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established to address energy-matching and utilization-efficiency challenges between
exothermic ammonia-hydrogen combustion and endothermic ammonia catalytic
decomposition. Additionally, a method for evaluating energy-utilization efficiency is developed.
In the model, the combustion zone adopts the ammonia/hydrogen/air Duynslaegher gas-
phase reaction mechanism, while the decomposition zone is modeled as a porous-medium
reaction zone packed with an Ni-Pt/Al,O, catalyst. The model accounts for combustion heat
release, ammonia-decomposition heat absorption, component transport, radiative heat
transfer, and heat transfer between the two zones. The prediction reliability of the model for
the coupled ammonia-decomposition process is validated against experimental data from the
literature. On this basis, the effects of the decomposition-and combustion-zone inlet velocities,
as well as the ratio of the size of the combustion zone to that of the decomposition zone, on
the temperature-field distribution, ammonia-decomposition rate, combustion-outlet
temperature, and energy-distribution efficiency are systematically investigated. Results show
that integrating ammonia decomposition reconstructs the combustion temperature field,
suppressing the peak temperature by 100—150 K while maintaining a radial decomposition-
temperature difference at 4.3—4.4 K. This thermal leveling mitigates localized high-
temperature concentrations and reduces the thermal load on the reactor material. When the
combustion inlet velocity is kept constant while the decomposition inlet velocity increases from
0.25 to 1.0 m/s, the ammonia-decomposition rate decreases from 99.98% to 66.24%, and the
combustion outlet temperature decreases from 1053 to 984 K. However, the decreased heat
released by the exhaust gas and the conversion of more combustion heat into ammonia-
decomposition heat absorption allow the system's energy-utilization efficiency to follow a trend
of first increasing and then decreasing, peaking at approximately 22% gain. When the
decomposition inlet velocity is fixed and the combustion inlet velocity increases from 0.1 to 0.5
m/s, the ammonia-decomposition rate increases from 66.24% to 99.99% but surges the
combustion outlet temperature to 1614 K. The excess heat input is mainly discharged with the
exhaust gas, causing a decrease in the effective energy-utilization proportion. The size-ratio
analysis indicates that increasing the combustion-to-decomposition size ratio from 1 2 to 2:
1 shortens the decomposition-zone residence time from 4.00 to 1.00 s while increasing the
gas hourly space velocity from 900 to 3600 h™'. Consequently, the ammonia-decomposition
rate decreases from 96% to 66%, establishing residence-time reduction as the dominant
factor governing the decline in decomposition performance. The established multi-index
evaluation framework elucidates the energy-conversion dynamics between combustion heat
supply, ammonia-decomposition heat absorption, and hydrogen chemical energy output,
providing a reference for the structural optimization of coupled ammonia-hydrogen reactors.
Keywords: ammonia-hydrogen energy storage; ammonia-hydrogen combustion; ammonia
decomposition for hydrogen production; combustion-decomposition coupling;
energy utilization rate
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Fig. 1 Geometric simplification and computational
domain illustration of the ammonia combustion-
decomposition device: (a) Geometric simplification
process; (b) Computational domain and boundary
conditions
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Fig. 6 The influence of the inlet velocity of the decomposition zone on the ammonia decomposition rate, the
combustion outlet temperature, the energy distribution and the efficiency
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Fig. 7 The influence of the inlet velocity of the combustion zone on the ammonia decomposition rate, the
combustion outlet temperature, the energy distribution and the efficiency
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Table 4 Flow characteristics and ammonia decomposition performance parameters of the decomposition zone

under different size ratios
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