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2. CHEMICAL PATHWAY
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3. MATHEMATICAL MODEL OF CHEMICAL SPECIES
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∂(εCi)
∂t

= �∇ · �Ni +
∑
i,j

kiCj − kisCi (3.1)
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3.1. Initial and Boundary Conditions.
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C1(0, t) = 1 (3.1.1)
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C2(0, t) = C3(0, t) = · · · = Cn−1(0, t) = 0 (3.1.2)

C2(x, 0) = C3(x, 0) = · · · = Cn−1(x, 0) = 0 (3.1.3)
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Cn(x, 0) = 1 (3.1.4)
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∂C1(0, t)
∂x

≈ −C1(0, t)
Δx

, (3.1.5)



∂Ci(0, t)
∂x

= 0 ��� 1 < i < n (3.1.6)

���

∂Cn(0, t)
∂x

≈ Cn(0, t)
Δx

(3.1.7)
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∂Ci(1, t)
∂x

= FDKi
C(1, t)ε(1, t) (3.1.8)
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3.2. The Flux.
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− Ni

DKi

=
RT

P

∑
j �=i

CiNj − CjNi

Dij
+

CiBe

μDKi

∇P + ∇Ci (3.2.1)
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�	� �� Dij ��� DKi

= DKi
(ε)� �	��	��
�	���

��	 �
���� �
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PDij

(Pci)
1
3 (TciTcj)

5
12 ( 1

Mi
+ 1

Mj
)

1
2

= a

(
T√

TciTcj

)b

(3.2.2)
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DKi
= d(ε)

√
8RT

9πMi
× 106 (3.2.3)
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μ ∇P ��� v = RT
P � $+��	 ���� 
� ��	 ��� ��	 �� � ��	����	
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Ni + vDKi

n∑
i �=j

CjNi − CiNj

Dij
= −DKi

∇Ci − FP Ci (3.2.4)

��
�� �	��� �� ��	 ������
�� ����	
 �� 	#���
����

N1 + vDK1

(
C2N1 − C1N2

D12
+

C3N1 − C1N3

D13
+ · · · + CnN1 − C1Nn

D1n

)
= −DK1∇C1 − FP C1

N2 + vDK2

(
C1N2 − C2N1

D21
+

C3N2 − C2N3

D23
+ · · · + CnN2 − C2Nn

D2n

)
= −DK2∇C2 − FP C2

���

,��	� �	������	
	�� �� �	�
� �	 ���	



[
1 + vDK1

(
C2

D12
+

C3

D13
+ · · · Cn

D1n

)]
N1− vDK1C1

D12
N2− vDK1C1

D13
N3−· · ·− vDK1C1

D1n
Nn = −DK1∇C1−FP C1

−vDK2C2

D21
N1+

[
1 + vDK2

(
C1

D21
+

C3

D23
+ · · · Cn

D2n

)]
N2− vDK2C2

D23
N3−· · ·− vDK2C2

D2n
Nn = −DK2∇C2−FP C2

���

����� ����	�
�� �
 ⎛
⎝1 + vDKi

n∑
j=1,j �=i

Cj

Dij

⎞
⎠Ni − vDKi

Ci

n∑
j=1,j �=i

Nj

Dij
= −DKi

∇Ci − FP Ci (3.2.5)

�
� i = 1, ..., n�
�
� ��� 
� ����
��	 �	������ 	��

aij = −vDKiCi

Dij
, �� i �= j

��� �
� ��� ����
��	 �	������ 	��

aii = 1 −
n∑

j=1,j �=i

aij = 1 + vDKi

n∑
j=1,j �=i

Cj

Dij
, �� i = j

��� ��
�� ��� ������ A = [aij ]�
����		 ���� ��� �
� �� ����	 ��������� �
 ����

∇C =
∂C

∂x
��� ∇P =

∂P

∂x
.

�
� 	��

bi = −DKi
∇Ci − FpCi = −DKi

∂Ci

∂x
− Be

μ

∂P

∂x
Ci

��� ��
�� ��� ����
� B = [bi]� ����� �� ���� ��� ������

a11N1 + a12N2 + a13N3 + · · · + a1nNn = b1

a21N1 + a22N2 + a23N3 + · · · + a2nNn = b2

a31N1 + a32N2 + a33N3 + · · · + a3nNn = b3

���
���

���
���

���

an1N1 + an2N2 + an3N3 + · · · + annNn = bn


�

⎡
⎢⎢⎢⎢⎢⎣

a11 a12 a13 · · · a1n

a21 a22 a23 · · · a1n

a31 a32 a33 · · · a1n
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AN = B (3.2.6)
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3.3. Change in Gases.
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Figure 1. A parallel/series-consecutive reaction model for propylene pyrolysis.
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ε
∂C1

∂t
=

∂N1

∂x
− [k1 + k2 + k3 + k4]C1 − k1sC1 (3.3.1)

ε
∂C2

∂t
=

∂N2

∂x
+ k1C1 − k5C2 − k2sC2 (3.3.2)

ε
∂C3

∂t
=

∂N3

∂x
+ k2C1 + k5C2 − k6C3 − k3sC3 (3.3.3)

ε
∂C4

∂t
=

∂N4

∂x
+ k3C1 + k6C3 − k7C4 − k4sC4 (3.3.4)

ε
∂C5

∂t
=

∂N5

∂x
+ k4C1 + k7C4 − k8C5 − k5sC5 (3.3.5)

ε
∂C6

∂t
=

∂N6

∂x
+(−3k1 +

3
2
k3 +

3
2
k4)C1 + k5C2 + k6C3+

+3k1sC1 + 2k2sC2 + 2k3sC3 + k4sC4 + 3k5sC5 (3.3.6)
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ε
∂C7

∂t
=

∂N7

∂x
(3.3.7)

3.4. Change in the Solid.
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−∂ε

∂t
= p1C1k1sVM1 + p2C2k2sVM2 + p3C3k3sVM3 + p4C4k4sVM4 + p5C5k5sVM5 (3.4.1)
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3.5. The Numerical Algorithm.
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4. EXPERIMENTAL DESIGN FOR VERIFICATION OF MODEL
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5. CONCLUSION
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