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ABSTRACT 
 
 Due to climatic change, thermal loads in buildings increase. Cooling thermal energy storage could become 
one of the important solutions to manage peaks electrical power imbalance between daytime and nighttime. This 
kind of storage uses off-peak power to provide cooling capacity by extracting heat from a storage medium. 
However, there are few studies specifying the correct PCM material to apply in each applications and the 
optimal quantity to be used. This paper deals with the experimental investigations and optimization of thermal 
storage system using phase change material (PCM). In the present study, natural PCM–Coconut Oil with 
melting temperature ranges 22-24°C filled in copper capsules is used. A test unit is built in the Solar Energy 
Department; N.R.C. Egypt is used in this study. Experiments using coconut oil with different thermal storage 
conditions are carried out. The experimental apparatus consists of mechanical cycle (the refrigeration cycle), air 
cycle, brine cycle, and sphere capsules.  The effects of the initial temperature of heat transfer fluid (HTF) during 
charging and discharging processes on the amount of thermal energy storage charge and ambient air temperature 
on discharge time are investigated. The effects of using mix air are investigated. The efficiency of the system is 
calculated. A correlation is developed, to predict the air room temperature from the ambient air temperature. 
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rates and prototype. 
 
Introduction 
 
 The idea to use phase change materials (PCM) for storing thermal energy is to make use of the latent heat of 
a phase change, usually between the solid and the liquid state. Since a phase change involves a large amount of 
latent energy at small temperature changes, PCMs are used for temperature stabilization and storing heat with 
large energy densities in combination with rather small temperature changes. Deanna Hood (2008) studied the 
increasing of the electricity consumption growth in Australia and found doubling the electricity consumption 
growth over recent years. In addition, the need to greater capacity was driven by peak demand. Halford and 
Boehm(2007) studied peak load shifting strategies using encapsulated phase change materials. The materials 
being considered were installed within the ceiling or wall insulation to assist in delaying the peak demand times 
for air conditioning later in the night in what is called resistive, capacitive, resistive (RCR). Alvarez et al., 
(2003) presented an example of TES design for a hypothetical system serving a familiar housing. The house has 
an area of about 91 m2 ; four bedrooms, kitchen, and the living room. The total area to be cooled is 72.33 m2. 
Voelker et al.,2008. placed phase change materials (PCM) in lightweight constructions for modern buildings to 
increase the thermal mass of the building. These materials changed their state of accumulation within a defined 
temperature range. Takeda et al., (2004) studied test room, with which air was supplied from the floor using 
thermal energy storage for PCM granules and building structure. 
 Heinz  and Streicher (2006) constructed a small experimental storage tank with cylindrical PCM modules. 
That tank was used to analyze the heat transfer processes between the PCM and the surrounding water 
(convection). Ana Lazaro et al.,(2009) designed two prototypes, the first one from aluminum pouches filled with 
an inorganic PCM. PCM thickness was a critical parameter to obtain the required cooling rates. Air flaw is 
parallel to the pouches from bottom to top. The second prototype was designed using aluminum panels filled 
with organic PCM. Air flaw is parallel to the panels from top to bottom. 
 Ismail and Henriquez (2002) presented a numerical model to simulate a storage system composed of 
spherical capsules filled with PCM (water) and packed inside a cylindrical tank. Experiments were carried out 
on a storage unit filled with spherical capsules containing water and ethylene glycol solution of 30% volumetric 
concentration. Spherical capsules used three materials from copper, PVC and polyethylene. Yooko et al.,(2005) 
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designed experimental apparatus consisting of the capsule filled with water, the cooling tank in which the 
capsules are placed, the brine that cooled the capsules, and the chiller, which cooled the brine. 
 
Nomenclature 
Cp    Specific heat (kJ/kg.k). 
LH        Latent heat (kJ/kg) 
mb   mass of brine (kg). 
mc   mass of coconut oil (kg). 
Qair    The useful heat gain in the air (kJ) 
Qc    Amount of heat charging (kJ) 
Qd    Amount of heat discharging (kJ) 
Qin   Amount of input electric power (Whr) 
Qout  Amount of output power (Whr) 
t        The time lapsed 
Ta     Ambient air temperature (oC) 
Tr      Room temperature (oC) 
ΔT brine  Difference in brine temperature before and after charging (oC). 
ΔT coconut oil  Difference in PCM ball temperature before and after charging (oC). 
ζ System  System efficiency 
 
The Experimental Work: 
The Experimental Apparatus:  
 
