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Abstract: An experimental study on the latent heat storage system (LHS) using paraffin wax 

as a phase change material (PCM) was performed to analyze thermal physiognomies. The use 

of phase change materials (BM) through latent heat storage (LSS) is an unusual approach to 

maintaining thermal energy. There is the benefit of high energy storage density and the equal 

temperature of the storage process. Tubes in shell type heat exchanger (HE) has been used in 

this project. Water circulates in tubes and around the tubes it has paraffin wax as phase 

change material. The focus is on charging and discharging of phase change material (paraffin 

wax), which is the melting and hardening of paraffin wax. The temperature distribution in 

paraffin wax is studied according to the different flow rates of the heat transfer fluid 

(HTF).The outcome revealed that the suitable inlet temperature (Th) for charging the system 

is 70° C. The results are obtained experimentally for different mass flow rates. This system 

can store thermal energy and can be used in heating applications as for heating water for 

winter.

Keywords : Paraffin wax, PCM, Tube in Shell Type Heat Exchanger, HTF, Latent Heat 

Storage. 
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Introduction 

Various renewable energy sources are being used in all over the world due to rising prices of fuel 

and increase in the level of greenhouse emission. Radiation is assumed to be one of the most 

anticipated sources of energy. Engineers and scientist all over the world are concentrating on 

renewable energy sources but most important is to store that energy for later purposes when the 

direct energy source is not available. The storage of energy in a suitable form that can be used in 

required form later is the main challenge for technologists. Maintenance of electricity ensures 

compensation offer and demand. And it plays an important role in energy efficiency. This is the 

best way to save energy and keep the system more inflated.One of the prospective methods of 

heat energy conservation is the use of phase-change material (PCM).The use of phase change 

material for storing thermal energy is the unique way of storing thermal energy [1]. It has high 

energy storage density and isothermal nature of the process. Phase change materials are widely 

used for solar pressure, heat pumps, spacecraft and many latent heat storage systems. The 

heating and cooling process of the building is a step-by-step substance used to make it attractive. 

It has been observed that the shell and tube type heat exchanger is the better encouraging 

equipment as a latent heat storage system because it serves high efficiency for a minimum 

volume [2]. In this type of heat exchanger, thePCM fills the annulus space of shell around the 

tubes and at the same time the HTF flow within the tubes. Moreover, use of multi tubes in this 

type of heat exchanger LHS, moderate improvement in heat transfer during melting and 

solidification identified [3].Chua et al. [4] discussed two possible methods to obtain the energy 

needed for HVAC (Heating, Ventilation, and Air Conditioning). One method is to use various 

high-efficiency air conditioning systems, and the other uses wasted energy in a cogeneration 

scheme. However, these methods require additional high-cost equipment, making them 

impractical to apply in vehicles. A potentially inexpensive and simple alternative is to install a 

PCM-filled heat exchanger to collect waste heat. 

 

Phase change material 

Thermal energy storage (TES) is achieved using different technologies that collectively 

accommodate a wide range of needs. It allows excess thermal energy to be collected for later use, 

hours, days or many months later, at the individual building, multiuser building, district, town or 

even regional scale depending on the specific technology. As examples: energy demand can be 

http://en.wikipedia.org/wiki/Thermal_energy
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balanced between daytime and nighttime; summer heat from solar collectors can be stored inter-

seasonally for use in winter, and cooling effect from winter air can be provided for summer air 

conditioning.  

Storage mediums include: water or ice-slush tanks ranging from small to massive, masses of 

native earth or bedrock accessed with heat exchangers in clusters of small-diameter boreholes 

(sometimes quite deep); deep aquifers contained between impermeable strata; shallow, lined pits 

filled with gravel and water and top-insulated; and eutectic, phase-change materials. Other 

sources of thermal energy for storage include heat or cold produced with heat pumps from off-

peak, lower cost electric power, a practice called peak shaving; heat from combined heat and 

power (CHP) power plants; the heat produced by renewable electrical energy that exceeds grid 

demand and waste heat from industrial processes. Organic PCMs are meritorious as they have 

consistent melting characteristics and self-nucleation [5]. Phase change materials (PCM) are used 

as promising media of heat energy storage since they have large energy storage capacity. The 

PCMs are alienated into three main classifications. Figure 1.1 shows the classification of a 

various phase change materials [6]. 

 

 

 

 

 

 

 

 

 

 

Figure. 1 Categories of phase change materials 

1.1 Thermal properties of PCM 

http://en.wikipedia.org/wiki/Solar_thermal_collector
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The paraffin wax thermal properties used in this research are listed in Table. 1 

Table 1 : Essential characteristics of PCM 

Transition temperature 55 ⁰ C to 58 ⁰ C 

Latent heat capacity 206 kJ/kg 

Density 789 kg/m
3 

 

Selection of suitable heat exchanger 

A tube in shell type heat exchanger is the simplest choice of theheat exchanger. Incorporation of 

phase change material is also easy in this type of exchanger. The phase change material is 

incorporated in the outer shell of the heat exchanger and the heat transfer fluid (HTF), which is 

water, in this case, flows from the inner tube. 

