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Abstract: In order to solve the generalized Burgers equation, this research work introduces one of the most recent
operators in fractional calculus. An easier-to-understand version of the problem can be obtained by using the Yang-
Abdel-Cattani fractional operator. The generalized Burgers equation’s result is obtained analytically effectively using the
g-homotopy analysis method (g-HAM). A visual study is also acquired to demonstrate the operation of the technique. By
employing this approach to solve the generalized Burgers problem, this study advances the field of nonlinear differential
equations.
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1. Introduction

After classical calculus, fractional calculus is a logical progression. In a variety of scientific areas, it has recently
gained in prominence and respect. The increasing number of applications for fractional calculus reveals how it offers more
precise mathematical representations of everyday things. A simulation model is used to draw any natural or physical
phenomenon whose shape is important for comprehending the problem. Due to widespread research initiatives, the
literature on fractional calculus is rapidly expanding. Numerous literary disciplines, including as biology, engineering,
fluid mechanics, heat conduction, viscoelasticity, astronomy, and electricity have been influenced by fractional calculus
[1-10]. The calculus of fractional order therefore has an effect on each and every branch of science and technology.

In order to understand many scientific ideas [11-28], fractional differential equations-which may be linear or
nonlinear-are employed. Differential equations of fractional order frequently have resolved the issues. Numerous
original numerical and analytical approaches are defined to tackle such challenges [29, 30]. The conventional homotopy
analysis method (HAM), a potent semi-analytical method for solving nonlinear differential equations, is extended by
the g-homotopy analysis method (¢-HAM). The approach is especially helpful for handling complicated initial value
problems (IVPs) and boundary value problems (BVPs), when more conventional approaches like perturbation theory
may not work or be ineffective. The homotopy parameter is generalized by the “g” in g-HAM, which gives the series
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solution’s convergence behavior greater latitude. The Burger equation was initially presented by Bateman citebat in 1915,
which was then reviewed by Burgers citebur. The Burger equation is given in its usual form:

dv dv %

Here, a may be some constant. In many areas of physical processes, including boundary layer behaviour, shock weave
creation, turbulence, the weather issue, mass transportation, traffic flow, and acoustic transmission, Burgers’ equation-
a nonlinear partial differential equation of second order-is employed. A interesting area of mathematics is fractional
calculus, which deals with integrals and derivatives of any order. Contrary to traditional definitions for derivatives and
integrals, fractional integrals and derivatives of order & > 0 can be interpreted in a variety of ways. Samko, Riemann,
Caputo, Kilbas, and other individuals had a significant impact on the theory of singular kernels in fractional calculus.
Integrals and derivatives with kernels without singularity were studied by researchers Miller-Ross, Atangana-Baleanu,
Wiman, Yang, and others. We have two different types of differential equations to deal with in modelling. The differential
equation might be either (i) a linear fractional differential equation or (ii) a nonlinear fractional differential equation. It is
clear that linear fractional differential equation solutions are much simpler than nonlinear fractional differential equation
solutions. There aren’t many methods in the literature to solve models that have nonlinear fractional differential equations.
It is evident that numerical methods that provide approximations are more effective for resolving these issues. Methods
of perturbation, such as the homotopy perturbation technique, are available. The homotopy analysis method (HAM) is
one of the finest ways to solve differential equations, both linear and nonlinear. The g-HAM is an effective method for
resolving nonlinear issues. The n and /4 auxiliary parameters make up this method. The g-HAM is converted into HAM
when n = 1. We can apply the Laplace transformation of fractional derivatives and integration in this study.

The term “g-HAM?” refers to an extension of the homotopy analysis method (HAM) for solving nonlinear differential
equations. By applying the g-HAM, the interval of convergence of HAM is lengthened, assuming it exists. In comparison
to the convergence of the homotopy analysis technique (HAM), the g-homotopy analysis method is more accurate. A
more versatile version of HAM called the g-homotopy analysis technique (g-HAM) was suggested by M. A. El-Tawil and
S. N. Huseen. The homotopy parameter g and its values range from 0 to (1/n), where (n > 1) is the value for the auxiliary
parameter 4. In the area of mathematical modelling, it has been shown that the Yang-Abdel-Cattani fractional operator
(YAC operator) produced superior outcomes. Numerous advancements in a variety of fields, including chemical science,
physical science, medical research, and many more, have resulted from the discovery of fractional calculus.

Now suppose the Burger equation be:

dv dv %
EJraf(v)%:ca—pz 2

with

v(p,0) =g(p), peQ 3)

A more manageable form of the problem can be obtained by reducing general fractional derivative into different
operators, further. The generalised Burgers equation is shown in Equation (2). We solve Equation (2) using Yang-Abdel-
Cattani derivative and the familiar homotopy analysis technique to get a roughly solution with condition (3).

