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In this work, we present a semi-analytical technique to find an approximate result of the 

conformable fractional partial differential equations (CFPDEs). The fractional order 

derivative will be in the conformable (CFD) sense. This definition is effective and simple in 

the solution of the fractional differential equations that have intricate solution with classical 

fractional derivative definition like Riemann-Liouville and Caputo. Furthermore, the result 

obtained by the proposed technique is like those in previous studies that used other types of 

approximate methods like (Homotopy analysis method) but it has the advantage of being 

simpler than the rest of these methods. In addition, results demonstrate obtained the 

Precision and effectiveness of the suggested technique. 
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1. Introduction 
Fractional integration and fractional differentiation has 

opened their wings even larger to cover the dynamics of 

real world and new ideas are starting to be tested and 

implemented on real data [1]. The concept of fractional 

derivatives is by no means new. In fact, they are almost as 

old as their more familiar integer-order counterparts until 

recently; however, fractional derivatives have been 

successfully applied to problems in system biology, 

physics, chemistry and biochemistry hydrology. Fractional 

partial differential equations (FPDEs) arise in many areas 

of mathematics, engineering, and the physical science, 

which make it very important to detect active technique for 

solving the partial fractional differential equations. Thus, 

the solutions of the fractional equations become strongly 

accepted [2, 3, 4, 5]. There are some definitions about 

fractional derivative [6, 7], two of them are most usually 

applied the definitions of the Caputo and Riemann-

Liouville. The (CFD) one of the new defined fractional 

derivative and is defined by R. Khalil [7]. There are many 

related studies to the conformable fractional order 

derivative. For instance, Abdeljawd [8] set the basic 

concepts and developed the definition of the conformable 

fractional derivative of this interesting fractional calculus. 

Atangana et al. [9] view the properties of conformable 

derivative. Chung [11] has discussed the (CFD) and 

integral to explore the fractional Newtonian Mechanics. 

Kurt et al. [10] using homotopy analysis method to find 

approximate solution of the time conformable Burger's 

equations specified. Gӧkdogan et al. [12] discuss some 

conformable differential equations and gave the existence 

and uniqueness theorems of solutions. Ҫenesiz et al. [13] 

gets new exact solutions of the conformable Burger’s type 

equations. The reader can also see the references [14, 15, 

16], which have been also focus on the numerical and 

approximate solutions of (CFDEs). 

 

2. Preliminaries 
In this part, we prepare the definitions and some 

fundamental properties regarding the conformable calculus 

[13]. 

 

Definition 2.1. Given a function          . Then the 

conformable fractional derivative of   of order  is 

defined by: 

               
 (       )     

 
  

for all t > 0,   (0,1]. 

 

Lemma 2.1. Let         and     be "-differentiable" 

at a point      Then: 

(1)                                  . 

(2)             , for all    . 

(3)        , for all constant function          
(4)                       

(5)   (
 

 
)  
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(6) If      is differentiable, then   (    )  

     

  
       

 

Definition 2.2. A fractional integral starting from a of a 

function           of order          ,     is 

defined by: 

  
      

 

      
∫

        

          
 

 
,     ,      

where: 

  
            

 

Remark 2.1. If          ,   is a constant and 

       , then: 

(1)   
        

        

        
        . 

(2)    
       

      

      
      . 

 

Remark 2.2. Let           and           be 

(n+1) times differentiable for t   ; then we have : 

  
   

             ∑
             

  

 
     

 

3. The Proposed Method 
In this section we will propose a semi-analytic iterative 

method for solving the nonlinear (CFPDEs), and to 

illustrate this, we need to consider the (CFPDEs) 

                             (1) 

such that: 

            (2) 

where  

             
           

   
  represent the conformable derivative of the 

function u with respect to t. 

  is a non-linear operator. 

H is a nonhomogeneous term. 

The following steps illustrate the proposed algorithm 

briefly. 
 

Step 1. We assume that         is the initial guess 

solution of problem (1)-(2) which can be obtained by 

solving the following initial value problem (IVP) 

                   ,               

Step 2. To find the next iteration, we need to resolve the 

following linear problem: 

                                

              

Step 3. For finding the rest solutions        ,        ,…; 

we need to solve the following linear problems  

                                  

                

for all k  1, 2, …. 
 

It is remarkable that each function        ,        , 

       , … can be considered as a solution to the problem 

(1)(2). 

 

 

4. Error Analysis 
In this part, we will discuss the error analysis of the 

proposed technique and for this purpose we present the 

consecutive errors: 

                 

                     |                 |       

which are the difference between two consecutive iterate 

solutions. 

