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2 CFD Model

2.2 Evaporation and boiling of water
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2.3 Pyrolysis of asphalt
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T k0
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2.4 Heterogeneous reactions
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Table 1

Reaction A0, 
2 n

E n
Hr 

2C + 0.5O CO 8 -111

2C + CO 2CO 8

2 2C + H O CO + H 0.4114 8

2.5 Homogeneous reactions
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Reaction 6: 6 6 2 2C H  + 3O 6CO + 3H  -746 MJ/kmol 

Reaction 7: 6 6 2 2C H  + 6H O 6CO + 9H  +705 MJ/kmol 

Reaction 8: 2 2CO + 0.5O CO  -283 MJ/kmol 

Reaction 9: 2 2 2H  + 0.5O H O  -242 MJ/kmol 

Reaction 10: 4 2 2CH  + 0.5O CO + 2H  -37.5 MJ/kmol 

Reaction 11: 4 2 2CH  + H O CO + 3H  +203 MJ/kmol 

Reaction 12: 2 2 2CO + H O CO  + H  -41.1 MJ/kmol 
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reaction rate.

2.6 Governing equations and solution methods

3 Model validation

Table 2 
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Table 3 

For gas phase

i
i

S
x

u

ji
i j i j i

i j j j i i

P S
x x x x x x

uuu u u u g

i
i i i

Tc T c S
x x x

u

i

i
i i i i

i i i

YY D r S
x x Sc x

u

k-
ji

i j ij
j i

k
x x

uuu u

kC

j
j j j

kk G G Y S
x x x

u

j
j

j j

x

C S C C C G S
x x kk v

u

ij ij
kC S S S S

C C

q aG a T

q G
a C

G Id

For particle phase

m m m m
t t t t

m d C d g
t
u

u u u u

C

i i
i

T
m c hA T T A T m h m h m Q

t

hd

I



313

Table 4
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Table 5

29.84 C

0.33 S

O 1.98

38.82 2.14

4.1 Flow field, temperature, and composition 
distributions
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Unit, kmol/m3/s
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Table 6  

2 CO2 2 T

40.2 94.8

38.1 10.0 19.3 1404 87.3

4.2 Particle trajectories, residence time, and carbon 
conversion

Table 7  

 d 100

21.3 18.1 14.0

88.3 78.2 78.9

4.3 Effects of oxygen equivalence ratio and mass 
content of asphalt particles in water slurry on 
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Table 8 

0.40 0.42 0.43 0.44

38.1 38.2 38.9

2 29.9 29.4 28.9

CO2 10.0 9.9 9.3

2 19.3 21.9 22.1 23.0

1404

87.3 89.4 91.1

71.1 70.9
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slightly. 

Table 9

70.0

38.2 39.9

2 29.9 30.0 29.9 30.1 30.8

CO2 10.4 10.1 9.9 9.4 8.7

2 24.2 23.1 21.9 18.9

88.2 89.3 89.3

70.3 71.1

5 Conclusions
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