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Example1
Abstract 
In this paper, our aims are accuracy, capabilities and power at solving of the complex non-linear differential at the reaction chemical in the catalyst reactor (heterogeneous reaction ). 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-Ganji's Method’’ or ‘’AGM’’.




Introduction and theatrical formulation  
Consider a fixed-bed reactor in which 
the solid particles constitute or contain
 one of the reactants,while a second 
reactant is in the fluid phase,
(as shown in Fig.1).In the general case
 the reactant concentration in the bulk
 fluid will decrease along the reactor
 length ().Since the rate and the
 variation of concentration at any 
location is a function of the 
reactor length and reaction time,.
Such behavior is characteristic of several
 practical processes, such as
 ion-exchange reaction,regeneration of fouled catalysts
 by combustion with air,and adsorption from gas or liquid
 streams.The inclined or vertical kilns and transport reactions
 with counter flow of fluid and solid phases (Fig.1) are examples. In such cases steady state is achieved in that the properties in any location in the bed do not change with time. Suppose the reaction is as follow:
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Fig.1.Counter flow moving- bed reactor. 
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One of the real sample of these reactions can be as follows in the reactor. (There are many samples of chemical reactions like above reaction). 
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The rate has been found [L.Tomlinson ,S.A.Morrow,and S. Graves, Trans. Faraday , Soc., 57,1008 (1961).] to be first order with respect to gaseous hydrogen fluoride. The pellet (original diameter 2 cm) was weighed at various times by attaching a balance to the wire holding the pellet. From the weight change the conversion of to could be calculated from the stoichiometry of the reaction.The rate of movement of the reaction interface at ,that is, as follow [BOOK ,page 593 ,Chemical Engineering Series, McGraw-Hill Editorial Advisory Board: Max S. Peters, Dean of Engineering, University of Colorado]:
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For plug-flow condition a mass balance of reactant  in the fluid phase written in partial differential equation as follow:
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The conversion of  is related  to radius  of the unreacted core by the expression:
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Combining Eqs.(3-5) and elimination of the time (dt) the result is obtained  nonlinear differential equation as follows:
	
      [image: ]                       
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The initial condition above equation as follows:
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The constant Eq. (6) as follows:
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Equation parameters are as follows:
density of bed of particles , superficial velocity in the direction of flow



 diffusion coefficient , sphere of catalyst radius   ,  reaction interface rate   


 mass velocity of solids ,  fraction of reactor volume occupied by solids
Solving the nonlinear differential equation by AGM 
On the basis of the given explanations in the previous section, the answer of Eq. (6) in this method is considered by the AGM as polynomial series with constant coefficients as follows:
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Applying initial or boundary conditions in AGM:
Based on the given explanations in the previous section, the constant coefficients from Eq.(9) are just achieved with respect to the given initial conditions and these initial conditions are applied in two manners in AGM.
a) In general, the initial conditions are applied on Eq. (20) in the form of:
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b) The application of initial or boundary conditions on the main differential equations which in this case is Eq. (15) and also on its derivatives is done in the  following  general form:
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It is notable that is the abbreviation of initial conditions.Therefore,after substituting Eq.(9) which has been considered as the answer of the main differential equation into Eq.(6), the initial conditions are applied on the obtained equation and also on its derivatives on the basis of Eq.(11) as follows:
	
               [image: ]         
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And for the first derivation:
	
[image: ]               
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And foe second derivation: 
	
     [image: ]                     
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And for the third and fourth derivation: 
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By solving a set of algebraic equations which is consisted of six equations with six unknowns from Eq.(10) and Eqs.(12-15) the constant coefficients from Eq.(18) can easily be yielded and so substitute at Eq.(18) the solution of the mentioned problem will be obtained as follows:
To simplify, the following new variables are introduced as:
	[image: ], [image: ],  [image: ] 
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According  to the change of variable Eqs.(16-20) the solution of the mentioned problem  by AGM in forming analytically will be obtained as follows:
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By selecting the physical values  at below:
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The solution of Eq.(17) is rewritten as follows:
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Comparing the achieved solutions by Numerical Method and AGM 
Due to the obtained solution from Eq.(23) by AGM, and the obtained Numerical Solution which its results Runge-Kutte 4th, we have the following comparisons:


[image: ]
  Fig.2. A comparison between AGM and Numerical solution for conversion .


