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1. Well-Stirred-Reactor (WSR)
2. Counterflow Diffusion Flame
3. Unconditional Flameless Combustion
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1. Sandia Flame-D
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Figure 1- Dimensions of non-premixed combustion chamber (dimensions are based on mm)
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Table 1- Boundary conditions of fuel and oxidant inlet flow in non-premixed combustion furnace

Non-premixed furnace with 10 kW thermal power Non-premixed furnace with 15.6 kW thermal power
Variable Magnitude Variable Magnitude Variable Magnitude Variable Magnitude
Uox (MV/s) 104 Tox (K) 773 Uox (M/s) 155 Tox (K) 773
Uruet (M/S) 24.4 T (K) 293 Uruer (M/S) 38.1 Te (K) 293

Tw (K) 1173 Tw (K) 1261
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Table 2- Values of absorption and emission coefficients of gases at different wavelengths at CO2 mass fractions of 0, 50 and 77
percentage

Wavelength (um)
CO2 Mass Fraction (%) 0-2.5 2.5-3 3-4 4-5 5-9 9-20
0 0 0.75 0 0.78 0 0.72
50 0 0.79 0 0.82 0 0.75
77 0 0.82 0 0.85 0 0.78
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1. Modified Eddy Dissipation Concept Model
2. Discrete Ordinate

3. Weighted Sum of Gray Gases Model
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Figure 2- Geometry and boundary conditions of counterflow diffusion flame
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Table 3- Conditions of numerical simulations and chemical calculations

No. WégrL?;ronr:al Oxidant Mass Fraction (%) No. Heat Loss (cal) Oxidant Mass Fraction (%)
1 Tw=1400 K Yn2=77% 5 Yc02=0% .Y02=23% 1 0 Yn2=85% 4 Yc02=0% Y02=15%
2 Tw=1600 K Yn2=77% 5 Yc02=0% .Y02=23% 2 25 Yn2=85% 4 Yc02=0% .Y02=15%
3 Insulation Yn2=77% 5 Yc02=0% .Y02=23% 3 5 Yn2=85% 4 Yc02=0% Y02=15%
4 Tw=1400 K Yn2=27% 4 Yc02=50% .Y02=23% 4 0 Yn2=35% 5 Yc02=50% .Y02=15%
5 Tw=1600 K Yn2=27% 4 Yc02=50% .Y02=23% 5 25 Yn2=35% 5 Yc02=50% .Y02=15%
6 Insulation Yn2=27% 4 Yc02=50% .Y02=23% 6 5 Yn2=35% 5 Yc02=50% .Y02=15%
7 Tw=1400 K Yn2=1% 5 Ycoa=77% Y02=22% 7 0 Yn2=8% 4 Yco2=77% Y02=15%
8 Tw=1600 K Yn2=1% 5 Ycoa=77% .Y 02=22% 8 25 Yn2=8% 4 Yco2=77% Y02=15%
9 Insulation Yn2=1% 5 Ycoa=77% .Y 02=22% 9 5 Yn2=8% 4 Yco2=77% Y02=15%
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Table 4- Considered criteria for categories of combustion regimes

Combustion Regime

Thermal Criteria for Combustion Regime
Identification

Heat Release Rate (HRR) Criteria for
Combustion Regime Identification

No Combustion (NC) AT<Tin<Tai HRR=0
Traditional Regime (TR) Tin<Tai<AT HRR>0 or HRR<0
High Temperature Regime (HTR) Tai<AT & Tai<Tin HRR>0 or HRR<0

Flameless Regime (FR) AT<Tai<Tin HRR>0
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Figure 3- Comparison of experimental and numerical data of temperarure and dry volume fractions of Oz and CO: at different axial
distances
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Figure 4- Validation of solver and chemical mechanism in the calculation with counterflow diffusion flow solver
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Figure 5- Temperature variations contour for different oxidizer compositions for wall: a) with temperature 1400 K, b) with
temperature 1600 K and c) insulation wall
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Figure 6- Streamlines in non-premixed combustion furnace
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Figure 7- Hydroxyl variation contour under different thermal condition of furnace wall and different mixtures of oxidant
compositions, a) wall with temperature 1400 K, b) wall with temperature 1600 K and c) insulation wall
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Table 5- Effective reactions and reaction numbers on sensitivity analysis of hydroxil species at different combustion regimes

