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dependable, and effective. The outcomes demonstrate the effectiveness and 
accuracy of current technology in solving a variety of applied scientific 
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1. Introduction  
Due to its focus on the study and use of differential equations and 

derivatives of any order, the fractional calculus holds an essential place in 
numerous domains. Fractional calculus may be seen as a topic that is both 
ancient and new. It begins with a conjecture by G.W. Leibniz and L. Euler, who 
proposed applying this connection to non-integer values of n. Historically, 
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Locroix (1819) is the first derivative of arbitrary order to be discussed; J.B. 
Fourier developed it. Furthermore, Abel used fractional calculus to solve an 
integral equation, which was the first use of fractional derivatives. Liouville 
tried to define fractional derivatives logically. Fractional differential equations 
(FDEs) are a recent development that generalize PDEs. A variety of numerical 
and analytical methods, including the ADM, HPM, VIM, SVIM, and others, 
have been proposed to the results of fractional non-integer differential equations 
[1–14].  

2.  Solutions of Differential Equations by VIADM 
Consider the fractional differential equation as follows: 

      
  (   )   ( (   ))   ( (   ))   (   )   (1) 

Where,     
  is 𝓉𝓉he Caputo fractional order derivative,      are linear 

differential operator and nonlinear terms respectively, then Eq. (1) is given by: 
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So, the iteration formula of Eq. (4) reduces to: 
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3. Applications and Results  
3.1 Example: (1) Consider advection partial differential equation of the time 
fractional as 
     

   (   )   (   )   (   )          ,     ,            (5) 
With   (   )     (6) 
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Soluttion: By using FVIADM to find the solution of Eq. (5), the iteration 
formula is given by:  

     (   )    (   )  ∫  (   

     (   )    (   )
   (   )

   (     ))      

(7) 
Applying the Adomian polynomials for nonlinear term of above equation, 

then Eq. (7) becomes: 
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      (   )    (   )     (      )    (  
    
   )     (

    
    )  

     (   )   .   

 (   )  
     

 (   )/     

 (   )       

 (   )  

  (   )   .   

 (   )  
    

 (   )  
    (      )

 (   )  (    )      (      )      

 (   )  (   )  (    )  
  (      )      

  (   )   (    )/ . 

 
 

     
 

Figure 1 
TThe approximatte analytical solutions of    (where        (     ),   

   (     )) 
 
 

    
 

Figure 2 
TThe approximatte analytical solutions of    (       (    ),   

       (     )) 
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3.2 Results and Discussion 
The following Figures present the approximate analytical solutions and 

absolute error at   =0.5, 0.6, 0.8 and    . Here, we use some terms to 
approximate the exact solution, the proposed method FVIADM has a high 
convergence order and higher accuracy we get.  All the approximate results on 
the Graphs have shown are much closed and explain the reliability of the 
present technique as shown in the following figures 1, 2, and 3.  

 
 

    
 

Figure 3 
TThe absolutte Error of       

 

3.2 Example: (2) Consider fourth-order fractional singular PDEs:  
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Soluttion: By applying VIM, Eq. ( ) can be expressed as: 
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Figure 4 

SShhooww  tthhee  aapproximatte analytical soluttions of    
 

       
Figure 5 

SShhooww  tthhee approximatte analytical soluttions of    
 

       
Figure 6 

Show the absolute Error of       
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3.3 Results and Discussion 
Figures 4, 5, and 6 present the absolute error at various values of    

          and   . Here, we use several terms to approximate the exact solution. 
The proposed method FVIADM has a high convergence order and higher 
accuracy. The approximate results on the graphs shown are very close and 
explain the reliability of the present technique.  

4. Conclusion 
When dealing with specific processes, differential equations are important. 

Nonlinear partial differential equations may not necessarily have analytical 
solutions. In this example, we use a semi-analytical approach to provide series 
solutions. The solutions to these difficulties are sought as a series. Identifying 
the series from initial conditions serves as the foundation for semi-analytical 
approaches. As a result, I must perform a convergence study of these strategies. 
Some semi-analytic approaches can achieve extremely good convergence with 
only a few arithmetic operations of the series, but further arithmetic operations 
may be required to improve convergence for larger problems and analytical 
solution. 
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