 

5. Numerical Applications 
In this part, we will provide illustrative examples in order 

to give an explanation of the effectiveness and 

applicability of the suggested method. 

 

Example 5.1. Consider the following fractional damped 

Burger equation: 

   
           

   

 
    (3) 

subject to the initial condition: 

       
   

 
 (4) 

when    , the exact solution of problem (3)-(4) is given 

by [15]: 

       
 

    
 
  

   

  

Step 1. To find        , the following (IVP) problem must 

be solved: 

   
        (5) 

subject to: 

        
   

 
  

Integrating both sides of equation (5), yields: 

        
   

 
  

Step 2.        , can be gained by solving the following 

linear (IVP) 

   
                     

 

 
     (6)  

subject to: 

        
   

 
  

Hence: 

        
 

 
 

        

        
  

Step 3.         can be obtained by solving the following 

linear problem: 

   
                     

 

 
      (7) 

subject to: 

        
   

 
  

Therefore : 

        
   

 
 

        

        
 

              

                
 

  (    )
 
        

   (      )
 
       

  

Figures 1, 2 and 3 represent a comparison among the 

solutions of problem (3)-(4) that have been obtained by the 

suggested method with the exact solution and the existing 

methods when   1,   0.9 and 0.8, respectively. 
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Figure 1. Results of problem (3)-(4), when    . 

 

 
Figure 2. Results of problem (3)-(4), when      . 

 

 
Figure 3. Results of problem (3)-(4), when      . 

 

Following Tables 1, 2 and 3 represent the consecutive 

errors of the solution of problem (3)-(4) when    , 0.9 

and 0.8, respectively. 
 

Table 1. The consecutive errors of the solutions of 

problem (3)-(4), when    . 

k    

1 0.0294304 

2 8.0442971      

3 4.2994255      

4 3.3412054      

 

Table 2. The consecutive errors of the solutions of 

problem (3)-(4), when      . 

k    

1 0.0327004 

2 9.8235754      

3 5.4409116      

4 4.2953688      

 

Table 3. The consecutive errors of the solutions of 

problem (3)-(4) when      . 

k    

1 0.0367879 

2 0.0122626 

3 7.0809037      

4 5.6286944      
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Example 5.2. Consider the following FPDE: 

   
                      (8) 

subject to the initial-condition: 

       
   

 
  

   

 
 
 (9) 

when    , the exact solution of problem (8)-(9) is given 

by [15]” 

       
   

 
 

   

 
(  

   

 
 )

  

Step 1. To find        , the following (IVP) problem must 

be solved  

   
        (10) 

subject to: 

        
 

 
  

 

 
    

Integrating both sides of equation (10), yields:  

        
 

 
  

 

 
 
  

Step 2.        , can be obtained by solving the following 

linear (IVP) 

   
                                    (11) 

such that: 

        
 

 
  

 

 
 
  

Hence: 

        
 

 
  

 

 
  

 

  
  

 

 
       

      
  

Step 3. To find    we must be solve the linear problem: 

   
                                   (12) 

such that: 

        
 

 
  

 

 
 
  

Therefore: 

        
   

 
 

   

 
  

 

  
  

   

 
          

      
  

 

    
  

   

 
                 

              
 

Figures 4, 5 and 6 represent a comparison among the 

solutions of problem (8)-(9) that have been gained by the 

suggested method with the exact solution and the existing 

methods when   1,   0.9 and 0.8, respectively. 
 

 
Figure 4. Results of problem (8)-(9), when    . 

 

 
Figure 5. Results of problem (8)-(9), when      . 
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Figure 6. Results of problem (8)-(9), when      . 

 

Following Tables 4, 5 and 6 represent the consecutive 

errors of the solution of problem (8)-(9) when    , 0.9 

and 0.8, respectively. 
 

Table 4. The consecutive errors of the solutions of 

problem (8)-(9), when    . 

k    

1 7.38072738      

2 2.3064773      

3 4.80516106      

4 7.50806415      

 

Table 5. The consecutive errors of the solutions of 

problem (8)-(9), when      . 

k    

1 8.200808207      

2 2.8475028      

3 6.59144178      

4 1.14434753      

 

Table 6. The consecutive errors of the solutions of 

problem (8)-(9), when      . 

k    

1 9.225909233      

2 3.6038708      

3 9.38508019      

4 1.83302348      

 

 

 

6. Conclusions 
In this study, the conformable semi-analytic approach has 

been investigated. The proposed approach was applied in 

order to find the approximate solutions of a class of 

nonlinear FPDEs with conformable fractional order 

derivative. From the results of the illustrative examples, 

we have been approved that this approach is effective and 

accurate for solving such kind of problems. 
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