Inlet and outlet parameters 

 Inlet temperature provided by source = 70C 

 Maximum desired outlet temperature(Tf) max = 50C 

 Minimum desired outlet temperature(Tf) min = 40C 

 Inlet temperature of water(Ti) = 5C 

 Melting point of wax(Tm) = 58C 

Total heat needs to supply during charging. 

 C = Specific heat capacity of water 

 Tf = Maximum temperature provided by the source 

 Ti = Temperature of water to be heater 

 Q = m(water) x (Tf – Ti) x C 

 m(water) = 10kg 

 C(water) = 4.18kJ/kg-c 

 Q=10(70-5) (4.18) 

 Q = 2717kJ 

Desired heat during charging. 

 Q = m(water) x (Tf – Ti) x C(water) 

 Q = 10 x (50-5) x4.18 

 Q = 1881kJ 

The rate of heat transfer during charging. 
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 Assume Mass flow rate=1kg/min=0.0167kg/s 

 Q = m∘(C)(∆T) 

 Q = 0.0167(4.18)(70-5) 

 Q = 4.53kJ/s 

 

Mass of PCM. 

Mass of PCM required to heat 10 Kg of water from 5
o
C to 65 

o
C can be simply calculated as: 

Mass of water needs to warm = Mw = 10Kg 

Initial temperature of HTF= Ti = 5 
o
C

Desired outlet temperature of HTF = Tfinal = 50
o
C 

Specific heat capacity of water= Cp = 4.18 Kj/Kg

Heat required = Q = Mw*Cp*(Tfinal-Ti)= 1881 Kj

This heat must be provided by the PCM during phase transition. Suppose that PCM is fully 

charged and its temperature is 70 
o
C. 

 Q = 1881kJ (desired heat) 

 Specific heat of paraffin wax = 2.7kJ/kg-k 

 Q =m(wax)[C(wax)∆T(sensible)+latent +C∆T (sensible)] 

 m(wax) = 1881/273.5=6.87kg 

 Keep 10% more (as a factor of safety) 

 Mass(wax) = 7.38kg 

 

Methodology and Experimental setup 

The PCM based heat exchanger must be incorporated with the solar water heater. So, it is 

necessary to know the basic way of incorporating the thermal energy storage device with the 

solar water heater. Following is a brief on how to incorporate this device with a solar water 

heater. The Figure. 2 shows the outline of the thermal energy storage with the solar water heater 

[7]. 
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Figure. 2 : Outline of thermal energy storage with solar water heater 

 

During the sunshine period, valve 1 is kept open and valve 2 is kept closed. The cold water from 

the storage tank goes through the flat plate solar collector, absorbing heat energy from the solar 

radiation. It then passes through the PCM heat exchanger, where it loses its heat to the phase 

change material. It then goes back to the storage tank. In this way, the PCM gains heat energy 

which will then be used to heat water during the non-sunshine period. 

During the non-sun period, valve 1 is kept closed and valve 2 is kept open. Cold water from the 

storage tank passes through the PCM heat exchanger, absorbing the heat energy from the heat 

stored in the phase change material. Then return to the storage tank. In this way, the cold water is 

heated by the heat stored in the PCM. The energy-saving device of the test bench is shown in 

Fig. 3. 
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Figure. 3 Test bench of energy storage device 

 

Testing procedure 

The final test rig for testing the energy storage unit is shown in Figure. 3. Testing the energy 

storage unit takes place in two ways, loading and unloading. The diffusion of the phase change 

material temperature was studied in each mode to study the melting and hardening pattern of 

phase change material [8]. 

 

Charging 

The procedure of testing in charging mode is as follows: 

a. The water of storage tank is heated to the range of 80-85
o
C, using the heating arrangement. 

b. The flow control valve is adjusted to a suitable mass flow rate of heat transfer fluid. 

c. The initial readings of the temperature indicator are recorded. 

d. The pump is switched on to initiate the flow in the circuit. 

e. The readings of temperature indicator i.e. temperature at the predetermined points are then 

taken at an interval of 2 minutes, for around 40 to 60 minutes. 

f. The temperature variation at each point of the wax is plotted with the time spent. 

 

Discharging

The procedure for testing in discharging mode is as follows: 
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a. The heating arrangement of the storage tank is kept off. 

b. The initial readings of the temperature are recorded. 

c. The water in the storage tank at ambient temperature is circulated using the pump. 

d. The readings of temperature indicator i.e. temperature at predetermined points are taken at an 

interval of 2 minutes for around 40 to 60 minutes. 

e. The variation of temperature at each point in the wax is then plotted against the time elapsed. 

f. The loading and unloading procedure is repeated for different levels of mass flow of the heat 

transfer fluid and thus obtaining temperature change parameters for varying flow rates. 

