themselves to develop different technical 
options for enhancing the energy efficiency of household re-
frigerators. Following are the well-known technical options in 
this regard, 

1) Improve the performance of compressor 
2) Development of heat exchangers having very high ef-

fectiveness. 
3) Utilization of good insulation materials to decrease 

heat loss. 
. The refrigerant inside the evaporator coil takes the 
cabinet heat during compressor on mode. During the off mode 
of the compressor, the temperature inside the evaporator cab-
inet starts rising due to heat released from the materials inside 
the refrigerator and also due heat inleak from atmosphere. 
This on and off makes a temperature fluctuation (temperature 
rapidly rise and drop) inside the evaporator cabinet which 
ultimately decrease the quality of the perishable items.  

The physical and chemical changes caused the loss of 
quality of the product. Temperature fluctuations during freez 
ing are prior responsible of that re- crystallization and surface 
drying, although the importance of these physical changes 
decreases at lower storage temperature.  

Among the above mentioned technical options, im-
proving the efficiency of heat exchanger (Condenser and 

Evaporator) has got many researches in this field. So in this 
work we are using a PCM incorporeated box inside the evapo-
rator of the refrigerator to enhance the heat transfer. 

So reduction of temperature fluctuation inside the evapo-
rator cabinet, i.e. make a continuous or stable temperature 
inside the cabinet would be the most important issue in terms 
of designing a household refrigerator. A phase change materi-
al (PCM) is a latent heat thermal energy storage system which, 
melting and solidifying at a certain temperature. During the 
phase change time, the material is capable of storing and re-
leasing large amounts of heat energy 
and that’s why it is called Latent heat storage system (LHS). 

NOMENCLATURE 
TABLE 1 

NOMENCLATURE 
Symbol Quantity 

 
COP Coefficient of performance(-) 
h1 Enthalpy at compressor inlet(kJ/kg) 
h2 Enthalpy at compressor outlet(kJ/kg) 
h3 Enthalpy at condenser inlet(kJ/kg) 
h4 Enthalpy at condenser outlet(kJ/kg) 
P1 Pressure at evaporator side(bar) 
P2 Pressure at condenser side(bar) 
T1 Temperature at compressor inlet(°C) 
T2 Temperature at compressor outlet(°C) 
T3 Temperature at condenser inlet(°C) 
T4 Temperature at condenser outlet(°C) 

2   LITERATURE REVIEW 
Earlier works in vapour compression systems comes 

under two categories: those that focus on the performance 
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improvement and those that focus on the reduction of power 
consumed.  

PCM may also be used in load shedding applications 
to shift electricity usage to an optimum time. Modelling of air 
flow and temperature distribution inside cold storage facilities 
based on Computational Fluid Dynamics (CFD) has been at-
tempted [11] 

 Cerri (2003) has simulated a domestic refrigerator in-
cluding cold storage. His model, based on differential equa-
tions, was used to determine appropriate operating conditions 
in order to achieve a minimum electrical power. From his in-
vestigation about 12% COP improvement has been achieved 
by using PCM. Yet, Cerri used a little amount of PCM in his 
study [1]. Maltini et al. (2004) experimentally investigated the 
performance of a household refrigerator using a sodium chlo-
ride-water mixture as cooling storage system and he was ex-
amined that the PCM decreases the temperature fluctuations 
inside the cabin, leading to a better preservation of food. Here 
the PCM work as a temperature damper. An experimental 
analysis and a statistical analysis were performed by Zalba et 
al. (2004) to examine phenomena involved in a free-cooling 
system in which cold from outside air is stored in a phase 
change material during the night and used during the day for 
air conditioning. Results indicated that the effect with signifi-
cant influence in the solidification process was the thickness of 
the PCM. For the melting process, the air temperature had 
higher influence than the thickness of the PCM [3]. 

Azzouz et al. (2005) a mathematical model has been 
established of the vapour compression cycle with the existence 
of PCM and showed its experimental justification. The results 
of this model show that using PCM increase the heat transfer 
from the evaporator and consent to a higher evaporating tem-
perature which ultimately increases the energy efficiency of 
the system as compared to without PCM [4]. 

Xie et al (2006) used a CFD package to simulate the 
velocity and temperature field in a 2D plane through a cold 
store. These models were constructed for steady state opera-
tion with constant cold air inlets to the cold storage areas [11]. 
Another experimental study carried out by Cheng et al ana-
lysed the performance of a fridge-freezer with a PCM fitted 
around the condenser pipes, which lowered the condensing 
temperature and produced energy savings of 12% compared 
to the same fridge-freezer without thermal storage [12]. 

