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Abstract

To address the phenomenon of visually invisible flames in MILD (Moderate or Intense Low-Oxygen
Dilution) combustion, this paper proposes a method based on flame propagation speed to evaluate
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the reaction propagation speed of propane/hydrogen MILD combustion. By using Computational
Fluid Dynamics (CFD) simulations and CHEMKIN chemical Kinetic calculations, the spatial distribu-
tions of flow velocity, combustion reaction propagation speed, and the Damkdéhler number (Da)
were investigated for both MILD combustion and conventional flaming combustion at hydrogen
blending ratios (Fuz) ranging from 0% to 50%. This study improved the empirical formula for the
laminar flame speed of propane-hydrogen MILD combustion that its prediction error is within 10%.
The results reveal that Da remains at approximately 1 within the main reaction zone, and its spatial
distribution is predominantly governed by the characteristic flow time. This indicates that the
chemical timescale is comparable to the mixing timescale in MILD combustion. Unlike conventional
combustion, the turbulent flame speed within the main MILD reaction zone is lower than the local
flow velocity, and the turbulence enhancement factor is greater than 1 throughout the entire flow
field. These findings offer a new perspective for describing the establishment of flameless combus-
tion.
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Figure 1. Schematic diagram of the furnace structure and premixed burner dimensions [23]
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Figure 2. Verification of grid independence: (a) Temperature along the centerline; (b) Radial temperature at x =400 mm
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Figure 3. 2D axisymmetric mesh of the premixed combustion chamber
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Table 1. CFD inlet conditions setting
F 1L.CFD AOTREKE

Fr2 LHVmix (MJ/m3) Vtuel (m/s) Vox (m/s) [0)] P (kW)
0% 914 5.688 16.27 0.9 14.7
10% 83.34 6.238 16.24 0.9 14.7
20% 75.28 6.905 16.19 0.9 14.7
50% 51.10 10.18 16.01 0.9 14.7
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Figure 4. Comparison of CFD simulations and experimental measurements of premixed MILD combustion
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Figure 5. Mesh model using convex baffles
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Figure 6. Validation of the optimized flame velocity model inversion under different conditions (@, Frz, T, P)
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Table 2. Optimal fitting coefficients and equations
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Figure 7. Combustion temperature distribution inside the furnace
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Figure 8. Time distribution of the chemical characteristics time of MILD combustion
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Figure 9. The distribution of CFD flow characteristic time
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Figure 10. Comparison of Da between MILD combustion and traditional combustion
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