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Abstract - Latent heat storage (LHS) of thermal energy is 
very much attractive and shows great potential concept in 
past few years.   A good design of LHS system with a proper 
phase change material (PCM) is required for the effective 
function of any heat transfer system. Thermal energy storage 
in the form of  latent heat, by using PCM have many good 
features such as high energy to density and process of heat 
transfer is isothermal in nature. The aim of the present 
numerical study is to analyze and visualize the phenomenon 
of heat transfer and melting characteristics of PCM in a 
closed vertical cylindrical container using CFD tool ANSYS 
18. The results are mainly focused in terms of temperature 
and time contours to melt the PCM. This study will be useful 
to the readers to understand the thermal behavior, melting 
time and amount of heat storage capacity of erythritol. 
Further this study can be useful to integrate with solar 
energy to provide the input heat which is required in melting 
process of PCM.  As a result, ultimately it is possible to store 
solar energy in terms of latent heat. 
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1. INTRODUCTION  

An uninterrupted emergent demand for utilizing 
renewable energy sources, increased shortage of fossil 
fuels and importance of decreasing emission, gives the 
driving force to the researchers to explore new technology 
and apparatus that can fulfil the demand commitment 
economically. Phase Change Materials (PCMs) are the 
capable materials for the purpose of thermal heat storage 
for the different thermal components and thermal systems 
by making design of heat exchanger simple and compact. 
PCMs are available at diverse melting temperature ranges 
which can be selected depend on the required working 
temperature and safety criteria of particular application [1-
7]. The technology of energy storage plays a principal role 
in energy preservation along with managing the mismatch 
between the demands and supply in case of solar energy. 

Hence in such scenario, the analysis and visualization using 
proper computational tool for observing the physical and 
thermal behaviour of system is important. CFD is excellent 
tool in this regard. This study mainly aims to visualize and 
analyze the thermal behaviour of erythritol during melting 
process in a closed vertical cylindrical container using CFD 
tool ANSYS FLUENT 18.1. 

The melting and solidification behaviour of erythritol was 
studied by Yifei Wang et al. [8]. They reported that, the 
melting process initiates through collecting the molten 
phase of erythritol from the top region to bottom region. 
Agyenim et al. [9] have experimentally investigated the 
thermal behaviour of an erythritol for the LiBr/H2O 
absorption cooling system for temperature range of 70°C- 
90°C. The study concludes erythritol melting time was 
more comparing to solidification time. Shatikian et al. [10] 
studied numerically the melting of RT25 PCM in a two 
dimensional and three dimension rectangular geometry. 
Rathod et al. [11] performed a parametric investigation for 
small system, the results shows that transient process 
depends on the geometric and thermal parameters. The 
result of analysis was presented in terms of comparison of 
Nusselt numbers and melt fraction with respect to Fourier 
and Stefan numbers. Shmueli et al. [12] investigated a 
numerical method for different combinations, using RT27 
as a PCM. The vertical cylindrical cavity was selected as 
geometry for this study. Estrazulas [13] numerically 
studied the melting and solidification behaviour of five 
different PCM with the same vertical cylindrical geometry. 
RT4, RT35, RT35HC, RT55 and RT82 were used as a PCM. 
In addition to this the temperature difference of 10, 20and 
30 K were considered. Oliveski and Del Col [14] have also 
reported for the study of numerical analysis of melting 
process in the rectangular geometry by using erythritol as 
a PCM, and temperature difference was considered as 10, 
15 and 20 K.  Bohrael et al. [15] investigated and obtained a 
two dimensional transient study of erythritol melting 
behaviour in a rectangular geometry, and analysis was 
focussed on effect of height on the melting process. 

Many authors namely Longeon et al. [16], Assis et al. [17] , 
Al-Abidi et al. [18] have fascinated on numerical study of 
paraffin melting process for different melting temperatures 
by using RT35, RT27, RT82 respectively. Raymundo et al. 
[19] have numerically studied the heat transfer and 
hydrodynamic characteristics of erythritol in vertical 
rectangular cavity with inner fins. 

2. CFD GEOMETRY 

The 3-D fluid zone modeled by using CFD -ANSYS 18. A 
three dimensional geometry of thermal energy storage 
system is a shown in Fig -1. It consists of a cylindrical tank 
which is fabricated with the SS304 material, and it is 
insulated with mineral wool for preventing heat losses from 
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the system. A copper tube folded in coil shape was used 
through which a heat transfer fluid (HTF) was circulated. To 
increase the heat transfer rate one more coil shaped 
winding made up of SS304 tube was placed in the tank.   14 
kg of erythritol was considered in the storage tank as a 
Phase change material according to the calculation of 
volume expansion during solid-liquid phase change. A hot 
air was used as a HTF which was circulated through the 
copper winding coils.  The dimensional detail of storage 
tank is given in Fig -2. The thermo-physical properties of 
PCM were considered from the literature [5-6].  Table-1. 
Shows the properties of PCM used in the present analysis. 

