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Abstract

Phase change materials (PCMs) generally suffer from low thermal conductivity which limits

their application in thermal storage systems. The effective thermal conductivity may be
improved by immersing fins, nanoparticles, porous medium, multiple PCMs, heat pipes or some
combined techniques. The objective of this study is to investigate the thermal performance of
graphene nanoplatelets (GNPs) dispersed in small quantities in 1-tetradecanol (CisH300) as
PCM. This nano-enhanced PCM (NPCM) is placed in the annular space of a shell and tube for
solar thermal energy storage. A hybrid porous-foam/nanoparticles enhancement technique was
used to improve the thermal performance of the shell and tube system. The numerical
simulations performed using a numerical model based on the enthalpy-porosity and the control
volume methods. The numerical model has been successfully validated by comparison with data
available in the literature. The numerical results showed that the higher the GNPs concentration,
the lower is the stored energy. The higher the GNPs concentration the shorter is the discharging
time. But, during the charging process, though the reduction in the melting time by 9.5% for
GNPs concentration increase from 0 to 1 wt%, the melting time increased in contrast by 10.5%
for GNPs content increased from 1 to 3 wt%. For the GNPs concentration of 3 wt%, the heat
transfer rate enhancement was limited by an undesirable increase in the dynamic viscosity of the
melt which led to weak buoyancy driven convection and thus a longer charging time was
obtained. The GNPs concentration of 1 wt% showed better thermal performance than that of 3
wt% concentration. Furthermore, when porous foam was used with NPCM, the melting and
solidification time reduced up to 86% and 94%, respectively. These findings are can contribute

to designing efficient thermal storage units.

Keywords: PCM, nanoparticles, metal foam, shell and tube, heat transfer enhancement, melting

and solidification, latent heat, thermal energy storage.
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sy BARN (AT Basg 2 NPCM ol dase du) 2.4
Al gisall 1.2.4
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sl bl (@l Jeall muay GLs daws 53L) ae @AY Gy G plall JEl e e
Jaee (aleadl ) sl Slawall bl 3S30 535 NPCM dabs slall Jll e Gass
GOl dasll muay diag gl Glaseall dawd ¢85 (e d23U Al da g3l e skl i
L Glsil) A o g cliinia ol

Aoy S50 8 lgd iy L (15.4) <Al & (%3 5 1 0) @il S GLod iy auy &
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Glageall Il (gginall e daslil) ddled) dag il o pshall a5 Jaee (A (aleadl ) 525
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