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The fragmentary and inconsistent nature of solar radiation can be overcome by thermal 
energy storage. To shorten the energy supply and demand gap, latent heat storage 
systems can be employed due to their high thermal storage density, phase change 
material available at wide range of temperatures, high latent heat capacity and lower 
vapour pressure. Widespread practical utilisation of latent heat storage system is limited 
because of low thermal conductivity of phase change material. This can be overcome 
by use of a geometrical configuration of heat exchanger. This article is focused on 
experimental investigation of a shell-and-tube exchanger with longitudinal fins based 
latent heat storage systems coupled with flat plate solar collector.

Outline of research 
An experimental setup comprised of a flat plate solar collector with solar stimulator, latent heat storage 
tank, circulation centrifugal pump, a flow meter, connection to building water tank and data acquisition 
unit attached to a computer. Commercial grade paraffin was added to the shell, and water was used as a 
heat transfer fluid, run through the tubes.  Extremely hot water from the solar collector was passed through 
the latent heat storage unit, where it transferred its thermal energy to the phase change material.  Control 
valves were installed to control the flow rate and direction of the heat transfer fluid.  A data acquisition 
system was used to record the temperature and volume flow rate reading, the results of which were 
transferred to a computer.

The thermal performance of the latent heat storage unit was examined by conducting charging cycles at 
various inlet temperatures and volume flow rates of heat transfer fluid. 

Key findings and impact
• The results show identical phase transition time for all three positions for all experiments thus 

assuring reliability and repeatability of results.

• Transient temperature distribution at various position and zones in the latent heat storage unit varied 
and were influenced by subsequent increases in temperature due to conduction heat transfer, thus 
leading to phase transition of the phase change material from solid to liquid.
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The effective surface area for heat transfer and overall thermal conductivity is 
increased by introducing longitudinal fins in latent heat storage unit. This ensures 
higher thermal storage capacity and higher phase transition rate. 

• The vertical orientation of shell and tube heat exchanger melts the phase change 
material quickly because of natural convection and upward rise of high temperature 
liquid phase change material molecules. 

• The increase in inlet temperature enhances temperature gradient across the entire 
latent heat storage unit which leads to significant increase in phase transition rate 
and ultimately increase in mean power. 

• An increase in volume flow rate has a relatively moderate influence on thermal 
performance due to enhancement of forced convection coefficient in tubes leading to 
improvement in heat transfer.

• The latent heat storage unit is charged completely within 3 hours thus providing 
time, spatial and financial benefits in a range of household and industrial applications. 

Conclusion
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• Experimental tests were performed at four inlet temperatures of heat transfer fluid and at constant 
volume flow rate. As the inlet temperature of heat transfer fluid increased, the temperature gradient 
between the phase change material and heat transfer fluid changed, causing higher heat transfer. This 
ensured rapid phase transition change of the phase change material.

• At higher constant inlet temperature, the occupancy period for the heat transfer fluid in tubes is 
reduced by increasing volume flow rate. 

• Mean power is highly influenced by charging time, volume flow rate and inlet temperature of heat 
transfer fluid.

• This novel and simple way of assembling several latent heat storage units in parallel sequence can be 
useful to fulfill a broad range of domestic and commercial energy demands.
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