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Table 1- Properties of porous matrices

Parameter Dimension | Al,03 | ZrO:

Special heat capacity C, [Wkgk] | 3987 1200

Density p [kg/m3] 3750 | 4500

Thermal conductivity at 20°C W/mK 20-30 | 10-15
Thermal conductivity at 1000°C W/mK 5-6 2-3
Porosity () - 0.8 0.8
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Figure 2- Gas phase temperature distribution on the centerline of the burner
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Figure 3- Solid phase temperature distribution on the centerline of the burner
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Figure 5- Comparison of gas and solid temperature diagram for ammonia-methane fuel on burner centerline with
experimental results of Rocha et al [17]
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Table 2- Different states of porosity density of layers

states porosity density of upper layer (ppi) porosity density of the downstream layer (ppi)
1 10 10
2 10 20
3 20 30
4 40 40
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Table 3- Comparison of some quantities in different situations of Table 2

states Temax(K) Ts,max(K) Tgmax(K)- Tsmax(K) Teout(K) flame position(m)
1 2149.2 1559.36 589.64 1821.22 0.0288
2 2194.47 1942.51 251.96 1735 0.0065
3 2196.45 1951.76 244.69 1724.49 0.005
4 2209.52 1965.86 243.66 1661.57 0.0046
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Figure 6- Gas phase temperature diagram at different porosity density
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Figure 7- Solid phase temperature diagram at different porosity density

Ciliseo Jolss K 50 dols B Lo Hloges -V JSi

SS9 Se g el S g o o3l o o] e 4 Ceal s oz JSa Jobiie bumme (JB a3l @l
538 sled @i slayally o5 Jos 555 2 0] P PG [y 1 E D P ST i TR CELYE W
g 1Y M dsa g S g bl (53955 Sty g P A= (65)] @ S 50 lie ~Sligel S5l Jrde j3 5 sl

dasce oy ¥ Uiz ek cilises cl> a NH3= 7V Slogel duo o

ay Jodss diliss glocdls —F Jguo

Table 4- Different states of porosity of layers
states porosity of upper layer (£) porosity of the downstream layer (g)
1 0.9 0.9
2 0.7 0.9
3 0.7 0.7
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Figure 8- Gas phase temperature diagram at different porosity
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Figure 10- Contour of mole fraction of species and gas temperature and velocity in a: porosity percentage 0.7 b: porosity
percentage 0.9
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Table 5- Comparison of some quantities in different states of inlet

as temperature and equivalence ratio of 0.7

states Temax(K) | Tsmax(K) T max(K)- Ts,max(K) Tgout(K) flame position(m) Vinax
300K 1980 1600 380 1700 0.029 1.66
400 K 2000 1770 230 1680 0.0022 1.26
500 K 2030 1800 230 1650 0.0019 1.05
Y 6l P o 9 (69959 3 slod Lalizo WYl ;0 LS 3l pax Gamlio —F Jouo
Table 6- Comparison of some quantities in different states of inlet gas temperature and equivalence ratio of 1
states Tgmax(K) T max(K) Tgmax(K)- Tsmax(K) Tgout(K) flame position(m) Vmax
300K 2180 1870 310 1870 0.009 1.9
400 K 2190 1900 290 1850 0.0019 1.49
500 K 2205 2000 205 1800 0.0011 1.16
VY 655! o Camnd 9 (6999 HB slod calizo WY )0 eawS jI pam gamslio -V Jouo
Table 7-Comparison of some quantities in different states of inlet gas temperature and equivalence ratio of 1.1
states Tgmax(K) Ts,max(K) Tgmax(K)- Tsmax(K) Ty 0ut(K) flame position(m) Vimax
300K 2190 1980 210 1900 0.0025 22
400 K 2200 2000 200 1860 0.0018 1.5
500 K 2250 2050 200 1810 0.001 1.18
2400 :
I Interface
2200 F i
2000 %
1800 -
16004 *‘
1400 \
~~ ‘
é, 1200 ;
1000 1
w00 l# L= T in¢=07,300K
b T, in¢=0.7,400K
600 L T in¢=07,500K
1 T in¢=0.7,300K
4004 : T, in ¢=0.7, 400 K
200 kb Lo T, in¢=0.7, 500 K
L L L \i L L L
0 0 0.01 0.02 003 004 005 006 0.07 008
X(m)

Figure 11 - Gas and solid phases temperature diagrams in equivalence ratio=0.7
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Figure 12- Gas and solid phases temperature diagrams in equivalence ratio=1
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Figure 13- Gas and solid phases temperature diagrams in equivalence ratio=1.1
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The purpose of this study is to investigate the effect of geometric properties of porosity, including the pore
density ranging 10-40 ppi, percentage of porosity 0.7 and 0.9, and the effect of air preheating in the range of
300-500 K at three different equivalence ratios of 0.7, 1, 1.1 on the temperature distribution and burner
stability of a porous medium in ammonia-methane fuel. For this purpose, finite volume method and SIMPLE
algorithm were used in Fluent 22 software and a chemical kinetics including 69 species and 389 reactions.
According to the relation of pore density and porosity with volumetric heat transfer coefficient, changes in
two first parameters lead changes in heat transfer coefficient. The results showed that the temperature
difference between the gas and solid phases decreases as pore density increases. At the density of 10 ppi, the
highest gas temperature was observed at the outlet, and the maximum temperature difference between the gas
and solid phase in this case is about 590 K, and at highest density, the lowest gas temperature was observed,
and the temperature difference between the phases Gas and solid in this case is about 243 K. By increasing
the porosity from 0.7 to 0.9, heat transfer coefficient decreases and the limits of flammability and burner
stability increase. Finally, it was observed that at a fixed equivalence ratio, with an increase in the inlet
temperature up to 500 K, the flame front is drawn to the upstream side of the burner. Also, at a fixed inlet
temperature, with an increase in the equivalence ratio from 0.7 to 1.1, the stability has increased and flame
position is drawn upstream.

Keywords: Porous burner, Ammonia fuel, Flame stability, Porosity, Equivalence Ratio
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