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Abstract 

Phase Change Materials (PCM) exhibit a thermal storage property by their latent heat of 

fusion. These PCMs absorb heat energy from the source and they undergo a change of phase and 

release the stored heat energy to the application when required. This research work focuses on 

utilizing this property of PCMs to store heat energy from a steam source from a Parabolic Trough 

Collector, and the output from such a Thermal Energy Storage Unit could be used for steam 

cooking. This research work selects the optimum Phase Change Material to suit the heating 

application and virtually simulates the performance of various configurations of Thermal Storage 

heat exchangers and finds the optimum number of passes for steam flow using the Computational 

Fluid Dynamics (CFD) approach. 
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1. Introduction to Phase Change Materials 

With the depleting sources of energy, the day requires to optimally solar store the available 

energy and device technologies for the same. In another context, it would be also necessary to 

conserve excess energy to store them and to use the same when necessary. In an attempt to devise 

a system to store thermal energy, it is found that Phase Change Materials are an excellent source 

of storing thermal energy owing to their high heat of fusion [1]. Thermal Energy Storage can be 

done either as Sensible Heat Energy Storage or as latent energy storage [2]. Sensible Heat Energy 

is storage heat energy by creating a temperature difference. Phase Change Material falls under the 

category of Latent Heat Energy Storage. These phase change materials initially remain in their 

original phase. Whenever heat energy is applied to them, the molecules of the phase change 

materials move apart and hence there occurs a change of phase. There is no change in temperature 

and the heat energy is stored wholly by the Latent Heat property of the PCM. Whenever a lower 

energy entity is brought in contact with the PCM, this stored energy is transferred to the entity, 

thereby the PCM changing its phase. The PCM releases the stored energy to the entity and comes 

back to the original phase. This cycle repeats itself confined to the critical points of the Phase 

Change Material. While Organic Phase Change Materials suffer from major disadvantages like 

low thermal conductivity and flammability, Inorganic Phase Change Materials have high melting 

enthalpy and high density [4]. Hence inorganic phase change materials perform better than 

organic phase change materials for low-temperature applications. 

2. Physical Configuration of the Thermal Energy Storage system 

In this research work, steam from an array of Parabolic Trough Collectors has been used 

for steam cooking. An intermediate thermal storage system will tap the excess energy to charge 
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the phase change material and such heat energy stored can be used to generate steam even when 

the solar energy source is not available. This process can be performed daily by charging and 

discharging the PCM, thereby utilizing the steam for cooking purposes. The Physical 

Configuration of the system is as shown in Figure 1. 

 

 

 

 

 

 

 

 

Figure 1. Physical Configuration of the TES system 

 

3. Selection of Phase Change Material for TES system 

The major requirements that should be considered in selecting a PCM for the TES system are 

as follows: 

1. The PCM must have high energy density. 

2. There must not be any significant change in volume inside the storage unit during Phase 

Change. 

3. It must not be flammable and must be intoxic. 

4. It must have a high Latent Heat of Fusion. 

5. The melting point of the Phase Change Material should be in the desired temperature 

range [4] 

6. Long term chemical stability [4] 

7. PCM must be economically feasible. 

The steam from the PTC will be about 1500C and hence the melting point of the Phase 

Change Material must be around 1300C. Hence by taking into consideration the requirements, the 

following PCMs were shortlisted as listed in Table 1. 

Table 1. Shortlisted Phase Change Materials 

Phase Change Material Melting Point (0C) Latent Heat of Fusion ( k J/kg) 

LiNO3–KNO3 [6] 133 150 

Erythritol 132 339.8 

KNO3–NaNO2 [6] 141 97 

Cross-linked HDPE [7] 126-146 167-201 

NaC2H3O2.3H2O [7] 137 172 
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Erythritol has been chosen as the Phase Change Material for this application. VIKOR 

Algorithm [8] has been adopted as the appropriate method to prioritize and evaluate Phase Change 

Materials. Yi Wang et al [8] has compared many algorithms (TOPSIS, ANP, DEMATEL, 

VIKOR) and has concluded that VIKOR would best suit PCM Selection. The scheme of operation 

of the VIKOR Algorithm is as shown in Figure 2. 

 

Figure 2. Schematic of VIKOR Algorithm for selection of PCM 

The requirement of heat for steam cooking application has been estimated to be 

200MJ/day and hence the TES unit must have a capacity of storing 200MJ of heat/day. The latent 

heat of fusion of erythritol being 339.5 kJ/kg. Hence the quantity of erythritol required to store 

200MJ of heat is 590kg. 

4. Design of various configurations 

Various configurations of the TES system were designed and a CFD Analysis was done. 

