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Abstract 

This study presents a numerical investigation into the thermal behavior of a passive 

device sizes shrink, ensuring reliable heat dissipation becomes critical for performance, lifespan, 

and safety. Conventional air-cooled heat sinks 

phase heat transfer devices capable of transferring thermal energy over relatively long 

distances with minimal temperature drop. By integrating them into finned heat sink structures

dimensional conjugate 

heat transfer model that captures the conduction within solid components and the convection to the 

surrounding air. 

This research aims to bridge the knowledge 
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in this study is a vertically oriented finned heat sink incorporating 

multiple embedded heat pipes. This design is commonly employed in high-performance electronics 

to manage 

fin has a thickness of 1.2 mm and a height of 50 mm. The fin spacing is set at 3 

mm, a value chosen based on the balance between minimizing air flow resistance and maximizing 

surface area for convective heat transfer (Zhang et al., 2021). The base plate is 6 m
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Thermal resistance reached its minimum at a fin spacing of 3 mm. Narrower spacing (2 mm) 

restricted airflow, increasing thermal buildup, while wider spacing (4 mm) reduced surface area, 

lowering convective effectiveness. Similarly, increasing the number of heat pipes from 2 to 6 

improved heat spreading, but with diminishing returns beyond 4 pipes due to saturation of 

conductive pathways. 

 

4.4 Airflow and Convective Behavior 

Figure 4 shows the velocity vector plot around the heat sink under natural convection. As heated air 

rose from the fin surfaces, cooler ambient air was drawn from below, creating a buoyancy-driven 

loop. 
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This confirms that the heat sink geometry supported effective passive cooling, and natural 

convection was sufficient for moderate heat loads. 

 

4.5 Performance Summary 

From the results: 

• Heat pipes significantly enhance thermal performance, particularly at higher loads. 

• Fin spacing of ~3 mm optimizes airflow and heat dissipation balance. 

• A configuration with 4 heat pipes offers the best trade-off between performance and design 

complexity. 

 

The results validate the suitability of heat pipe-enhanced sinks in compact electronics where space 

and reliability are critical. 

 

5. Conclusion and Future Work 

The present numerical investigation explored 

. Optimal fin spacing (approximately 3 mm) and an intermediate number of heat 

pipes (around four) yielded the best performance-to-complexity ratio. 

The airflow analysis also confirmed that the natural convection induced by the heat sink’s geometric 

design was sufficient to sustain cooling for moderate heat fluxes. Therefore, this passive cooling 

strategy offers an effective, reliable solution for thermal management in compact and finless 

electronic devices. 
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