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This study aims to investigate the flow behavior, combustion characteristics, and flame
structure of a swirl burner using three-dimensional computational fluid dynamics (CFD)
simulations with Fluent 2021 R2. The combustion analysis was conducted at equivalence ratios
of 0.8, 1.0, and 1.2, and at Reynolds numbers of 2000, 4000, and 6000. The model simulated the
temperature distribution and flame trajectory, with validation against experimental data at burner
heights of 2D, 4D, 6D, 8D, and 10D, yielding an average error of 8.19%. The results indicate that
at a burner height of 2.2D, a Reynolds number of 6000, and an equivalence ratio of 1.2, the
maximum temperature reached 2330 K. Conversely, at a burner height of 7.0D, Reynolds numbers
of 4000 and 6000, and an equivalence ratio of 0.8, the minimum temperature recorded was
2200 K. Increasing the equivalence ratio to 1.0 and 1.2 resulted in higher flame temperatures and
improved flame stability, indicating more complete combustion. Meanwhile, increasing the
Reynolds number led to a more uniform temperature distribution, with greater heat propagation
towards the burner exit, reflecting enhanced combustion efficiency at higher flow velocities.
Regarding the Swirl Number, the highest values were observed at a burner height of 4.6D for
Reynolds numbers of 6000 at equivalence ratios of 0.8 and lowest of 7.0D for Reynolds number

of 2000 at equivalence ratio of 0.8 . In summary, the Swirl Number contributes
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to the enhancement of flow rotation and combustion by promoting better air-fuel mixing.
Additionally, it facilitates the induction of secondary air into the combustion zone at the burner
exit, further improving combustion performance. The developed CFD model demonstrates high
accuracy in replicating real combustion behavior, providing valuable insights for optimizing burner
performance. This CFD approach serves as a valuable tool for analyzing swirl combustion, offering
guidance for designing burners with improved thermal efficiency, reduced fuel consumption, and
potentially lower pollutant emissions. This research establishes a critical knowledge base for
optimizing industrial burner performance, benefiting both economic and environmental aspects

through more efficient combustion technologies.