 A schematic diagram of the experimental apparatus is shown in Fig. 1. Photograph of the experimental 
setup is shown in Fig. 2. It consists of the following items: 
• Thermal storage tank (evaporator) made of galvanized steel sheet 1cm thickness with internal diameter of 
35cm and height of 55cm. A refrigeration pipe is fixed around the body of the tank. To reduce heat gain, the 
tank is covered with fiberglass insulation 5 cm thickness and cladding with galvanized steel sheet. 
• Copper piping system isolated by rubber insulation (arm flex)  
• 14 Spherical capsules made of copper with diameter of 10 cm is installed in the tank.  
• Each capsule filled with 396 g coconut oil.  
• 20 % ethylene glycol by volume and water are used as, heat transfer fluid, coolant. 
• There are eight thermocouples to measure the temperature. 
o Two of them are used to measure the surface of capsule. 
o Four thermocouples are inserted into the capsule to measure temperature of PCM as shown in figure 3. 
o One thermocouple is used to measure air temperature before cooling coil in the duct. 
o One thermocouple is used to measure room's air temperature. 
• Digital thermostat is used to measure and control the brine temperature in the tank.  
• Mechanical cycle (the Refrigeration cycle). 
• Air cycle (main duct, dampers and fan).  
 
The used PCM: 
 
 The PCM selected for this study is Coconut Oil, not only because it is a natural material but also because its 
phase change is inside the comfort temperature range (24 oC to 27 oC) (Pedro Silva,2006). It is placed in copper 
capsules. In addition, it has the following properties: 
• Safe and non-reactive. 
• Available in Egypt and cheap. 
• Freeze without much super cooling. 
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1- Compressor.                                                   6- Capsules.  
2- Condenser.                                                     7- Insulation. 
3- Capillary tube.                                                8- Air handling unit. 
4- Storage tank.                                                   9- Supply air duct  
5- 20% Ethylene glycol+ water.                        10-Return air duct 
 
Fig. 1: Experimental apparatus.  
 
Cool-thermal storage process: 
 
 As the principle of latent thermal storage necessarily involves a change of state, heat transfer must occur in 
different modes depending on the state of charging or discharging. 
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1 Room 1mx1mx1m 
2 Air duct  
3 Volume damper 
4 Ethylene glycol piping 
5 Storage tank 
6 Pump 
7 Condensing unit 

 
Fig. 2: Photograph of the experimental setup. 
 

 
 
Fig. 3: Thermocouples location in capsule.  
 
 Cool systems remove heat from a thermal storage medium during periods of low cooling demand. The 
stored cooling is later used to meet an air conditioning or process cooling load. The presented cool-thermal 
storage process is a system using encapsulated phase-change materials. It consists in using copper capsules of 
PCM immersed in into a chilled glycol.  
 
a) Charging process: 
 
 Charging process is started at early morning by operating the refrigeration cycle to cool the brine (20% 
Ethylene glycol by volume + water) in the tank to 0oC. The PCM inside the containers releases its latent heat 
and freezes.  
 Digital thermostat is used to measures and controls the temperature of brine and the temperature of PCM is 
measure by six thermocouples; two of them are used to measure the surface temperatures of the capsules and 
another four thermocouples are inserted into the capsule to measure the PCM temperature in axial positions. 
 
b) Discharge process: 
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 During the discharge process the cold brine, existed in the tank, is pumped into the coil installed in the air 
duct. The forced air inside the duct will pass through the coil and reaches the air-conditioned room at a lower 
temperature. The warm fluid carrying energy from the load is circulated through the tank, melting the 
encapsulated PCM. 
 
Results and Discussions 
 
 The obtained results from the experimental work carried out to investigate the optimization of thermal 
system integrated with latent heat storage are discussed in the following sections. The properties of the used 
materials are in Table 1. 
 
