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Abstract

In this paper, for the first time, we investigate and solve a complicated highly partial nonlinear differential equations of chemical reactions in the
cylindrical and spherical coordinates on the catalyst bed for the design of chemical reactors. We challenge and prove the power of this method that it
can easily analyze the most difficult nonlinear problems in a completely analytical way, which we named it AKLM (Akbari Kalantari Leila’s Method).

Certainly we know that the chemical reaction process on the solid catalysts is very complex, and the governing differential equations governing them

are nonlinearity complex. In this paper we present a new analytical solution which can easily analyze all such problems and make a great evolution

in the nonlinear industries in the reactors design in chemical engineering. Finally, this scientific approach can create a great phenomenon in the

analytical solution of nonlinear problems in engineering sciences, especially in the chemical and mechanical engineering.

Keywords: New method; Akbari-Kalantari-Leila’s Method (AKLM); Reactor Catalytic bed; Partial Nonlinear Differential Equation; Cylindrical,

Spherical and Cartesian Coordinates

Introduction

In the study, our aims introduce of accuracy, capabilities and
power for solving complex non-linear partial differential in the
reaction chemical on the reactor’s catalyst bed. AKLM method can be
successfully applied in various engineering fields such as mechanics
(solid and fluid), electronics, petroleum industry, designing
chemical reactors [1,2], and also in applied sciences (physics),
economics and so on. It is worth noting that these two methods
are convergent at any form of differential equations, including any
number of initial and boundary conditions. During the solution
procedure, it is not required to convert or simplify the exponential,
trigonometric and logarithmic terms, which enables the user to
obtain a highly precise solution. Besides, the methodology behind

these techniques are completely understandable, easy to use, and

@ @ This work is licensed under Creative Commons Attribution 4.0 License | ABEB.MS.ID.000601.

users with common knowledge of mathematics will be capable of
solving the most complicated equations at low calculation cost.
As all experts know most of engineering actual systems behavior
in practical are nonlinear process and analytical scrutiny these
nonlinear problems are difficult or sometimes impossible. Our
purpose is to enhance the ability of solving the mentioned nonlinear
differential equations at chemical engineering and similar issues
with a simple and innovative approach which entitled “Akbari-
Kalantari-Leila Method” or “AKLM”. He’s Amplitude Frequency
Formulation method [3-5] which was first presented by Ji-Huan He
gives convergent successive approximations of the exact solution
and Homotopy perturbation technique HPM [6]. It is necessary to
mention that the above methods do not have this ability to gain the

Page 1 of 7


http://dx.doi.org/10.33552/ABEB.2020.05.000601
https://irispublishers.com/index.php
https://irispublishers.com/abeb/

Volume 5-Issue 1

Archives in Biomedical Engineering & Biotechnology

solution of the presented problem in high precision and accuracy
so nonlinear differential equations such as the presented problem
in this case study should be solved by utilizing new approaches
like AGM [7-13] that created by Mohammadreza Akbari(in 2014).
In recent years, analytical methods in solving nonlinear differential
equations have been presented and created by Mohammadreza
Akbari, these methods are called AYM (Akbari Yasna’s Method in
April 2020)and ASM [14] (Akbari Sara’s Method in August 2019)
and AKLM (Akbari Kalantari Leila Method in August 2020).These
example somehow can be considered as complicated cases to deal
with for all of the existed analytical methods especially in the design
reactor in chemical engineering , which means old methods cannot
resolve them precisely or even solve them in a real domain.

