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Abstract: Real-time monitoring of flame states under microgravity conditions holds significant importance for
investigating combustion characteristics and enhancing spacecraft fire safety. So a reduced-order model (ROM)
combining Proper Orthogonal Decomposition (POD) and neural networks has been developed for microgravity
methane laminar diffusion flames. The model utilizes methane volume fraction in the fuel mixture and fuel flow
velocity at the nozzle exit as input parameters to enable real-time prediction of flame temperature fields and OH
radical concentration fields. Results demonstrate that the ROM achieves root mean square errors (RMSE) below
0.05 K for both temperature field reconstruction under training conditions and prediction under new operating con-
ditions, while maintaining RMSE values under 0.06 for OH concentration field prediction across both scenarios.
These findings confirm the model’s capability for precise real-time characterization of flame states in microgravity

environments.
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