Table 1: The properties of the used materials 

mass of brine 17.4 kg 
mass of coconut oil 5.5 kg 
Cp brine 3.75 kJ/kg·K 
Cp liquid coconut oil 2.1 kJ/kg·K 
Cp solid coconut oil 2.9 kJ/kg·K 
Latent heat coconut oil 198 kJ/Kg 

 
The charging process: 
  
Amount of heat charging calculation (Q charging): 
 
 The storage capacity of the LHS system with a PCM medium during charging is given by Qc=(mb· cp ·∆T) 

brine + (mc· cp·∆T)liquid coconut oil+ (mc·LH)coconut oil + (mc· cp·∆T) Solid coconut oil 
 
Temperature histories of HTF and PCM: 
 
 Figure 4 shows the time variation of temperatures of the brine, coconut oil and the ambient air temperature 
during the charging process. It is observed that the temperature of PCM decreases down to the melting range, 
and then seems to be stable for a while. After solidification, the temperature decreases with reducing in the rate 
of decreasing for the center region (thermocouples 2 & 3). Along the cold boundary layer region adjacent to the 
inner cylinder surface, (thermocouples 3 & 4), the rate of PCM temperature decreasing has the same rate of the 
HTF. The temperatures of the PCM are higher than that of the HTF except at the surface (thermocouples 5& 6). 
The charging time is two hours. 
 

 
 
Fig. 4: Time variation of the temperatures of coconut oil in capsule, and brine during charging process. 
 
 
Effect of HTF temperature on accumulated charged thermal energy during charging Process: 
 
 Figure 5 shows Effect of the HTF temperature on Q charging during charging process. It is observed that Q 
charging increases as HTF initial temperature increases. 
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Fig. 5: Effect of HTF initial temperature on Q charging during charging process. 
  
The discharging process: 
 
Amount of heat discharging calculation (Q discharging): 
 
 The storage capacity of the LHS system with a PCM medium during discharging is given by Q d= (m· cp 
·∆T) brine + (m· cp·∆T) Solid coconut oil+(mc·LH)coconut oil 
 
Temperature histories of HTF and PCM: 
 
 Figure 5 shows the time variation of the temperature of the brine, coconut oil and the ambient temperature 
during the discharging process using total return. It is observed that the temperature of PCM increases slowly to 
the melting range, and then seems to be stable. The temperature of the HTF increases faster the kept constant 
due to the PCM temperature. After that, it increases slowly. The temperature of the supply air of the room is 
between 22-27ºC through a time of hour and half. 
 

 
 
Fig. 6: Time variation of the temperatures of coconut oil in capsule, and brine during discharge process. 
 
Effect of ambiant air temperature on accumulated discharged thermal energy during discharging Process: 
 
 Figure 7 shows Effect of the ambient air temperature on Q discharging during discharging process. It is noticed 
that Q discharging and time of discharging process increase due to the decrease of ambient temperature. 
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Fig. 7: Effect of ambient temperature on Q discharging during discharging process. 
 
Effect of ambiant temperature on room temperature during discharging Process: 
 
 Figure 8 shows Effect of the ambient temperature on room temperature during discharging process for 
several experiments. It is observed that room temperature increases and the time decreases due to increase of 
ambient temperature. Figure 9 chows the relation between the ambient air temperature and the room temperature 
and the correlation between them. From the figure, the average room temperature may be calculated as follows: 
 
Tr=0.599Ta+3.839 

 
 
Fig. 8: Effect of ambient temperature on room temperature during discharging process. 
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Fig. 9: The relation between the ambient air temperature and the room temperature. 
 
Effect of mix with fresh air on accumulated discharged thermal energy during Discharging Process: 
 
 Figure 10 indicates the variation of the accumulated discharged thermal energy for total return air compared 
with mix air (50% fresh air). It is clear that during decreasing the accumulated stored thermal energy is greater 
than that of using 50% fresh air. 

 
 
Fig. 10: Effect of mix with fresh air on Q discharging during discharging process. 
 
Systems efficiency: 
 
 The system efficiency is calculated as follows: 
ζ System = Qout/Qin 
Electrical Energy consumption: 
Qin = E charging+ E discharging Whr  
Qout = Qair = (ma. cp. ∆T) t 
ζ System = Q out/Qin =230.7/600 = 0.39 
 Figure 11 shows the efficiency of the system due for total retune air compared with 50% mix with fresh air 
 It is noticed that the efficiency which used total return air higher than that of 50% fresh air. 
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Fig. 11: The efficiency of the system due to used mix with fresh air 
 
Conclusions: 
 
1. During discharging processes: using total return air leads to the increase of the accumulated stored thermal 
energy. 
2. The time required to complete discharging processes increases as the ambient air temperature decreases. 
3. Using total return air increases the discharging time. 
4. The system efficiency increases by using total return air. 
5. During charging process as the brine, initial temperature increases the accumulated stored thermal energy 
increases. 
6. This system do not work with high efficiency when the ambient temperature reaches to 40oC, but it is works 
with ambient temperature range  30 to 36 oC 
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