Mathematical formulation of the Problem

We consider an isothermal reaction and also, we assume
governing chemical reaction equation on the solid catalyst bed in the
chemical reaction are complicated and according of mathematical

equations as follows:

1.  Byassuming that on the catalyst bed the reaction chemical
for component A is as follows:

For cylindrical coordinate with radii R (n=1)

A + (catalyst) — B

r
ro=n [%] +u 1+ exp(vc+ec?
2. Partial differential equation of chemical reaction in polar

coordinates as follows:

+ V==

or s

a—C} C=C(r1)

o o a(,
or o ar[ or

Here the parameters C is concentration material A and so
parameters o, €m,s,u,p,q are the physical constant values of
the chemical process and the value V is materials reactant in the

chemical reactor.
n=0— Slab
n=1 — Cylindrical
n=2 — Spherical

s ™
Ca AD B Caz |
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Figure1: The schematic system for cylindrical coordinate.
N\ J

(Figure 1) By substituting the chemical reaction Equation (2)
into the partial differential equation Equation (3), the result the
following a complicated nonlinear partial differential equation
in the cylindrical coordinate for reactants in catalytic chemical
reactions as follows:

o o o ar ar
uUl—Fexp(uC—l—eCZ) 3 C=C(nt)

P
8 0 (5C), 00, (Y,

Boundary and initial condition are:

dc(o, 1)

dr =Cy, C(RN)=C,,

. C(r0)=C,,
We select

physical values with metric units as follows:

Cuy=0:C,=08C,=01n:=020:=08
Ve=04e:=02;0v=02;p:=0L3n=1R:=1
p=3q=4

Output of the solution process by new approach AKLM (Akbari-
Kalantari-Leila Method) for partial nonlinear differential equation
Equation (5), according to the boundary and initial Equation (6)
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and the physical values Equation (7) at the cylindrical coordinate
system figure (1), the solution of the differential equation is
obtained as follows:

_[ 27 1279100731
Cln )= 550 " ~ 3200000000
[ 881288157 881288157 r’}l’
1600 T 16 00
1101944297 1101944297
+ [ 720000000000~ 720000000000
327249191
~ 2000000000 "+

933500731
3200000000

5

andnle
1927249191 TR

2000000000 °

Comparing the achieved solutions by Numerical Method
and AKLM

Due to the obtained solution from Equation (8) by AKLM,
and Numerical method (Runge-Kutte 4th), we have the following
comparisons:

(Figure 2) Concentration-time and reaction rate graphs as
follows:

(Figure 3) In the concentration-time diagram for contour plot
as follows:

(Figure 3) Charts of contour of AKLM solution for C(xt).
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Figure 2: A comparison between AKLM and Numerical solution.
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Figure 4: Charts of contour of AKLM solution for C(r,t).
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In the concentration-time diagram for contour plot as follows
(Figure 4) AC(rt) _ o i[rz ac(r, t)
2
¥oor

aC(r, t) .

or or or 4

] + V-
For cylindrical coordinate (n=2)
By substituting the chemical reaction Equation (10) into the

partial differential equation Equation(11), the result the following a
A _I_ ( Eﬂf ﬂ{]’g f ] > B complicated nonlinear partial differential equation in the spherical

coordinate for reactants in catalytic chemical reactions as follows:

(Figure 5) As previous we assume that on the catalyst bed the

i - i : aC _ o B aC aC ac \*
reaction chemical for component A is as follows: == — P —_ |+ —_— nl—| +
a 2 orl or or or
ac(r 1) \" q
re=n [%] +1u Ul +exp(oC(rni) +eC(rne?) 1 \/1 + exp('uC—I— EC'Z] ;1 C=C(r1t)
(10) Partial differential equation of chemical reaction in (12) Boundary and initial condition are:

spherical coordinates as follows:
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dc(0,¢)

o =Cu s CRN=Cpy L C(r0)=C,

(13) As
previous the physical values are with metric units as follows:

CA; =0 CAz = (.8; C)m =0.1;1:=02:a =038
Vi=04:;£:=02;0v:=02;p:=0Ln:=1;R:=1
p= 3; q = 4

(14) Output of the solution process by new approach AKLM
(Akbari-Kalantari-Leila Method) for partial nonlinear differential
equation Eq.(12), according to the boundary and initial conditions
Eq.(13) and the physical values Eq.(14) at the spherical coordinate
system fig.(5), the solution of the differential equation is obtained

as follows:
[ 991100731 1279100731 " 9 2 ] 3
Clnn= 4000000000 4000000000 + 125 A
[ 881288157 881288157 A ]1.2
2000000000000 2000000000000

