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Table 1- Parameters used in boundary conditions

Description [units] Value
Inlet flow velocity magnitude [m/s] 0.45
Inlet flow Temperature [K] 300
Ambient pressure [KPa] 101
Wall thermal conductivity [W/mK] 20
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Figure 1- 3D physical model of the combustion chamber
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Table 2- Properties of silicon carbide [27]
Description [units] SiC
Pore density w [PPI] 10
Pore diameter D, [mm)] 1.34
Hydraulic diameter d;, [mm] 34
Cell size d. [mm] 3.1
Specific surface s [1 / m] 978
thermal conductivity [W/mK] 400
specific heat [J/KgK] 750
Density [gr/cm’] 3.1
Sy 31 JMiio!

3o 5l ligebsl (gly sl ool gun i 380 awain 4 olows (ol Al JLsle )58 sleaSl b Gl 0>
lizee (Slawbre aSis as jloolainl b o 51 Ml aslllas G ccalizes aSs sla g, Sy )0 (soue slo s jlvan s



Soojs el sl o

ol 00 o0ls Lt lass (los sbdJudgp ¥ USCS 50 (Jokaos YYTYAL 5 Jolos YV (Joloo FANVY) sl 00l ploxil
5 Fobe YN0 slaasiss Sles slo Jilig  aS |y col canslin Joloo VIAAD a4 o soylis Julows g 4y 520
addlas gl p (BB 85 Jokao VIAAD a5 020 cop)lis gguo50 () ils 42e BB Sligren Jolo YYTYYAL slaass
YYD ggome j0 aS el oo sl Gz a2 10 o e /YD (ST5 L e S ol jo s o &l sl

A3 oo S5 g gbasiluand sln Ty Joho

1340

—0— (912 cells
1320 —— 71995 cells

—— 332280 cells

1300 F

1280 |

Wall Temprature (K)

1260 F

1240

1220

0 2 4 6 8 10
Position (mm)
Figure 2- Checking network independence
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mNO [32] ENO [Current study] mN20 [32] EN20 [Current study]
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Figure 3- Modeling validation with reference article [32]
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Figure 4- Flow regimes over permeable porous media
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Figure 5- Comparison of methane and methane/ammonia combustion in porous and non-porous media on carbon dioxide
production
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Figure 6- Temperature distribution contour for methane/ammonia combustion in (a) non-porous media and (b) porous media
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Figure 8- Comparison of the effect of porosity on NOx and N,O production for methane/ammonia combustion
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Figure 9- Temperature contour in terms of equivalence ratio and porosity
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Figure 10- Temperature contour in terms of equivalence ratio and fuel ratio
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Figure 11- Temperature contour as a function of fuel ratio and porosity
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Figure 12- Carbon dioxide emission contour in terms of equivalence ratio and porosity
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Figure 13- Carbon dioxide emission contour in terms of equivalence ratio and fuel ratio
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Figure 14- Carbon dioxide emission contour as a function of fuel ratio and porosity
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Figure 15- Nitrogen oxides emission contour in terms of equivalence ratio and porosity
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Figure 16- Nitrogen oxides emission contour in terms of equivalence ratio and fuel ratio
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Figure 17- Nitrogen oxides emission contour as a function of fuel ratio and porosity
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(a) Sensitivity Analysis of CO2 emission
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(b) Sensitivity Analysis of Temperature
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Figure 18- Sensitivity analysis of (a) CO, emission, (b) temperature, (c) NOx emission in terms of porosity, fuel fraction, and
equivalence ratio
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The present study investigates the combustion of an ammonia/methane mixture in a porous medium and the
impact of various parameters on the stability and intensity of this process. The use of ammonia as a carbon-free
fuel presents challenges such as reduced flame temperature and speed, which may hinder effective heat transfer
in combustion systems. Additionally, the nitrogen present in ammonia can lead to increased production of
nitrogen oxides (NOx), which are major air pollutants. To address these issues, the use of a porous medium in
the combustion chamber can help improve combustion conditions and reduce pollutant emissions. In this study,
the effects of various parameters, such as the porosity of the porous medium (ranging from 0.5 to 1.0), the
ammonia fuel fraction in the ammonia/methane mixture (ranging from 0.1 to 0.9), and the fuel-to-air
equivalence ratio (ranging from 0.5 to 1.5), were numerically investigated and compared with experimental
data. The results show that variations in porosity and fuel ratio have significant effects on combustion
temperature, pollutant emissions, and flame stability. An increase in porosity enhances heat and mass transfer,
thereby improving flame stability and combustion temperature. Furthermore, increasing the methane fraction
in the fuel mixture raises the combustion temperature, while increasing the ammonia share can result in lower
temperature and higher NOx production. These findings highlight the importance of optimizing the porosity,
fuel ratio, and equivalence ratio simultaneously in combustion systems to reduce pollutants and enhance the
efficiency of combustion processes.

Keywords: Porous medium combustion, ammonia, methane, nitrogen oxide emissions, carbon dioxide
emissions
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