 Wang et al. (2007) have studied a dynamic 
mathematical model for coupling a PCM heat exchanger with 
a refrigeration system and, located between the thermal ex-
pansion valve and condenser. His model is capable to calcu-
late the dynamic COP and refrigerant states. Azzouz et al. 
(2008) design and developed a model of an improved refriger-
ator using phase change material as a cold storage. He found 
that about 12% COP has been improved and a 25% decrease m 
the global working time of the compressor [6]. Azzouz et al. 
(2009) investigated the performance of a household refrigera-
tor by using PCM. He observed that the thermal loads are 
strongly affected the efficiency of the refrigerator to the pres-
ence of PCM. Experimental results also show the PCM allows 

5-9 h of continuous operation without power supply as com-
pared to 1-3 h without PCM and depending on the thermal 
load about 10-30% more COP improvement has been ob-
served. From the above mention discussion it is clear that a 
very few experimental works of performance improvement of 
household refrigerator by PCM has been done [7]. 

Most of the investigations cited above were focused 
on the heat transfer in the latent heat storage system. There are 
only few studies that have been reported in the literature on 
the behaviour of a refrigerator coupled with a phase change 
material as a slab applied on the entire area of the evaporator. 
The purpose of this paper is to propose a model for the dy-
namic behaviour of a refrigerator using a PCM storage system 
and to perform a parametric study in order to analyse the con-
sequences of the operating conditions on the energy efficiency. 

3   EXPERIMENTAL SETUP 
A conventional household refrigerator is used in the 

modified form with PCM box located behind the evaporator 
cabinet to carry out the necessary experiments. The experi-
mental set up comprised with a refrigerator, pressure trans-
ducer, pressure gauge, thermocouple, phase change material 
box 
1) Cabinet         : Internal volume, 12.5L 
2) Evaporator   : Mode of heat transfer - Free convection 

              Material of the coil/tube - Copper tube 
           Length of cabin-30cm 
           Breadth of cabin-20cm 

                             Height of cabin-13cm 
3) Condenser    : Mode of heat transfer 
                             Material of the coil/tube: Steel and wire tube 
4) Compressor  : Hermetic reciprocating compressor, 
                             LG NR45LAEG 220-240V, 50Hz 
5) Expander       : Capillary tube (Internal diameter 1 mm) 
6) On/off control and self defrost 
7) Refrigerant    : 1,1,1,2-Tetrafluoroethane (R-134a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Temperatures at various locations (compressor, con-

denser, evaporator and cabinet) are measured with infrared 

 
Fig.1 Experimental test rig and setup 
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thermometer. Two pressure transducers are used to measure 
the evaporation and condensation pressures at the inlet and 
outlet of the compressor. Temperature at compressor, conden-
ser, evaporator, capillary tube, compartment, PCM, etc were 
measured. Measurements were carried out by means of infra-
red thermometer. PCM inclusion in the system affects the 
evaporation and condensation pressures. Since evaporation 
and condensation processes are examples of a phase change 
process, the pressure change in these components are negligi-
ble (unless refrigerant superheating or sub cooling takes place 
in the evaporator or condenser, respectively). Therefore, only 
two pressure transducers are normally used for measurement 
in these components. Pressure transducers are fitted at the low 
pressure and high pressure sides of the refrigerator and as 
shown in the figure 1. 
 A U Shaped box is fabricated and is fitted inside the 
evaporator cabin to contain the phase change material. It is 
fitted in such a way that it is fully in contact with the evapora-
tor coils. The box is made of galvanized iron sheets with a 
thickness of 5mm [reference no].The fabricated model of the 
box are shown in figure 2. 
 

 

 

 

 

 

 
 
The experiments were carried out initially without 

PCM and calculations of ON/OFF cycle times of the compres-
sor and its power consumption are evaluated. Again this ex-
periment is repeated with PCM as water with 400ml quantity 
at 0˚ C and the power consumption of compressor is evaluat-
ed.  

Again for the recommended temperature mixture of 
water 90% and ethylene glycol 10 % by volume with total 
quantity of 400 ml melting time, freezing time, total power 
consumption in compressor for 24 hours are calculated. Also 
eutectic with the same composition as ethylene glycol is used 
as PCM. Then the results are compared and best recommend-
ed solution is evaluated. 

