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Mathematical formulation of the problem  
 

We assume that a chemical reaction of the second order takes place in a cylindrical or spherical bed as follows: 
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The nonlinear differential equation governing the cylindrical and spherical coordinates are as follows: 
 

 

 
2 

 

Boundary conditions:  
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The parameter (Da) is the mass diffusion coefficient and (k) is the rate of the chemical reaction and parameter (C) is the 

concentration of the reactants in the chemical reaction and (R) is the cylindrical or spherical radius (Cs) is the initial 

concentration of the reaction material A. 
 

AYM solution process (Akbari Yasna’s Method) 
 

Output of the solution process by new approach AYM (Akbari Yasna’s Method) for nonlinear differential equation Eqs.(2), 
according to the boundary conditions Eqs.(3), the solution set of the non- differential equation is obtained as follows:   
i) In cylindrical coordinate (n=1) as follows: 
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ii) In spherical coordinate (n=2) as follows: 

 5 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mass Transfer in Cylindrical and Spherical Coordinates and Analytical 
Solution of the Governing Equation by AYM Approach 

Research Article                                                                                                                                                                          Open Access 

*Corresponding author: M. R. Akbari, Department of Civil Engineering and Chemical Engineering, Germany. Tel: 0049 
17647181018, 0049 17647181058; Email: akbari_hamid46@yahoo.com; sarah.akbari96@yahoo.com        
 

Citation: Akbari MR, Akbari S, Kalantari E (2022) Mass Transfer in Cylindrical and Spherical Coordinates and Analytical 
Solution of the Governing Equation by AYM Approach. J Chem Eng Re Rev: JCERR-102./Doi.org/10.47378/JCERR/2022.1.100102. 
 

Received Date: 06 September, 2022; Accepted Date: 09 September, 2022; Published Date: 17 September, 2022 
 

Copyright: © 2022 Akbari MR. This is an open-access article distributed under the terms of the Creative Commons attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 

 

 

 

 

Journal of  

Chemical Engineering Research & Reviews  

Abstract 

In this section, we want to investigate and analyse analytical governing differential equations in the mass transfer in 

cylindrical and spherical coordinates. As we know, most chemical reactions or heat transfer are in to the cylindrical and 

spherical, so the analytical solution of nonlinear differential equations are important. 
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Parameter Y is Yasna coefficient. 
Since the real boundary condition is at point (r =R), we apply the boundary condition on the Eqs. (4,5) as follows: 
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After applying the boundary condition Eq. (6), in to Eqs.(4,5), the following algebraic equations is obtained: 
i) In cylindrical coordinate (n=1): 
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ii) In spherical coordinate (n=2): 
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Algebraic equation Eqs.(7,8), we can easily calculate the Yasna coefficient Y for cylindrical and spherical coordinates as 
follows: 
i) In cylindrical coordinate (n=1): 
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ii) In spherical coordinate (n=2): 
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By substituting the values of Y Eqs. (9-11) (Yasna coefficient) into Eqs.(4,5), the answer to the nonlinear differential equation 
Eq.(2) is obtained. By selecting the physical values  at below: 

 13 
Yasna coefficient for cylindrical coordinate of Eq. (9) is and for spherical coordinate Eq.(11) is: 

 14 
The solution is rewritten Eqs.(4,5) by applying physical values Eqs.(13) as follows: 
i) In cylindrical coordinate (n=1): 

 15 
ii) In spherical coordinate (n=2): 

 16 
 
Comparing the achieved solutions by Numerical Method order Runge-Kutta and AYM (Akbari Yasna’s Method) 

 
Figure 1: A comparison between AYM and Numerical solution for concentration for cylindrical and spherical. 
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We solve the previous differential equation at the general case 
 

We consider the mass transfer differential equation for the case where the diffusion coefficient is a function of the 
concentration )1( CDoDa −= in the cylindrical coordinate as follows: 
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Or as follows:  
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And boundary conditions of:  
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The solution of the mentioned problem by AYM will be obtained as follows: 
By Applying Yasna coefficient Y in boundary conditions and by selecting the physical values at below: 

 20 
Differential equation Eq. (17 or 18) is solved with AYM method and by applying of boundary conditions Eqs.(19)  as follows: 

 21 

We apply the boundary condition on the Eq. (21) as follows: 
 22 

After applying the boundary condition Eq. (22), in to Eq. (21), the following algebraic equations is obtained: 
 23 

In the algebraic equation Eq. (23), we can easily calculate the Yasna coefficient Y as follows: 

 24 
By substituting the values of Y Eq. (24) (Yasna coefficient) in Eqs. (24), the answer to the nonlinear differential equation 
Eq.(17or 18) is obtained as follows: 

 25 
Comparing the achieved solutions by Numerical Method order Runge-Kutta and AYM (Akbari Yasna’s Method) 

 
 

Figure 2: A comparison between AYM and Numerical solution for concentration for cylindrical. 
 

Conclusions 
 In this article,we proved that with this new method, all 

kinds of complex practical problems related to nonlinear 

differential equations in the design chemical reactors can be 

easily solved analytically. Obviously,most of the phenomena  

in dynamics and aerodynamics 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 AYM 

method(Akbari-Yasna Method).This method is newly 
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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 nonlinear differential 

equations.  
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