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Analysis of Natural Convection Heat Transfer Characteristics in a Cylindrical Cavity with
Different Constant-Temperature Heat Sources
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[ Abstract]  The natural convection in the cross section of the circular casing cavity will greatly affect the heat transfer between
the pipes due to geometric constraints and flow coupling effects. It is of great scientific and engineering value to study its
mechanism. This study zeroes in on the natural convection heat transfer characteristics within a cylindrical cavity, examining
scenarios with varying numbers of circular heat sources. The overarching goal is to elucidate how the number of internal heat
sources impacts the natural convection flow and heat transfer characteristics, as well as to unravel the underlying mechanisms
governing these influences. Utilizing numerical simulation techniques, we conducted a comprehensive analysis of the
computational model, focusing on isotherms, the Nusselt number (Nu), the Rayleigh number (Ra), and the dimensionless
temperature (¢). Our findings reveal that as the Rayleigh number (Ra) escalates, the flow transitions from a single symmetrical
vortex dominated by viscous forces to a multi-vortex turbulent state propelled by buoyancy forces, with the heat transfer efficiency
soaring by a factor of 3.3. An increase in the number of internal heat sources prompts a linear upsurge in the average Nusselt
number. However, the concurrent rise in dimensionless temperature (6) exacerbates the unevenness of the temperature distribution.

Notably, at the cylindrical geometric vertex (90°), the sparsity of isotherms results in a diminished heat flux and a minimal Nusselt
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number. In stark contrast, the Nusselt number peaks at the geometric low point (270°). This research furnishes a robust theoretical

foundation for optimizing heat management systems. Particularly in contexts involving multiple heat sources and high Rayleigh

numbers, adjusting the number of internal heat sources emerges as an effective strategy to modulate the flow velocity distribution

and temperature field distribution, thereby enhancing fluid dynamic performance and heat transfer efficiency.
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