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Advanced numerical modeling for accurate prediction
and optimization of catalytic converter performance

Abstract: This study develops a one-dimensional numerical model for catalytic
converters implemented in MATLAB, integrating complex reaction kinetics and
mass transfer to enhance predictive accuracy. Unlike simplified models, the proposed
framework employs multi-species reaction mechanisms, enabling a more precise
simulation of real converter behavior. Validation against experimental data
demonstrated reductions in the discrepancy of conversion efficiencies for methane,
carbon monoxide, and nitrogen oxide to 8.72%, 5.00%, and 12.6%, respectively. Key
operational parameters—including volumetric flow rate, converter length, and
oxygen concentration—significantly influence performance. Increasing the flow rate
from 0.05 to 1 m3/s at 500 K decreased conversion efficiency and raised light-off
temperature by over 80 K. Extending the converter length from 0.05 to 0.3 m at 550
K enhanced carbon monoxide and nitrogen oxide conversion efficiencies by more
than 40%. Higher oxygen concentrations improved methane and carbon monoxide
conversion but reduced nitrogen oxide reduction efficiency. Additionally, elevated
carbon monoxide levels in the exhaust increased the light-off temperatures of
methane and carbon monoxide while lowering that of nitrogen oxide. These findings
suggest that controlling carbon monoxide concentration and optimizing converter
length can substantially improve catalytic performance, though longer converters
may increase cost and pressure drop.
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