Experimental Results and Discussion 

The temperature distribution of the phase change material, during charging and discharging was 

taken at three different mass flow rates at 15, 11 and 7 kg/min. For each mass flow rate, thecurve 

was plotted for variation of temperature at each point in the wax against time elapsed, to get 

amelting curve in case of charging and solidification curve in case of discharging. 

 Case 1: At mass flow rate of 15 kg/min 

In this case, the rate of the flow rate of the heat transfer fluid is taken as 15 kg / min. The melting 

and strengthening curve for the phase change material is taken and shown in Figures 4 and 5, 

respectively. 

Melting curve 

 

Figure. 4 Melting curve (case 1) 
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Thermocouple 1 represents the temperature change curve at point 2, thermoelement 2 represents 

the temperature change curve at point 3, thermoelement 3 represents the temperature change 

curve at point 4 and thermocouple 4 represents the temperature change curve at point 5. 

Solidification curve 

 

 

 

 

 

 

 

 

 

Figure. 5 Solidification curve (case 1) 

 

Thermocouple 1 represents the temperature change curve at point 2, thermoelement 2 represents 

the temperature change curve at point 3, thermoelement 3 represents the temperature change 

curve at point 4 and thermocouple 4 represents the temperature change curve at point 5. 

3.2 Case 2:At mass flow rate of 11 kg/min 

In this case, the flow rate of the heat transfer fluid mass is taken as 11 kg / min. The melting and 

hardening curve for the phase change material is taken and are shown in Figures 6 and 7, 

respectively. 

Melting curve 
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Figure. 6 Melting curve (case 2) 

Thermocouple 1 represents the temperature change curve at point 2, thermoelement 2 represents 

the temperature change curve at point 3, thermoelement 3 represents the temperature change 

curve at point 4 and thermocouple 4 represents the temperature change curve at point 5. 

Solidification curve 

 

 

 

 

 

 

 

 

Figure. 7  Solidification curve (case 2) 

 

Thermocouple 1 represents the temperature change curve at point 2, thermoelement 2 represents 

the temperature change curve at point 3, thermoelement 3 represents the temperature change 

curve at point 4 and thermocouple 4 represents the temperature change curve at point 5. 
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3.3 Case 3: At mass flow rate of 7 kg/min 

In this case, the flow rate of the mass of the heat transfer fluid is taken as 7 kg / min. The melting 

and hardening curve for the phase change material is taken and are shown in Figures 8 and 9 

respectively. 

Meltingcurve 

 

 

 

 

 

 

 

 

Figure. 8 : Melting curve (case 3) 

Thermocouple 1 represents the temperature change curve at point 2, thermoelement 2 represents 

the temperature change curve at point 3, thermoelement 3 represents the temperature change 

curve at point 4 and thermocouple 4 represents the temperature change curve at point 5. 

Solidification curve 

 

 

 

 

 

 

 

 

Figure. 9 Solidification curve (case 3) 
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Thermocouple 1 represents the temperature change curve at point 2, thermoelement 2 represents 

the temperature change curve at point 3, thermoelement 3 represents the temperature change 

curve at point 4 and thermocouple 4 represents the temperature change curve at point 5. 

 

The melting and solidification curves at all the three mass flow ratesshow similar behaviour. The 

variation of thetemperature of the phase change material is almost linear. The temperature 

variation curve of wax nearer to the inner tube (Thermocouple 1 in this case), shows more 

nonlinear behaviour than those at the outermost layer. Also, it can be seen that the melting is 

more accelerated at the top, compared to that at the bottom. At the beginning of the solidification 

process, the temperature of the paraffin wax decreases rapidly, as sensible heat stored in the wax 

is transferred to the flowing heat transfer fluid. In this case, also, the wax nearer to the inner tube 

(Thermocouple 1 in this case), loses its heat energy faster than those at the periphery. The wax at 

the periphery loses their heat more uniformly than those nearer to the inner tube. 

 

Conclusion 

Paraffin wax is a good PCM for energy storage in latent heat storage system. It has a suitable 

transition temperature range of 50-60°C and a relatively high latent heat of 206 kJ/kg. In 

addition, it does not exhibit any sub-cooling. A simple tube-in-tube heat exchanger system can 

be used for energy storage with reasonable charging and discharging times. The melting was 

more at the top and nearer to the inner tube. The solidification was rapid at the point which was 

nearer to the inner tube carrying heat transfer fluid. The given arrangement can be used to store 

thermal energy in solar water heating application. The cost to incorporate the system is also very 

economical. 
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