Various configurations that were taken up for analysis are shown in Fig.3(a)- 3(i) 

 

Fig.3 (a) Single Pass Configuration 

Selecting the Parameters for Analysis (Eg. Temperature, Latent Heat. Density,etc)

Assigning  Relative Weights (RW) to parameters

Calculation of Normalized Matrix from the RW Matrix

Input of various PCMs considered and their properties

Computation of Normalized PCM Matrix

Calculation of VIKOR Index

Selection of PCM based on VIKOR Index
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                          Fig. 3(b)Two Pass          Fig. 3(c)Three Pass                     Fig. 3(d)Four Pass 

 

Fig. 3(e)Star Pass                                            Fig. 3(f)Lobe Pass 

 

Fig. 3(g) Bent Tube         Fig. 3(h) Helical Pass            Fig. 3(i) Multi bent 
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CFD Analysis was done for various configurations and the charging time for each 

configuration was estimated. The temperature contours at a fully charged condition are as shown 

in Fig.4(a) – 4(i) for various configurations.  

5. Temperature contour of various configuration at fully charged state 

A Computational Fluid Dynamics (CFD) analysis has been performed using ANSYS 

FLUENT 15.0 facility. The boundary conditions that were applied for the simulations are shown 

in Table.2. FLUENT was chosen for analysis as it is having excellent turbulence modeling 

phenomena and also is best suitable whenever transition analysis has to be modeled. Since PCMs 

also involve transition conditions, FLUENT was chosen to be suitable. The temperature contour at 

fully charged conditions is shown in Fig.4(a) – 4(i) 

Table 2. Boundary conditions for CFD Analysis 

Heat Transfer Boundary Condition 

• Inlet Steam Temperature specified (423 K). 

• Heat Transfer Coefficient Specified. 

• Interface Coupling assured. 

Phase Change Material Boundary 

Conditions 

• Solidification and Melting Module Used. 

• Phase Change Temperature Specified. 

• Material Properties provided. 

Steam Flow Boundary Conditions 
•  K – Epsilon model was used. 

•  Re- Normalization Group (RNG) Adopted 

Transient Boundary Conditions 
• Adaptive Time Stepping Method Applied 

• Standard Initialization (Single Inlet) 

 

` 

Fig. 4(a) Single Pass 
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Fig. 4(b) Two-Pass 

 

Fig. 4(c) Three Pass 

 

Fig. 4(d) Four Pass 

 

Fig. 4(e) Lobe Pass 
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Fig. 4(f) Bent Pass 

 

Fig. 4(g) Helical Pass 

 

Fig. 4(h ) Multiple Bent Pass 
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Fig. 4(i) Star Pass 

 

6. Selection of suitable configuration for TES system 

From various analyses, the charging time for each configuration was estimated. The 

charging time for various configurations is shown in Figure 5. 

 

Figure 5. Results for Charging Time for Various Configurations 

It can be inferred that the four-pass configuration has the minimum charging time and 

hence it can be concluded that multipass configurations would suit the case. Also, this 

configuration has ease of fabrication, and also the pressure drop is also satisfactory 
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7. Experimental evaluation of the prototype 

 

 

 

 

 

 

 

 

 

 

Figure 6. SOLIDWORKS Model of the Prototype 

A scaled-down prototype was fabricated to store 1.3 kJ of heat through 4 kg of Phase 

Change Material (Erythritol). The SOLIDWORKS model of the prototype is shown in Fig.6 The 

Prototype was experimented with to analyze the heat-storing capacity and the charging 

phenomena. Four pass Configuration was chosen to owe to its betterness in performance in CFD 

simulations.  

It is of necessity that the time taken by the system to completely melt the PCM (charging 

time) was estimated.  The charging time of the PCM must be preferably lower. The charging time 

of the prototype was experimentally found to be 6 minutes. A CFD transient analysis was also 

performed to simulate the charging time. The charging time was found to be 4 minutes using CFD 

Approach. Analytically the charging time was computed to be 2.93 minutes. An energy balance 

for the prototype was also performed that estimated an energy loss of nearly 3%.  The simulation 

result for the prototype at a fully charged condition is shown in Fig.7.The fabricated prototype is 

shown in Figure8 and Figure 9. 

 

 

 

 

 

 

 

 

Figure 7. Temperature Contour of Prototype at fully charged state 
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Figure 8. Fabricated Prototype without insulation 

 

Figure 9. Fabricated Prototype with insulation 

8.Conclusion 

This research work focuses on designing and analyzing a thermal energy storage system that 

would be suitable for steam cooking applications. Various configurations were analyzed and the 

major findings are as follows: 

▷ Erythritol has been identified to be the suitable PCM for Steam Cooking applications 

▷ Various Configurations have been compared and Multiple Tube Configuration is found 

promising. 
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▷ The charging time of PCM varies exponentially as the number of tubes increases in 

Multiple Tube Configuration. 

▷ The charging time of PCM depends upon the Velocity of HTF, Overall Heat Transfer 

Coefficient, and Latent Heat of Material. 
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