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16. Appendix E.

Governing equations (8.25) and boundary conditions (8.21e) still involve the reactant
profiles explicitly. Thus, to track evolution of the profile moments and consequently determine
the final selectivity, one should define functions approximating the reactant concentration
profiles in the interval 0<£<1. In this case, two parameter functions were used to approximate
the real concentration profiles. Some of them were identical with those proposed by
Tryggvason and Dahm [74], other were very similar.

The first concentration profile of reactant A, sketched in figure E.la, is defined as:

1 0<E<A,-8,/2
C,(E,1)=105-(E-AD/d,  A,-3,/2<E<A,+8,/2 (E.1a)
0 A +8,/2<E<1

where A, is the displacement of the reactant gradient profile from the coordinate origin and

6, is its width. According to expressions (8.23) and (8.24a) the first moment for this profile

becomes:
M4 = -A, (E.1b)
and equation (8.25a) takes form:
Ay+d 2
dA 2 A A
———A=i+Da- = f C,-CdE . (E.1c)
dv 6, S, 5

If only the reactant gradient profile (E.la) approaches the coordinate origin (A,-6,/2=0),

another approximation should be used (see figure E.1b):

_ CAM'(I_E/‘S’A) 0<£<3, E.2a
CA(EaT)"{ 0 6AS£51 s ( )
which results in
EX 5, ; C,
1 1r 5,
CAM
E 2
% e 1 % (38 1

Figure E.1a. Reagent A - first profile. Figure E.1b. Reagent A - second profile.
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M == a2 (E.2b)
5
1 dCyp8) Cyy sV
~— 2 = Dal=| = fa,- ] (E.2¢)
5 e 5A +0a SO { A Ccd€

Similarly, the first profile of reactant B, sketched in figure E.2a can be defined as:

0 0sE<A -0,/2
CyE,7) =1 (a0l Cho) [O5+(E-Ap) /851 Ap-8,/2<E<h,+8,/2 . (E3a)
Cpol €49 Ap+d,/2<Ex

In this case, one receives from expressions (8.23), (8.24b) and (8.25b) as follows:

dA
1m0y (E3b)

Ca0

M —_8
dt

x (E.3¢)

E‘J]mb

Y

A
5,
The second approximation (figure E.2b) should be used when the reactant gradient profile

approaches right border of the computational domain (Ag+8,/2=1):

~ 0 W)t =t E.da
Ca(ﬁ")*{ (Caol i) T1+E-D8,1Cpyy  1-8,<Ec1  »
which yields:
PR P @by dlc |%5_||.P5 Com Cm  (E4c)
SNG M dx 2 D, &, dt
e, 5 Gy
k'___n' A CBD GB‘I
Cao . O ) Cro
n CBH’
E g
% E. A, 1 % E, 1
Figure E.2a. Reagent B - first profile. Figure E.2b. Reactant B - second profile.

Concentration profiles (E.la), (E.2a), (E.3a) and (E.4a) have to fulfil boundary condition

(8.21¢). Table E.I shows four possible pairs of relationships arising from this condition.
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Table E.I. Pairs of equations arising from boundary condition (8.21¢).

Reactant profiles
A B C,=Cy=0 (0C,/0E)+Dy/D,, (0C,/0E)=0
(E.1a) (E.3a) AptO,2=Ag-85/2 1/8 ,=(cgp/Cp) (Dp/D,)/85
(E.1a) (E.4a) Apt+0,/2=1-8 1/8 ,=(cgo/Ca0) (Dp/D,) Cpy/Op
(E.2a) (E.3a) S p=Ap-05/2 Cam/d4=(cgo/cr0) {Dp/D )/
(E.2a) (E.4a) 3,=1-8g Cam/0 x=(cpy/Ca0) (Dp/D,) Cyps/Sp

Four relationships were used to approximate the real concentration profile of reactant C.

