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Abstract of Thesis

Ammonia co-firing is increasingly recognized as a promising strategy for achieving carbon neutrality, as it not
only mitigates carbon emissions but also enhances the stability of ammonia combustion. However, controlling NO
emissions during ammonia co-combustion remains a significant challenge. In response to this issue, this study
presents a systematic numerical investigation of a 10-kW ammonia co-combustion furnace. A customized solver
was developed within the OpenFOAM framework to facilitate fast and accurate numerical analysis. Specifically,
this solver integrates a sparse analytical Jacobian approach using the SpeedCHEM library to enhance the
efficiency of the ordinary differential equation solver. Dynamic load balancing code was employed to evenly
distribute computational workloads across multiple processes, while further optimization was achieved through

the open multi-processing method and the local time-stepping scheme to maximize computational efficiency.

The effectiveness and robustness of the customized solver were first validated using Sandia flames D-F as
benchmarks. Results demonstrated that following the introduction of the integrated acceleration strategy, the
solver demonstrated improved strong scaling characteristics and achieved a speedup of up to 30 times in
two-dimensional simulations of Sandia flame D. The numerical predictions for temperature and species
distribution closely matched the experimental trends, confirming the prediction accuracy of the solver.
Furthermore, the two-dimensional validation results indicated that the application of the integrated acceleration
strategy significantly enhanced computational efficiency with minimal impact on predictive accuracy, laying the

foundation for subsequent three-dimensional numerical analysis.

A subsequent three-dimensional numerical study examined combustion characteristics in the 10-kW ammonia
co-combustion furnace under various secondary injection configurations and ammonia co-firing ratios. The
conjugate heat transfer model, accounting for solid and reacting flow regions, was employed to accurately
represent thermal boundary conditions at the furnace walls. Regarding the computational acceleration achieved
through the integrated acceleration strategy, while the computational acceleration was reduced due to increased
communication overhead, a speed-up of 7.06 times was still observed. However, as the size of the reaction
mechanism increased, the introduction of the SpeedCHEM chemistry solver facilitated more -effective
computational acceleration. Additionally, the numerical predictions closely replicated experimental trends,
effectively capturing NO emission characteristics within the ammonia co-combustion furnace.

Regarding the influence of different parameters in the secondary injection system, results indicate that at lower
ammonia co-firing ratios, with a constant total air ratio of 1.2, simply reducing the primary air ratio to enhance
fuel-rich combustion in the primary air zone does not result in a linear decrease in NO emissions. Instead, NO
emissions exhibit a V-shaped trend, reaching a minimum when the primary air ratio equals 0.6. Regarding the
influence of the air nozzle distance and the secondary nozzle diameter, results found that increasing their values
effectively promotes NO reduction reactions within the furnace, thereby reducing NO emissions.

Under different ammonia co-firing ratios, as the co-firing ratio increased from 0% to 100%, NO emissions at the
furnace outlet first increased and then decreased, peaking at a co-firing ratio of 50%. Fuel NO began to dominate
NO formation upon the introduction of ammonia for co-firing, while thermal NO became negligible at co-firing
ratios higher than 40%. Further analysis of the rate of production of NO revealed that at higher ammonia
co-firing ratios, ammonia acts both as a reducing agent and as a fuel for heat release. These findings provide

valuable insights for the development and industrial application of ammonia-based combustion systems.
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