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1. Gasification
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1. Gasifier

2. Entrained flow
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Figure 1- The gasification process of asphalt water slurry
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Table 1- Homogeneous and heterogeneous reactions

Reaction No. Reactions Heat of Reaction (KJ/mol)
1 CeHs + CO, — 6CO + 3H, 746
2 CgHg + 6H,0 — 6CO + 9H,0 +705
3 CO +0.50, — CO, -283
4 H; +0.50, — H,0 -242
5 CH,4 + 0.50, — CO + 2H, -375
6 CHy + H,0 < CO + 3H, +203
7 CO + H,0 & CO; + H, -41.1
8 C+0.50, — Co -111
9 C+CO,—2CO +172
10 C+H,0 - CO+H, +131
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Table 2- Kinetic parameters of Homogeneous reactions

Reaction No. Reaction Rate Ref.
1 ry=Eddy-dissipation only [5]
1.26 x 108
2 r, = 3.0 X 108€Xp <— W) [C6H6] [HZO] [6]
1.67 x 108
3 s =10X% 1017'5exp <— W) [CO] [HZO]O'S [02]0'25 [7]
1.68 x 108
4 Te = 2.5 X 106T_1exp (— W) [HZ]O‘S [HZO]_l[OZ]Z‘ZS [6]
1.26 x 108
5 r,=44X 10116Xp <— W) [CH4]0‘5 [02]1‘25 [6]
1.26 x 108
15 = 3.0 X 10%exp (— W) ([CH,][H,0] — [CO][H,]/K11)
6 6
26533 [61
K, = 8.74 X 102exp (— T )
2.883 x 108
19 = 2.34 X 10 %xp <— W) ([CO][H,0] — [CO,][H,]/K12)
7 (8]

3968
K, = 0.0265exp (T)

1. Finite rate
2. Eddy dissipation
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Table 3- Kinetic parameters of Heterogeneous reactions
Reaction Ao E

No. Kg/(m?.s.pa") (I/Kmol) n Ref.
8 1.7016 1.55 x 108 064 [11]
9 0.0253 2.14 x 10° 0.65 [11]
10 0.4114 238 x 10° 056 [11]
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Table 4- Properties of orimulsion

Proximate analysis(wet) wit% Ultimate analysis(dry) wit%
Fixed carbon 12.84 C 84.28
Volatile 58.18 H 10.33
Moisture 28.8 S 3.95

Ash 0.18 0 0.55

Heating value , MJ/kg 29.77 N 0.64
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Figure 2- Experimental setup of Orimulsion gasification
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Figure 4-Independence of the mesh
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Figure 5- Comparison between simulation and experimental results (Orimulsion)
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Table 5- Properties of asphalt

Proximate analysis(wet) wit% Ultimate analysis(dry) wit%
Fixed carbon 29.84 C 86.58
Volatile 69.08 H 8.53
Moisture 0.33 S 0.66

Ash 0.75 (6] 1.98

Heating value , MJ/kg 38.82 N 2.14
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Figure 6- Contours of temperature asphalt slurry (°K)
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Figure 7- Contours of velocity magnitude asphalt slurry (m/s)
(4l 1 5i0) S il 1y 599 -V S

1.29e-01 1.91e-01 2.54e-01 3.17e-01 3.80e-01 4.43e-01 5.06e-01 5.47e-01

Figure 8- Contours of mole fraction of CO2
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Figure 9- Contours of mole fraction of H20
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Figure 10- Contours of mole fraction of CO
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Figure 12- Species mole fraction distribution on gasifier central axis
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Figure 13- Species mole fraction distribution on gasifier central axis
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Figure 14- Temperature and CO, mole fraction distribution on gasifier central axis
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Figure 15- CO and H, mole fraction distribution on gasifier central axis
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Numerical simulation of asphalt water slurry gasification process in an
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In this paper, numerical simulation of asphalt water slurry gasification process as a heavy fuel oil in a single
stage gasifier, using the commercial Ansys fluent software, in a two-dimensional geometry And based on the
Eulerian-Lagrangian approach has been done. In this simulation, the distribution of velocity, temperature
distribution and molar fraction distribution of synthesis gas species have been calculated. The effect of
different devolatalization models, the discrete phase particle size on gasification, and also for the first time,
the effect of the use of discrete phase non-spherical particles on gasification parameters has been investigated.
The results of this study showed that the water mixture of asphalt can be considered as a suitable feed for
gasification. In the study of non-spherical particles it was also found that if the particles with a shape factor of
0.1, which have the greatest difference with spherical particles, are used, the temperature of the chamber
slightly increases and the maximum temperature is more distant than the feed intake.

Keywords: heavy fuels oil, Entrained flow, gasification, discrete phase



