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ABSTRACT  

Using latent heat storage systems with phase change materials (PCM) is an effective way to store thermal 

energy, which has been of great interest in recent years. Using fins is one of the simplest and cheapest ways to 

increase heat transfer in PCMs and increase the performance of the storage system. Since the fin arrangement 

has a significant impact on the charging time of the PCM, the main goal of this study is to optimize the fin 

arrangement in the PCM chamber in a double-pipe heat exchanger in order to decrease the charging time, and 

thus increase the efficiency of the storage system. For this purpose, the governing equations, including 

conservation of mass, momentum, and energy in a finned double-pipe heat exchanger have been solved using 

ANSYS-Fluent software to investigate the thermal-hydraulic behavior of PCM. Also, to find the optimal fin 

arrangement and maximize the storage performance, the response surface method based on the central 

composite design have been implemented. The results obtained from the response surface with the reduced cubic 

equaltion show that compared to the case without fins, the charging time reduces by 19% using the uniform fin 

configuration, while reduces by 56% using the optimal fin arrangemen.  
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1. Introduction 

One of the basic challenges in PCMs, which has been 

as one of the interesting research topics, is the very low 

thermal conductivity of PCMs [1]. One of the suitable 

solutions is to use fins due to their significant 

advantages such as simple configuration, high surface 

area increase ratio, low manufacturing cost and easy 

installation [2]. In this regard, various studies have 

been done by researchers, especially in multi-tube heat 

exchangers. Singh et al. [3] investigated the use of 

annular fins to increase the charging efficiency of PCM 

in a tubular heat exchanger. In order to achieve the 

optimal performance of the storage system, 

optimization methods and algorithms [4, 5]  such as 

Response surface method (RSM) should be used.  

The main goal of this study is to find the optimal and 

non-uniform arrangement of annular fins in a double-

pipe heat exchanger in order to achieve the minimum 

storage time, in which the RSM has been used as the 

optimization method. Camparing the obtained results 

of optimal solution with the case of uniform fin 

arrangement and also with the case of no fin, indicates 

that the use of the optimal arrangement of fins has a 

significant effect on increasing the performance of the 

storage system. 

2. Mathematical modeling of Storage system 

In this study, a storage system consist of a vertical 

double-pipe heat exchanger with RT-35 PCM has been 

investigated, whose schematic is shown in Figure 1. In 

the inner pipe, hot water enters from above with 

constant velocity and temperature. To increase the 
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efficiency of energy storage in PCM, i.e., reducing the 

PCM charging time, four copper fins are located inside 

the PCM chamber, which are connected to the inner 

tube. Sine the arrangement of the fins greatly affects 

the charging time of the PCM, an optimization is 

carried out to achieve the best arrangement of fins. 

 

Figure 1. Schematic of storage system 

The governing equations of storage system, including 

conservation of mass, momentum and energy are 

expressed as fllows: 
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The above equations have been solve using ANSYS-

FLUENT commercial software in which the SIMPLE 

algorithm has been implemented to calculate the flow 

field, while the QUICK and Presto methods have been 

implemented to discretize the temperature and pressure 

fields, respectively. Moreover, the enthalpy-porosity 

approach has been applied to simulate the behavior of 

the PCM. 

3. Optimization of storage system 

The main goal of this study is to find the best fin 

arrangement inside the PCM chamber to achieve the 

lowest charging time, which can be expressed as 

follows: 

(5) 

 

   

   

1 1 2 3 4

1 2

3 4

Objective function:

Minimizing the charging time, , , ,

Constraints:

5 35 mm 5 35 mm

5 35 mm 5 35 mm

t L L L L

L L

L L



   

   

 

where, charging time (liquid fraction=1) is the 

objective function and four distances between the fins 

are the optimization variables. To solve the above 

optimization problem, response surace method (RSM) 

based on central composite design (CCD) has been 

applied in Design Expert software. Moreover the 

analysis of variance (ANOVA) has been used to ensure 

the accuracy of optimization results. 

4. Results and discussion 

Using CCD-based RSM, 25 simulations has been 

carried out for different values of fin distances, Eq. (5). 

Using reduced cubic model, the response surface 

relation has been obtained as follows: 
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(6) 

To better understanding the quality of the obtained 

response surface, the actual values obtained from the 

simulation are compared with the estimated values 

from the fitted curve equation (response surface) in 

Figure 2. As can be seen, the estimated values have a 

very small deviation from the actual values, which 

shows that this response surface can be confidently 

used for other calculations and optimization. 
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Figure 2. Comparing the actual and predicted values 
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Figure 3. Comparison of time variation of liquid fraction 

at different fin arrangements 

Using above response surface, the minimum value of 

charging time has been obtained with fin arrangement 

of L1=6.051, L2=17.109, L2=22.563, L4=34.142 mm. 

For a better understanding of the performance of the 

heat exchanger in PCM charging, the changes in the 

liquid fraction of the PCM chamber during the 

charging process are shown in Figure 3 for three 

different cases, including without fins, uniform, and 

optimal arrangement of fins. As can be seen, there is a 

great difference between the PCM charging time in the 

three cases. It is obseved that comparing to the case 

without fin, the charging time decreases 19% with 

uniform fins, while decreases 56% with optimal fin 

arrangement. 

Finally, the heat exchanger with the optimal fin 

arrangement is simulated and the liquid fraction 

contours at different times during the charging process 

are shown in Figure 4. As can be seen, the PCM is 

fully charged in 80 minutes and the liquid fraction 

reaches to 1. Moreover, since the PCM at bottom of the 

chamber is melted with lower speed, the first fin in 

optimal arrangement is located at the lower area of the 

PCM chamber to speed up the charging procees and 

minimze the charging time. 

5. Conclusion 

In this study, the optimal fin arrangement inside the 

PCM chamber in a double-pipe heat exchanger has 

been carried out to find the minimum cahrging time. 

The RSM based on CCD method has been consideresd 

as the optimization method. Using Design-Expert 

software, 25 different arrangements of fins were 

designed and the performance of storage system was

simulated for these arrangements using Ansys-Fluent 

software. Using ANOVA, a reduced cubic equation 

was obtained for the response surface. The results 

showed that minimum charging time of 4310 s could 

be obtained by L1=6.051, L2=17.109, L2=22.563, 

L4=34.142 mm. Moreover, comparing to the case with 

no fin, 19% and 56% reduction in charging times were 

achived using uniform and optimal fin arragnements, 

respectively. 
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Figure 4. Contours of liquid fraction with optimum fin 

arrangement 
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