Reaction No. Reaction Reaction No. Reaction
R2 0+H+M=0H+M R84 OH+H=H+H.0
R3 O+H;=H+0OH R85 20H+M2=H20.+M
R4 0+HO,=0H+0, R86 20H=0+H:0
R5 0+H:0.=0H+HO2 R87 OH+HO2=02+H.0
R11 0O+CH4 =0H+CHs R92 OH+CH2=H+CH20
R13 0+HCO=H+CO2 R97 OH+CHs=CHa(s)+H20
R15 0+CH0 =0H+HCO R98 OH+CH4=CHs+H.0
R16 0+CH20H=0H+CH20 R99 OH+CO=H+CO2
R33 H+O+M=HO+M R100 OH+HCO=H,0+CO
R35 H+02+H20=HO,+H.0 R120 HO;+CO=0H+CH30
R38 H+0,=0+0H R127 CH+H;0=H+CH:0
R41 2H+H.0=H2+H,0 R135 CH2+02=20H+H+CO
R43 H+OH+M=H;0+M R155 CH3+0,=0H+CH,0
R46 H+HO,=20H R167 02+HCO=HO,+CO
R61 H+CH;OH=0H+CH3 R287 OH+HO,=0,+H.0
R62 H+ CH20H =CHa(s)+H20 R288 OH+CHz=H,+CH20
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Figure 8- Sensitivity analysis of chemical reactions in different thermal conditions using of O2/CO2 and O2/N2 mixtures under
conventional combustion regime
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Figure 9- Sensitivity analysis of chemical reactions under flameless regime using of oxidizer compositions O2/CO: and O2/N: at
condition with heat loss and without heat loss
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Figure 10- Sensitivity analysis of chemical reactions for different oxidizer composition and thermal conditions under high
temperature regime
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Figure 11- Variation of combustion regimes under different thermal conditions and oxidizer composition; a) without heat loss with
oxidizer N2/Oz, b) with heat loss with oxidizer N2/O2, ¢) without heat loss with oxidizer CO2/O2 and d) without heat loss with oxidizer
CO2/0,
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Figure 12- Emission changes of carbon monoxide pollutants in different amounts of carbon dioxide injection and under different
wall thermal conditions
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Figure 13- Physical and chemical effects of carbon dioxide injection on carbon monoxide emission in conventional
combustion regime under different wall thermal conditions
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Figure 14- Sensitivity analysis of carbon monoxide pollution under high temperature regime for various oxidant composition
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Figure 15- Sensitivity analysis of carbon monoxide species in flameless regime under insulated wall condition and wall with heat loss
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Numerical study of the effect of wall thermal condition and oxidant
composition on the flame structure and combustion regime in non-
premixed combustion furnace
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The aim of this study is to investigate the effect of wall thermal conditions and oxidant composition on the
flame structure and map of combustion regimes. For this purpose, non-premixed combustion furnace of the
Lisbon University has been investigated using the open source OpenFoam software as well as chemical
calculations with the help of counter-flow diffusion flame solver. In numerical study, standard k-¢ turbulence
model, modified EDC combustion model, and discrete phase radiation model with the calculation of absorption
and emission coefficients at six different wavelengths have been used. The results of simulations and kinetic
calculations show that the change in oxidant composition and wall thermal conditions leads to changes in
reaction pathways. Replacement of CO, with N in the oxidant and presence of heat losses lead to fundamental
changes in flame structure. The presence of wall heat loss, especially in conventional and flameless combustion
regimes, leads to fundamental changes in the reaction pathways and alters flame structure, while the main
contribution to the changes of flame structure is different physical and chemical properties of CO; in
comparison with N at conventional and flameless regimes, respectively. In the high temperature combustion
regime, the contributions of physical and chemical effects are almost equal.

Keywords: Non-premixed Combustion, Combustion Regime, Oxidant Composition, Thermal Condition of
Wall, Flame Structure.
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