4   SELECTION OF PCM 
A phase-change material (PCM) is a substance with a high 
heat of fusion which, melting and solidifying at a certain tem-
perature, is capable of storing and releasing large amounts of 
energy. Heat is absorbed or released when the material chang-
es from solid to liquid and vice versa; thus, PCMs are classi-
fied as latent heat storage (LHS) units PCMs latent heat stor-
age can be achieved through liquid–solid, solid–liquid, solid–

gas and liquid– gas phase change. However, the only phase 
change used for PCMs is the solid–liquid change. Liquid-gas 
phase changes are not practical for use as thermal storage due 
to the large volumes or high pressures required to store the 
materials when in their gas phase [10]. 
The selection criterias are follows  

1) Thermodynamic properties 
2)  Melting temperature should be in the desired operat-

ing temperature range  
3) High latent heat of fusion per unit volume  
4) High specific heat, high density and high thermal 

conductivity. 
5) Safe and non-reactive 

5   RESULTS AND DISCUSSIONS 
         The experiment was conducted using differ-
ent phase change materials in order to evaluate the perfor-
mance enhancement of the household refrigerator. Tempera-
ture and pressure are two important parameters considered 
for the analysis.The data were analyzed according to the theo-
ry of refrigeration system and the result were tabulated. Since 
the objective of this work was to investigate the COP of the 
domestic refrigerator, therefore it’s also closely related to re-
frigeration capacity and compressor power produced by the 
system. 

The effects of employing different types of PCMs 
were discussed below. Various PCMs used are   

1) Water (200ml and 400ml)  
2) Ethylene glycol solution (200ml and 400ml)  
3) Eutectic solution (200ml and 400ml)  

The above stated three PCMs affect the system performance 
based on the difference in their melting point and heat carry-
ing capacity. Water is having a phase change temperature of 
0°C and both of ethylene glycol solution and eutectic solution 
possess below 0° C. The exact range value for ethylene glycol 
solution is -5°C and eutectic solution with -4°C. The following 
table shows the % increase in COP using different PCM’s. 

TABLE 2 
PERCENTAGE IMPROVEMENT IN COP 

Sl 
No 

 
COP % increase 

in COP 
1    Without PCM 5.83 - 
2  

PCM 

 Water 6.3 7 
3  Ethylene glycol mxture 6.52 11 
4  Eutectic solution 6.96 19 

 
   Out of the three PCMs, Eutectic solution shows high-
er COP because of its lower phase change temperature. Eutec-
tic solution starts to change its phase at -5°C while water at 
0°C and ethylene glycol at -4°C. As a result Eutectic solutions 
stores more latent heat by phase change than water during the 
off mode of the compressor and transfer this heat to the refrig-
erant by faster conduction method during on period of com-
pressor which eventually increases the evaporation tempera-
ture also the evaporation pressure of the evaporator.   
  Also the average compressor on time per cycle is sig-

 
Fig. 2 Fabricated PCM box fitted inside cabin 
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nificantly reduced for the system with PCM with respect to 
without PCM and this ultimately reduce the energy consump-
tion of the system. Among the selectedPCMs, the percentage 
of compressor running time for Eutectic and ethylene glycol is 
higher than water at zero load condition   

Based on the results, the addition of PCM prolongs 
the compressor OFF time and enhances the COP of the system. 
Based on the rsults, 5–19% enhancement of COP can be 
achieved by the application of PCM inside the evaporator cab-
inet. The amount of enhancement strongly depends on the 
ambient temperature and type of PCM used. PCM at the 
evaporator increases evaporation temperature (prevents evap-
oration temperature drop during phase change) which in turn 
increases compressor inlet temperature. Thus, the perfor-
mance enhancement of a system equipped by PCM at evapo-
rator side is somewhat limited by the high condensation tem-
perature. A PCM-equipped refrigerator has smaller ON-time 
ratio as well as higher COP. These two results are significantly 
important for performance enhancement of the system. More-
over, due to its high thermal inertia, the rate of temperature 
change in compartment is lower and better food quality is 
guaranteed by presence of PCM. This feature not only helps 
the regular performance of the system, but also is greatly help-
ful for defrost. Thermal storage by PCM at evaporator keeps 
compartment cold for longer periods of time. In case of a pow-
er failure, the thermal storage compensates the heat gain 
through the compartment walls.    