The seven sections that make up this article’s structure are as follows: The pre-requisites are defined in Section 2.
We go into the solution’s existence and uniqueness in Section 3 of this article. We go through the HAM’s stages and how
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to apply them to the generalised Burgers problem in segment 4. The convergence analysis is covered in portion 5. In part
6, the HAM was illustrated using a simple example. In addition, we examine how this article ends in Section 7.

2. Pre-requisites

This section gives some background information on the Yang-Abdel-Cattani derivative, a recently developed
fractional operator and about Laplace transformation. Here is the description of both in more detail [31-33]:

2.1 Yang-Abdel-Cattani differential operator
Consider ¢ € Y(0, o), then Yang-Abdel-Cattani differential operator of exponent ¢ of ¢ with parameters (¢, 8, n),

o >0,8 >0 wheren €I, is expressed as:

t

0CDE(t) = /Ra [-6(t—8)%] oM ()de; >0 @)

0

here R is a fractional exponent (in the Rabotnov sense). Since the Yang-Abdel-Cattani derivative comprises a non-singular
kernel and produces results more quickly than other derivatives, we employed it in this situation.

2.2 Yang-Abdel-Cattani integral operator

Yang-Abdel-Cattani integral of g(¢) of exponent ¢ is:

t

g0 = [ oa[-8(— 1) g(o)dr. )

0

2.3 Laplace transform

Suppose, Laplace change of function F () be denoted by L{F (¢)} and is expressed as:
L{F(1)} = / e SF(t)dt, s> 0 ©6)
0

where e~ is kernal of transform and ‘s’ is transform variable and is a complex number. This transformation has the main
advantage over alternatives because it breaks down complicated systems into algebraic ones, which are by far the simplest
to solve.

2.4 Laplace change of Yang-Abdel-Cattani differential operator

Suppose ¢ € Y1:7(0, ) NC"~1([0, ), n € N then Laplace change of Yang-Abdel-Cattani operator is given as:
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1

L{YACD#J?”(P}(S) - sh+l (1 +As

(D) X [SnL{‘P}(S)
(7)

3. Logical solution of Burger equation using g-HAM

Now, we are going to get solution of Burger equation [34—46] by analytical approach. Here, we are going to discuss
the results of a particular case of Burger equation by taking f(v) = v. In this case, the burger equation becomes

2
@ —&—ava; = CQ 8)

with initial conditions
v(p,0)=p*, peQ ©9)

d
Now, replacing a—lt) by Yang-Abdel-Cattani derivative, we obtain

dv 2%
YAC pylt g _.2
D;v(t) —|—av8p cap2 (10)
Further, taking Laplace both sides in above equation, we have
av 2%
YAC pylt oVl _ gy
L{ D v(t)+avap} L{CapZ} (11)
or,
9% av
YAC pyH _ g _ 2
L{*™*D;v(1)} _L{Capz av(?p} (12)
or,
1 2% v
or,
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2y v
sL{v(t)} —v(0) = (1+s*T) 'L{Caapz —ava}

I
or,
SL{V ()} = v(0)+ (1+5**) .L{c ;9;,2 _jp }
Liv(n} = V(TO) + (l +s“> .L{cﬁz —avaa;}

Now, we define non-linear operator X like:
v(0) 1y
N[W(patvq)}:T_F ;_‘_S 'L{C"I/pp(p7taQ)_GW(p7taQ)wp(pat7q)}

7L{W(pv L, CI)}

Now, to solve problem, we are going to use g-homotopy method to get homotopy in following form:

(1—ng) LIy (2,1, ) = vo(0, 1)] = hng X [y (@ 1, 9)]

Putting, ¢ = 0 and g = 1/n in above condition (18)

v (,1,0) =vo(@:1)

and

v (@1, 1/n) =v(p,1)

Again using Taylor series expansion, we have

v(@it,q) =vo(@, 1)+ Y v (92, 1) "

m=1

here

(14

(15)

(16)

amn

(18)

(19)

(20)

e2y)
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(=L v 2)
Vi (82, - m'&qmw .1, q 40
Assume vo (g2, t), h, n are chosen such that the series (21) meets at g = 1/n, so

V(@1 0) = vo(@2.0)+ Y v (2.1) (1/n)" 23)

m=1

Now, consider the vectors v, = {vg, vi, v2, ... v, } and differentiating the Equation (18) m times w.r.t. g then putting
g = 0 and fractionating the equation by m!, we obtain

Ly (2, 1) — xmh—1 (2, 1)] = KR i1 (2, 1) . (24)
here
2
e (A O KA G e 75
with
0, m<l1
tm = { n, otherwise. (26)

Using reverse Laplace of Equation (24), we get
t (2, 1) = Xnttm—1 (42, 1) + L™ Rt -1 (2, 1)]. @7)
Now, from the Equation (26), we obtain
u(gp,1) = ,}gg”;oum (@2:1)(1/n) (28)

1\" . . . .
Because of the factor [ — | , above series rapidly converges to exact solution. Applying g-HAM, we get the values
n

of various coefficients and then putting those values in Equation (28), we get our solution of the given Burger equation.

