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Abstract 

 

 

 

 
This thesis investigates the intensification of heat transfer in latent heat thermal energy 

storage (LHTES) systems using phase change materials (PCMs), with a focus on both experimental 

and numerical approaches. The study begins with a comprehensive literature review outlining the 

principles, classification, and applications of PCMs in areas such as thermal energy storage and 

electronic cooling. 

Experimental investigations examine the impact of tube positioning, system orientation, and 

multi-tube configurations using lauric acid as the PCM. Results show significant improvements in 

melting time and thermal performance, particularly when using bottom-positioned or horizontally-

aligned double tubes. 

A validated numerical model using the finite volume method further explores enhancement 

techniques under heat flux boundary conditions. The effects of fins, copper nanoparticles, and metal 

foams are assessed. Findings indicate that while metal foam and fin integration greatly enhance heat 

transfer, they can reduce the total latent heat storage capacity, highlighting the need for 

optimization. 

The study also explores PCM-based electronic cooling applications, demonstrating that fins 

and high-porosity metal foams provide efficient temperature control under varying heat fluxes. 

Nanoparticles improve thermal conductivity but show limited impact on melting rates at lower 

concentrations. 

Overall, the thesis contributes valuable insights into the design and optimization of PCM-

based systems, emphasizing the importance of geometric configurations and material 

enhancements. It concludes with recommendations for future research, including large-scale 

implementation and integration with smart energy systems to support sustainable thermal 

management solutions.  
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