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Consequently, the model of fins-nanoPCM is 

considered the most efficient technique to 

achieve the PCM melting shortly (218 min).  

 

 

 

 

 

 

 

Fig. 8.  Liquid fraction vs. melting time for the PCM 

and nanoPCM in TTHX-internal longitudinal fins.  

5. CONCLUSION  
 

Heat transfer enhancement for a large triplex tube 

heat exchanger (TTHX) has been represented the 

biggest challenge in LHTES system. The results 

showed the thermal conductivity of simple PCM 

(0.2 W/m.K) could be enhanced to 25% by 

dispersing 10% alumina and the melting time is 

reduced to 12% as compared with the PCM only. 

Consequently, the model of fins-nanoPCM has 

been considered the most efficient technique 

based on both sides heating method to achieve the 

PCM melting shortly (218 min). However, the 

numerical results have validated and showed a 

good agreement with the PCM and nanoPCM 

experimentally. 

Nomenclature 
B Boltzmann constant (J/K) 
C mushy zone constant (kg/m3s) 
Cp specific heat (J/kg.K) 

gi gravity acceleration in the i-direction (m/s2) 

H enthalpy (J/kg) 

HTF heat transfer fluid                                                                                                                                                           
L latent heat fusion (J/kg) 

k thermal conductivity (W/m.K) 

p pressure (Pa) 

Tm melting temperature (oC or K) 
u velocity component (m/s) 
Si momentum source term in the i-direction (Pa/m) 
 fluid density (kg/m3) 

 liquid fraction 

β thermal expansion coefficient (1/K) 

ζ correction factor 

Acknowledgements 
 

The authors gratefully appreciate a financial 

support that provided by Solar Energy Research 

Institute(SERI),University Kebangsaan Malaysia 

(UKM), Malaysia. 

 

References 

[1]       H. Niyas, P. Muthukumar, Performance analysis of latent 
heat storage systems, International Journal of Scientific & 

Engineering Research 4 (2013) 2229-5518. 

[2]        Y.L. Jian, Numerical and experimental investigation for heat 
transfer in triplex concentric tube with phase change 

material for thermal energy storage, Solar Energy 32 

(2008) 85-977. 
[3]       F. Agyenim, P. Eames, M. Smyth, A comparison of heat 

transfer enhancement in a medium temperature thermal 

energy storage heat exchanger using fins, Solar Energy 83 
(2009) 1509-1520. 

[4]      S. Mat, A.A. Al-Abidi, K. Sopian, M.Y. Sulaiman, A.T. 

Mohammad, Enhance heat transfer for PCM melting in 
triplex tube with internal-external fins, Energy Conversion 

and Management 74 (2013) 223-236. 

[5]      A.A. Al-Abidi, S. Mat, K. Sopian, M.Y. Sulaiman, A.T. 
Mohammad, Heat transfer enhancement for PCM thermal 

energy storage in triplex tube heat exchanger, Heat 

Transfer Engineering, vol. 37, pp. 705-712, 2016. 
[6]         A.V. Arasu, A.S. Mujumdar, Numerical study on melting 

of paraffin wax with Al2O3 in a square enclosure, 

International Communications in Heat and Mass Transfer 
39 (2012) 8-16. 

[7]          J. Wang, H. Xie, Z. Guo, L. Guan, Y. Li, Improved thermal 

properties of paraffin wax by the addition of TiO2 
nanoparticles, Applied Thermal Engineering (2014) 1-7. 

 [8]    S.V. Patankar, Numerical heat transfer and fluid flow, 

McGraw Hill, New York, 1980. 
 [9]       A.A.R. Darzi, M. Farhadi, K. Sedighi, Numerical study of 

melting inside concentric and eccentric horizontal annulus, 

Appl Math Model 36 (2012) 4080-4086. 
[10]   A.D. Brent, V.R.Voller, K.J. Reid, Enthalpy-porosity 

technique for melting convection-diffusion phase change: 

application to the melting of a pure metal, Numer Heat 
Transfer 13 (1988) 297-318. 

[11]      C. Guo, W. Zhang, Numerical simulation and parametric 

study on new type of high temperature latent heat thermal 
energy storage system, Energy Convers Management 49 

(2008) 27-919. 

[12]     M.J. Hosseini, A.A. Ranjbar, K. Sedighi, M. Rahimi, A 
combined experimental and computational study on the 

melting behavior of a medium temperature phase change 

storage material inside shell and tube heat exchanger, 

International Communications in Heat and Mass Transfer 

39 (2012) 1416-1424. 
[13]    A.P. Sasmito, J.C. Kurnia, A.S. Mujumdar, Numerical 

evaluation of laminar heat transfer enhancement in 

nanofluid flow in coiled square tubes, Nanoscale Research 
Letters 6 (2011) 376. 

[14]       R.S. Vajjha, D.K. Das, PK. Namburu, Numerical study of 

fluid dynamic and heat transfer performance of Al2O3 and 
CuO nanofluids in the flat tubes of a radiator, International 

Journal of Heat Fluid Flow 31 (2010 ) 613-621. 

0

0.2

0.4

0.6

0.8

1

1.2

0 50 100 150 200 250 300

L
iq

u
id

 f
ra

ct
io

n

Time (min)

Internal fins-nanoPCM

Internal fins-PCM

Ammar M. Abdulateef et al.
International Journal of Theoretical and Applied Mechanics 

http://www.iaras.org/iaras/journals/ijtam

ISSN: 2367-8992 6 Volume 2, 2017