Moreover, PCM adds the thermal capacity of the 
compartment, which is of great importance if the refrigerator 
door is opened during power outage. Since door opening from 
hot ambient air flow into the compartment, an ordinary refrig-
erator, even with the maximum possible insulation, cannot go 
back to a colder temperature after the air exchange. However, 
when PCM is used at evaporator it absorbs heat from com-
partment air, allowing lower air temperature. This is an im-
portant feature in case of rolling blackouts since the refrigera-
tor can perform in such a scenario.  

Graph below shows the variation of evaporator tem-
perature without and with the additions of several phase 
change materials like water, ethylene glycol mixture and eu-
tectic solution.   

  
 
 

   

 
 
 
 
 
 
 
 
 

              
 
 
 

 
 
Figure 3 shows the effect of PCM on average air tem-

perature inside the cabin at no load condition which shows the 
average temperature fluctuation for a specific time is signifi-
cantly reduced for the system with PCM in respect to without 
PCM. The  compressor  on-off  mode  is  activated  by  the  
thermostat  which  is  located  in  the  evaporator compartment 
.In case of Base system (ie, without PCM), during compressor 
off mode the cabinet temperature rises quickly due to  the heat 
inlet by the door opening and intake heat from the surround-
ings due to ambient conditions. As a result the thermostat 
triggers the compressor in on mode quickly.   

On the other hand when PCM is used, this excessive 
heat is absorbed by PCM due to its phase change nature (solid 
to liquid) which does not allow the compartment temperature 
to rise quickly. A low enough temperature  near  to  the  de-
sired  point inside  the  cabinet  is  maintained  during  the  
whole  melting period  of PCM and the compressor is not trig-
gered in on  mode  quickly by the thermostat. As a result a 
prolonged off mode of compressor is obtained.  This longer off 
mode of compressor ultimately reduces the number of on-off 
cycle significantly which ultimately reduces temperature fluc-
tuation inside the evaporator cabinet for a certain period of 
time.   

Figure 4 explains the variation in COP of refrigerator 
using different PCM’s 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The phase change material incorperated system gives 

5–19% increase in the coefficient of performance and  a signifi-
cant decrease in the number of starts and stops of the com-
pressor and consequently of the temperature fluctuations in-
side the refrigerated cell. Experimental tests with water and 
both PCM’s with a melting temperature of -4˚C and -5˚C have 
confirmed these results. The autonomy of the device allowing 
safe food preservation without electrical supply ranges be-
tween 2 and 3 h,  zero thermal load , with a only 5 mm thick 
slab.   

 

 
Fig. 3 Variation of evaporator temperature with time 

 

 
Fig. 4 Variation of COP using different PCMs 
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6   CONCLUSION 
The experimental study of refrigeration system with 

phase change material shows enhancement of the system per-
formance and reduction of temperature fluctuations in the 
evaporator using three different phase change materials of 
different quantities. Depending on the PCM around 19% COP 
improvement has been achieved by the PCM respect to with-
out PCM. With the increase of the quantity of PCM, COP in-
creases about 6%. The maximum COP improvement is 19% for 
eutectic solution followed by ethylene glycol and water. The 
recommended temperature of evaporator or storage depends 
on the type of the food products or any other storage material. 
This melting point should be slightly below the recommended 
temperature in evaporator or storage. 

The integration of 400 ml phase change materials in-
side the evaporator cabin maintains the desired temperature 
of 5˚C for 40 minutes, 70 minutes, 90 minutes for water, eth-
ylene glycol mixture and eutectic solution respectively with-
out electrical supply. It has been found that the addition of the 
phase change material results in an enhanced conduction heat 
transfer from the evaporator to the PCM in addition to the 
natural convective heat transfer to the air. The experiments 
results suggested that a eutectic solution  would  need  to  be  
employed  to  maintain  the  compartment  temperature  with-
in  the  required range for domestic refrigerators. 

These results show that PCM could be utilized to lim-
it temperature rises during loss of electrical power, which may 
occur due to an accidental power loss or done purposely to 
achieve electrical load shifting. Since  the  conduction  heat 
transfer  process  is  faster than  the  free  convection process 
the cooling coil temperature  does  not  require  dropping  
very  low  to maintain desired  cabinet  temperature.  As a re-
sult the evaporator works at high temperature and pressure 
with PCM.  
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