Table -1: Thermo-physical properties of pcm 

Physical Properties Value 

Melting point/Boiling point 117.7 ○C/390○C 

Heat of fusion 339.8 kJ kg—1 

Specific heat of PCM,  liquid Cpl 2.76 kJ kg—1 K—1 

Specific heat of PCM,  solid, Cps 1.38 kJ kg—1 K—1 

Thermal conductivity of PCM,  
liquid, kl 

0.326 W m—1 K—1 
(140 ○C) 

Thermal conductivity of PCM,  
solid, ks 

0.733 W m—1 K—1 
(20 ○C) 

Density of PCM,  liquid, dl 
1300 kg m—3 (140 

○C) 

Density of PCM,  solid, ds 1480 m—3 (20 ○C) 

 

 

Fig -1: CFD modeling of heat storage system 

 

Fig -2: Dimensional detail of heat storage tank 

3. CFD MESHING 

The geometry of present work shows 2D axis symmetry. 
Hence meshing was considered on the basis of symmetric 
condition. Simulation of melting process was carried out by 
considering the Navier-Stokes equations. Fine meshing was 
done to discrete the fluid domain by considering triangular 
elements. About 10501 nodes and 19640 elements were 
considered during meshing. The minimum size and 
maximum face size were considered as 1.0mm and 5.0mm 
respectively. The growth rate was taken as 1.10 and 
normal curvature was 10°. The following Fig -3 shows the 
meshing of the model. 

 

Fig -3: Meshing of the geometry 
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4. BOUNDRY CONDITIONS 

In order to simulate the temperature flow during PCM 
melting process, a constant air input temperature of 140○C 
was defined at the wall boundaries of the heat storage tank. 
The initial temperature of PCM was considered as room 
temperature. The method of simple scheme with least cell 
was used. The mushy zone constant effect was taken in to 
consideration considered. 

5. RESULT AND DISCUSSIONS 

A high resolution plane for visualizing the results with 
respect to time, and capturing the temperature contours 
were used. The ANSYS FLUENT post processor was used to 
analysis the melting process.  Maximum of forty six 
thousand iterations were considered for the study. 
Conduction heat transfer was taking place at the beginning 
and later on natural convection heat transfer leads the 
melting process. The Results found were having good 
agreement with the literature present on erythritol melting 
process [8]. Further in future work, the results of present 
simulation study will be compared with the experimental 
results. The results of transient temperature during PCM 
melting process is as shown in Fig -4. 

 

Fig -4: Contours of temperature during melting process 
of erythritol 

6. CONCLUSIONS 

The major intention of present study was to analyze and 
envision the 2D transient axis-symmetric CFD model   at 
the melting phase of erythritol in the closed vertical 
cylindrical container. The study was focused on, the time 
required to melt 14 kg of erythritol in the closed vertical 
cylindrical tank, when a constant input temperature of air 
(HTF) of 140○C was circulated to the tank through the coil 
shaped copper tubes. The major conclusions are as follows:  

1. The PCM was completely melted in 312 minutes. 

2. The total latent heat energy stored is 
6.494×105J/kg which can be utilized for 2 hrs. 

3. Hence simulation study was possible effectively. 
by using Computational Fluid Dynamics (CFD) 
with FLUENT code  

REFERENCES 

1. B. Zalba, J.M. Marin, L.F. Cabeza, H. Mehling, Review on 
thermal energy storage with phase change materials, 
heat transfer analysis and applications, Appl. Therm. 
Eng. 23, 3( 2003) 251–283. 
 

2. M.M. Farid, A.M. Khudhair, S.A.K. Razack, S. Al-Hallaj, A 
review on phase change energy storage: materials and 
applications, Energy Convers. Manage.45, 9–
10(2004)1597–1615. 
 

3. A. Abhat, Low temperature latent heat thermal energy 
storage: heat storage materials, Solar Energy 30 
(1983)313–332.    

4. Y. Zhang, G. Zhou, K. Lin, Q. Zhang, H. Di , Application of 
latent heat thermal energy storage in buildings: State-
of-the-art and outlook, Building and Environment, 42, 
6, (2007) 2197-2209.  

