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Abstract: In this paper, a numerical study was carried out to optimize the light intensity distribution over the
photocatalytic surface of a NETmix reactor by examining the influence of five key parameters: irradiation angle, light
source power, arrangement type, number of sources, and the distance between the sources and the catalyst surface. The
exact geometry of the reactor was modeled using the Ray Optics module in COMSOL Multiphysics, and the light intensity
distribution was simulated for 25 different combinations of these parameters. Qualitative and quantitative results from
radiation contours and average light intensity showed that a hexagonal arrangement provides the most uniform light
distribution, while specific parameter values—including an angle of 100°, power of 10 W, square arrangement, 72 LEDs,
and a distance of 10 mm—produced the highest average irradiance of 899.9 W/m2. Analysis of the results indicated that
selecting the optimal combination of optical parameters plays a decisive role in enhancing photocatalytic performance;
optimizing only one variable without considering others will not yield satisfactory results. This study can serve as a
foundation for effective optical design in purification, synthesis, and photochemical processes by providing a
comprehensive numerical framework for analyzing light distribution in photocatalytic reactors.
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1. Photoactivity 12. Radiative Transfer Equation, RTE 22. Path-Dependent
2. SrTiO3 13. Discrete Ordinates Method, DOM 23. Shadow Zone
3. Conduction Band (CB) 14. Hamiltonian Ray Tracing 24. Tlluminated Surface
4. Valence Band (VB) 15. Monte Carlo 25. Borosilicate Glass
5. Band Gap 16. Finite Volume Method (FVM) 26. Stainless Steel
6. Photocatalysis 17. Runge—Kutta 27. Polished Surface
7. Degredation 18. Time-Stepping 28. Adaptive Time Stepping
8. Ultraviolet Light (UV Light) 19. Snell’s Law 29. Parallel Computing
9. Front-Side Illumination 20. Exponential Absorption Law 30. Beam Angle
10. Back-Side Illumination 21. Riemann sum 31. Irradiance
11. Mixing Units
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