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Abstract
Light-Emitting Diodes (LEDs) have emerged as one of the most efficient and cost-effective

lighting solutions in current electro-optical applications. Thermally controlled LEDs offer a
longer lifespan and a significantly lower danger of overheating failure. The most economical,
compact, and effective cooling system must be developed to improve heat dissipation. The
performance of LEDs for high-wattage applications has been the subject of extensive
investigation. The use of LEDs in high-wattage practical applications is the main focus of the
current work. The hybridization of nano-additives to get synergic effect of individual one is
needed to be investigated. Researchers have examined high-wattage LEDs rated at 100 W, 200
W, and 400 W for use on streets, in stadiums, and on high-mast towers, respectively. A two-layer
cylindrical copper heat pipe with a screen-mesh wick structure has been designed and fabricated
to cool LEDs. Dispersed Cu and SiO: nanoparticles in DI water have been used as the working

medium for a heat pipe.
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Working medium categories, filling proportions, and LED wattage were all considered as input
variables during the experiment. Variables generated include the condenser-evaporator temperature
differential, thermal resistance, energy consumption, Effective Thermal Conductivity (ETC), and
the overall Heat Transfer Coefficient (HTC). A specific experimental setup with the necessary
measurement and control equipment has been developed for performance analysis. In comparison
to Deionized (DI) water, Cu/DI water, Si0./DI water, Cu: SiO: (25:75)/DI water, and Cu: SiO:
(50:50)/DI water for 100 W LED had shown an exceptional result, the Cu: SiO2 (75:25)/DI water
filled heat pipe taking into consideration the LEDs' 60% filling ratio executed 25.5%, 12.2%,

15.3%, 14.5%, and 3.7% lower temperature difference respectively.

This PhD Thesis will help in

The thesis contributes both academically and practically by advancing the understanding of high-
powered LED cooling through copper heat pipes integrated with hybrid nanofluids, offering
experimental validation of enhanced thermal performance. The work not only strengthens the
scientific foundation for sustainable lighting technologies but also demonstrates techno-economic
feasibility for large-scale applications such as industrial, street, and stadium illumination. By
improving energy efficiency, extending LED lifespan, and reducing environmental impact, the
research provides a valuable bridge between laboratory innovation and real-world implementation,

while opening pathways for future studies in adaptive and hybrid cooling strategies.
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