5. A.Sharma, V.V. Tyagi, C.R. Chen, D. Buddhi, Review on 
thermal energy storage with phase change materials 
and applications, Renewable  and Sustainable Energy 
Reviews, 13, 2(2009) 318-345.  

6. S. D. Sharma, H.Kitano, K. Sagra, phase change 
materials for low temperature solar thermal 
applications. Res. Rep. Fac. Eng. Mie Univ., 29 (2004) 
31- 64. 

7. S. D. Sharma, K. Sagra, Latent heat storage materials 
and systems:A Review, International Journal of Green 
Energ  ( 2005) 21-56. 

8. S. Cohen, Y. Marcus, Y. Migron, S. Dikstein, A. Shafran, 
Water sorption, binding and solubility of poly J. 
Chem.Soc. Faraday Trans (1993) 89, 3271.  

9. A. Kaizawa, N. Maruoka, A. Kawai, H. Kamano, T. 
Jozuka, T. Senda, T. Akiyama, Thermo physical and 
heat transfer properties of phase change material 
candidate for waste heat transportation system. Heat 
Mass Transf., 44(2007) 763–769. 

10. A.J. Lopes Jesus, S.C.C. Nunes, M. Ramos Silva, A. Matos 
Beja,  J.S.Redinha, Erythritol: Crystal growth from the 
melt. Int. J.Pharm., 388 (2010) 129–135. 

 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 01 | Jan 2019                   www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.211       |       ISO 9001:2008 Certified Journal       |     Page 1817 
 

11. A.Sari, R. Eroglu, A. Biçer, A. Karaipekli, Synthesis and 
Thermal Energy Storage Properties of Erythritol-
Tetrastearate and Erythritol      Tetrapalmitate. Chem. 
Eng. Technol., 34 (2011) 87–92. 

12. E.P.Ona, Y. Kojima, H.Matsuda, H. Hidaka, H. Kakiuchi, 
Latent Heat Storage Characteristics of  Erythritol-
Magnesium Chloride   Hexahydrate Mixtures. Asian 
Pac. Confed. Chem. Eng. Congr. Program Abstr., 
536(2004).                

13. C.Rathgeber, L. Miró, L.F.Cabeza, S.Hiebler, 
Measurement of enthalpy curves of phase change 
materials via SC and T-History: When are both 
methods needed to estimate the behaviour of the bulk 
material in applications? Thermochim. Acta, 
596(2014) 79–88. 

14. A. Shukla, D.Buddhi, R.L.Sawhney, Thermal cycling test 
of few selected inorganic and organic phase change 
materials. Renew.  Energy, 33(2008) 2606–2614. 

15. F. Agyenim, P. Eames, M. Smyth, Experimental study on 
the melting and solidification behaviour of a medium 
temperature phase change    storage material 
(Erythritol) system augmented with fins to power a 
LiBr/H2O absorption cooling system. Renew. Energy, 
36(2011) 108– 117. 

16. Anon. Manufacturer data sheet from Mitsubishi-
Kagaku Foods Corporation (2005). 

17. H. Kakuichi, M. Yamazaki, M. Yabe, S. Chihara, Y. 
Terunuma, Y. Sakata, A study of erythritol as phase 
change  material. In: Proceedings the 2nd workshop 
IEA annex 10, phase change materials and chemical 
reactions for thermal energy storage, Sofia, Bulgaria 
(1998) 11– 13. 

18. Yifei Wang, Liang Wang, Ningning Xie, Xipeng Lin, 
Haisheng Chen ‘Experimental study on the melting and 
Solidification behaviour of                     erythritol in a 
vertical shell-and-tube latent heat thermal storage 
unit”, International Journal of Heat and Mass Transfer 
99,(2016) 770–781. 

19. M. Longeon, A. Soupart, J.F. Fourmigue, A. Bruch, P. 
Marty, Experimental and numerical study of annular 
PCM storage in the presence   of  natural convection, 
Appl. Energy 112( 2013) 175–184. 

20. K.W. Ng, Z.X. Gong, A.S. Mujumdar, Heat transfer in free 
convection dominated melting of phase change 
Material in horizontal annulus, Int.Commun. Heat Mass 
Transfer 25, 5(1998) 631–640. 

 

21. A. Shukla, D. Buddhi,S.D. Sharma, K. Sagara, 
Accelerated thermal cycle test of erythritol for the 
latent heat storage  application. In:  Proceedings of the 
EM4 Indore workshop IEA ECES IA annex 17, Indore, 
India (2003) 21–24. 

 