The first profile, sketched in figure E.3a, is defined as:

0 0<E<A,-8./2
Co(E,7) =1 ol Cap) [OS+E-AQ/Bc]  Ap-8,/2<E<A;+8./2 . (E.52)
Ccol Ca0 A 22 E ]

Thus, expressions (8.23) for j=1 and (8.25c) read:

¢ dA 2
M@, (E3b) ¢ - pa [ﬁ] [ epCedt, ®59)
dt G Ameme
Ca0 0/  Ac-8ci2
whereas expressions (8.23) for j=2 and (8.25d) become:
2
MC%@-(AC%EQ] , (E.5d)
Ci0 12
82 D 2
i(ach_i) =2--%+2-pa’| 2| - f CrGriEdEn (E.Se)
dt 12 Dy S0) b2

Profile (E.5a) should be replaced by the second profile, shown in figure E.3b, when
Act+0/221:

G
el c
L5 & EEE cco
Cao - B¢ J o
Cen
£ g
- 0 A 1 00 _i

Figure E.3a. Reagent C - first profile. Figure E.3b. Reagent C - second profile.
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0 0<E<1-8,

Cel&,m) { (col €4) T+ E-DI81Cop  1-8,<E<1 (5.62)

Application of approximation (E.6b) in expressions (8.23), (8.25¢) and (8.25d) results in:

M-S {1 2%¢|c | (E.6b)
Cl0 2
d d¢ dCcp sV .
—|C. | == ~1||= +Da"|=| - | C,-C.d E.6c
dz CR[2 ]] dt ¢ So 1:£'c ANC E ( )
and
2
Mcz_ﬂ.[l 5C+_C] Cor (E.6d)
€40
2 2 1 (E.6e)
d c dCcp D s
—|Cpp| 1~8,.+—]||= +2:Cop'—+2'Da‘|—| - | C,:C.-EdE .
= CR( c ] E CRDA a 5 11[. PR L
[

On the other hand, if A.-8./2<0 then initial profile (E.5a) should be replaced by the third

profile - presented in figure E.3c:

C.(E,7) = (Col€a0) [Co+(1=Cy)&/8] 0<E<d, (E.7a)
Cc\®> GenlCin S.<Ex1

In this case, expressions (8.23), (8.25¢) and (8.25d) can be written as follows:

c 1-C,;

co
Mci=a-ac-——i—, (E.7b) __[a (1-C¢,)]=2Da- fc .c.ae (£
and
Mczzﬁ.ac%l__cﬂ: , (E.7d)
Ca0 3

_[52(1 e )] 6-(1-C )#D +6-Da-
CL (]
A

] f C,-Co-EdE . (E.7e)

The third profile can be again replaced by the first one when C; <0 or by the fourth one:
Cc(E.u 1:) = (ch, CAO) '[CCL i (CCR . CCL) & E] 5 0< E <1 5 (E.Ba)

shown in figure E.3d, if §.=1. Thus, expressions (8.23), (8.25c) and (8.25d) become:



c’=*c—cg'——~———CCRMCC" : (E.8b)
C40 2
d dCcp o
a _ =G0 ST . E.8
—o(Can~Ca)=2-— +2:Da : !cA CdE (E.8¢)
and
C2 _ E__(_:'_g . CCR - CC‘L , (E.Sd)
C40 3
d dCep D. sV 1
—(C..~Cqy)=3" +6(Cop—Cpp) —+6-Da-|—| -[C,-C,-EdE . (E.8e)
dr( CR CL) o (Cer=Cer) DA+ a 5 {A Ccr€dt
C. Cc
5:: o cm Coo
Cpo 1[0%
CCR
() (e
CcL E e E

Figure E.3c. Reagent C - third profile. Figure E.3d. Reagent C - fourth profile.

The fourth profile can be replaced by the second one if C; <0 and vice versa when 8.>1 then
the second profile should be replaced by the fourth one.
Initial conditions (8.21f) and (8.21g) can be fulfilled only by approximations (E.la), (E.3a)

and (E.5a); for 7=0 the profile parameters are equal to:

A, =Ap=A;=08/Q2s) and 8,=08,=8,=0. (E.9)

Application of the backward Euler scheme to the system of four differential equations (E.lc),
(E.3c), (E.5c) and (E.5e) and two algebraic equations from the first row in table E.I gives the
system of six nonlinear algebraic equations, which can be solved at each time step using either
successive substitution or Newton-Raphson method. After each time step, one has to check
if is necessary to replace one approximation of the reactant concentration profile with another

and consequently modify the governing equations.
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