Example2
“Homogeneous Non-Catalytic Reaction at Plug Flow ”
Abstract
The purpose of this example solve the complicated nonlinear differential equation by AGM approach.[BOOK ,page 114 ,Chemical Engineering Series, McGraw-Hill Editorial Advisory Board: Max S. Peters, Dean of Engineering, University of Colorado].
The thermal ( non-catalytic)decomposition of acetaldehyde at case non-isothermal that the reaction do in tubular-flow as follow:
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The rate of reaction is given by the second-order equation is follow:
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The energy balance relates the temperature to conversion, give the absolute temperature T at any conversion.
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Where (entrance to reactor).At any conversion the number of moles of the constituents will be:
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Hence the mole fraction and partial pressure of acetaldehyde are as follow: 
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And we have:
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And also have for reaction rate,so substituting Eqs.(26-29),the results into Eq.(25) nonlinear differential equation  are given:
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Above equations parameters is as follows:
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The initial condition above equation as follows: 
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Solving the nonlinear differential equation by AGM 
In AGM, we select a polynomial series with constant coefficients as follows:
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The constant coefficients of Eq.(33) which can easily be computed by applying boundary conditions, according to the physical aspects of the problem.
Applying initial or boundary conditions in AGM:
The initial conditions are applied in two manners in AGM.
a) In general, the initial conditions are applied on Eq.(33) in the form of:
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b) The application of initial or boundary conditions on the main differential equations and also on its derivatives is done in the  following  general form:
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 It is notable that is the abbreviation of initial conditions.
The initial conditions are applied on the obtained equation and also on its derivatives on the basis of Eq.(35) as follows:
	
              [image: ]       
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And for the first derivation:
	
 [image: ]                   
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And for the second and third derivation: 
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By solving a set of algebraic equations which is consisted of five equations with five unknowns from Eq. (34) and Eqs. (36-38) the constant coefficients from Eq.(33) can easily be yielded as follows:
To simplify, the following new variables are introduced as:
	[image: ]                                                                                                                                                  [image: ]                                                     [image: ]                         
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According  to the change of variable Eqs.(39-41) the solution of the mentioned problem by AGM in forming analytically will be obtained as follows:
	[image: ]
	
42


By selecting the physical values at below:
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The solution of Eq.(42) is rewritten as follows:
	[image: ]
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Comparing the achieved solutions by Numerical Method and AGM:

                                                  [image: ]
                                              Fig.3. A comparison between AGM and Numerical solution
                                                                      for conversion .

 Component concentrationas follow:
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And its figure Component concentration is at down :
[image: ]

                                Fig.4. A comparison between AGM and Numerical solution 
for concentration .

Example3
 “  Heterogeneous Catalytic Reaction at Plug Flow”
 [ BOOK ,page 506 ,Chemical Engineering Series, McGraw-Hill Editorial Advisory Board: Max S.Peters, Dean of Engineering, University of Colorado].
Wenner and Dybdal [R.R Wenner and F.C.Dybdal , Chem.Eng.Progr.,44,275 ,1948] studied the catalytic dehydrogenation of ethylbenzene and found that with a certain catalyst the rate could be represented by the reaction:
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The global rate was given as:
	
           ,        [image: ]          
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The specific reaction rate and equilibrium constants are:
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Partial pressure of ethyl benzene,      partial pressure of styrene
 partial pressure of hydrogen
At partial pressures can be expressed in terms of the conversion as follow:
Steam=20    , Ethyl benzene=1-x  ,   Styrene= x   ,   Hydrogen= x    
Total moles =21+x
Then
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Then the rate equation becomes as:
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Or, with the expression fordetermined by Wenner and Dybdal [K.W.McHenry,Jr.,and R.H.Wilhelm,AIChE J.,3,83 (1957).], and so merger Eqs.(3,4a,4b) at form: 
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Finally nonlinear differential equation intended the form given:
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Initial condition as follow:
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Solving the nonlinear differential equation by AGM 
By selecting  polynomials series with constant coefficients as follows:
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Applying initial or boundary conditions in AGM
a) In general, the initial conditions are applied on Eq.(54) in the form of:
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b) The application of initial conditions on the main differential equations and also on its derivatives is done in the  following  general form:
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Therefore,after substituting Eq.(54) which has been considered as the answer of the main differential equation into Eq.(52),the initial conditions are applied on the obtained equation and also on its derivatives on the basis of Eq.(52) as follows:
	
      [image: ]            
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And for the first derivation:
	
       [image: ]     
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And so for the second , third and fourth derivation: 
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By solving a set of algebraic equations which is consisted of six equations with six unknowns from Eq. (54) and Eq.s (57-59) the constant coefficients can easily be yielded as follows:
To simplify, the following new variables are introduced as:
	[image: ]          ,         [image: ]    
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[bookmark: _GoBack]According  to the change of variable Eqs. (60,61) the solution of the mentioned problem  by AGM in forming analytically will be obtained as follows:
	[image: ]
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By selecting the physical values at below:
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The solution of Eq.(7) is rewritten as follows:
	[image: ]
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Comparing the achieved solutions by Numerical Method and AGM 


[image: ]  [image: ]
                      Fig.5. A comparison between AGM and Numerical solution for conversion.

Conclusion
 In this article,we proved that with this new method, all kinds of complex practical problems related to nonlinear differential equations can be easily solved analytically for chemical reactors design.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 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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