1101944297 1101944297
[ 960000000000 "~ ~ 960000000000 )
antnlt
327249191 2727249191 —
~ 73000000000 T 3000000000 * M ¢

Comparing the achieved solutions by Numerical Method
and AKLM

Due to the obtained solution from Equation (15) by AKLM,
and Numerical method (Runge-Kutte 4™), we have the following
comparisons:

(Figure 6) Concentration-time and reaction rate graphs as
follows (Figure 7)

In the concentration-time diagram for contour plot as follows
(Figure 8)

For cartesian coordinate (j=0)

(Figure 9) As previous we assume that on the catalyst bed the
reaction chemical for component A is as follows:

A + (catalyst) — B

P
P [%] +u 1+ exp(vClx ) + £Clx, 1) 2)

Partial differential equation of chemical reaction in cartesian
coordinates as follows:

e N
Figure 5: The schematic system for spherical coordinate.
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Figure 6: A comparison between AKLM and Numerical solution.
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Figure 7: Concentration-time graph for radius location r=0.4 meter of achieved solutions by AKLM and for Concentration and also reaction
rate.
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Figure 8: Charts of contour of ALKM solution for C (r.t).
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By substituting the chemical reaction Equation (17) into the
partial differential equation Equation (18), the result the following a
complicated nonlinear partial differential equation in the cartesian
coordinate for reactants in catalytic chemical reactions as follows:

dc _ @C e (oY
Pl I+V6x+n[ﬂxj+

n U 1+exp(vC+ a(‘z} ; C=C(x,1)

Boundary and initial condition are:

dC(0,¢) _ _ _
o~ Cus CLN=Cp s C(x0)=C,y,

As previous the physical values are with metric units as follows:

Cu=0C,5=08:C,:=01m:=020:=08
Vi=04:;e =020:=02;nu:=01n:=1
L= l;p =3;q =4

Output of the solution process by new approach AKLM (Akbari-
Kalantari-Leila Method) for partial nonlinear differential equation

Eq.(19), according to the boundary and initial conditions Equation
(20) and the physical values Equation (21) at the slab coordinate
system figure (9), the solution of the differential equation is
obtained as follows:

e [ 000731 sl 27 ]1’
(60 =1 2500000000 ~ 2400000000 ~ * 125
[ 293762719 293762719 o ]?ﬁ
400000000000 400000000000
[ 1101944297 13 1101944297 ]
480000000000 © 480000000000
andnds
327249191 1127249191 T
— 2+ H =e¢
1000000000 1000000000

Comparing the achieved solutions by Numerical Method
and AKLM

Due to the obtained solution from Equation (22) by AKLM,
and Numerical method (Runge-Kutte 4th), we have the following
comparisons:

(Figure 10) Concentration-time and reaction rate graphs as
follows:

(Figure 11) In the concentration-time diagram for contour plot
as follows:

(Figure 12) Comparison of concentration graphs for cylindrical,
spherical and Cartesian coordinates (Figure 13, 14)
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Figure 10: A comparison between AKLM and Numerical solution.
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Figure 11: Concentration-time graph for radius location x=0.4 meter of achieved solutions by AKLM and for Concentration and also reaction
rate.
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Conclusion

In this article, we proved that we can with new method (AKLM)
all kinds of complicated practical problems related to nonlinear
partial differential equations in the design of chemical reactors can
be easily solved analytically. Obviously, most of the phenomena of
chemical reactions in chemical reactors are nonlinear, so it is quite
difficult to study and analyze nonlinear mathematical equations in
this area, also we wanted to demonstrate the strength, capability
and flexibility of the new AKLM method(Akbari-Kalantari-Leila
Method). This method is newly created, and it can have high
power in analytical solution of all kinds of industrial and practical
problems in engineering fields and basic sciences for complex

partial nonlinear differential equations.
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