4. Convergence of method

In this segment, we will show the convergence of the g-HAM method.
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Theorem 1 Consider G,,(, t, h, n) and g(, t) be expressed in Banach space % then solution in series form
generated by g-HAM converges for a prescribed value of 4, if

(04
lgmrll< 1 gmll, Vigo € ], 29

where 0 < o < n.
Proof. Let Gy = go € A. Define sequence {G,, },,_ as below

GOZgOa
1
Gl_g0+g1<)a
n
Gr=go+ l + l ’
2=gotg| )& ], (30)

1 1\? 1\"
Gn=go+g |- )+&|-) +-+&ul-)] -
n n n
Now, we establish that {G,,},,_ is Cauchy sequence in Banach space Z. Hence, we have

o
| Gt = G |=]| gma1 || < o Il &m ||

o2
< (*> || 8m—1 ||
n

€2))

o\ m+1
<(2)" sl
n

For each m, r € N with m > r, and using triangle inequality, we get
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G — Gl = (G — Gm—1) + (Gm-1 — Gm-2) + ...+ (Grs1 — G, ) |

< ||Gm - Gm71|| + HGmfl _Gm72|| +...+ HGr+1 _Gr”

oN\m o\ m—1 o+l
< () Mol + ()" ligoll+ o+ () ol
n n n

(32)
o r+1 o\ m—r—1 o\ m—r—2 o
< (%) (() +(2) +...+()+1> lgol
n n n n
o\ m-—r
< o+l 1— (;)
= (;) ﬁ llgoll -
n
. o m-—r
Since 0 < ¢ < n, we have 1 — (—) < 1. Then
n
( o ) r+1
|G — G/l < 1’1705 llgoll - (33)
n
Considering that || go || < oo, we have
Jim | G — G [|= 0. (34)
So, {Gn},,_ is the Cauchy sequence in Banach space # and we know that each Cauchy sequence converges.
Therefore, series solution of the g-HAM is convergent.
Theorem 2 According to g-HAM, the series solution’s greatest absolute truncate error is given as
o k+1
1y (g2, 1) =Yl < 1”705 lIgoll - (3%)
()
Proof. It reflects from inequality (32) in Theorem 1. For m > k, we have
o\ m—k
o k+1 1— (;)
IGn—Gill < (3) | " | lsoll- (36)

(1-3)
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o\ m—k .
Asm — oo, Gy — g(x, 1), and 1 — (—) < 1(since 0 < a <n). Thus,
n

((;f)lz)l lgoll-

Remark 1 Here, in this procedure, we have option to freely choose h and n values that will aid in the convergence
of the outcome.

[u(©) —Yi| < (37)

5. Example

Equation (8), which represents this particular case of the generalised Burgers equation, will be employed in this
section to solve the generalised Burgers equation using the previously mentioned mathematical strategy of the g-HAM.

We will solve the specific instance of the generalised Burger equation provided by equation (8) and with starting
constraint given by (9) in this section.

Vo = 1o = 7,
Now using above relation, we obtain
d
— 1)=2
apvo((@’ ) p

also

82

W"O(Wﬂ t) =2,

Using aforementioned values and equations (25), (26) and (27), we get the numerical result of the equation. After
using the method mentioned in segment (3), we get following values of the coefficients

v =7 (38)
vy = 20 (c—ag) <t+ F(i_”m) (39)

similarly, we found the value of v,, we have
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2K

—H
V2 :2nh(c—a,(03) (t+1"(tl—,u)> +2h% (c—aﬁ) m

3—u 2-2u 3 (1-2 1-2u
—12ach2;a< ! +Ft >+12a2h3[02[t6+ U=2u) 1

F@d—p) I@-2p) (T(1—p))* T(2-2p)
(40)
ar(2—p) >°H 22 H C(1—2u) ¢ 3# ar(2—p) ¢
. + + 5 + .
C(l—p) TG-p) TB-p) TOU-p)> T1-3u) I(l-p) T2-2p)
Similarly, find the remaining terms, and utilising relation (28), we can quickly determine the nearby answer.
& +2h ﬁ)( . ) 2nh ( ﬁ)( o )
v = + c—a t+——— ) +2nh(c—a t+———
I(l—p) I(1—p)
t2—u t3_“ t2_2“
+21* (¢ —a? 12ach2(@( + >
S ey = ' TG-2)
(41)

3 o T(—2u) 72 2ar2—p) M
+ 12d°1° 7 [6+ C(—p)? T2—2u) + C(1-p) T3—p)

N 212 H C(1-2u) ¢34 ar(2—p) 172
FGB—p) @C@OA-wp)> T(1-=3u) T(l-p) T'2-2p)

We now pick a =0.5,n =1, c=1and h = —0.1 to plot numerical results for outcomes. The graphs for 1t = 0.6, 0.8,
and 0.95 have been displayed.

6. Conclusion

In this work, we used Yang-Abdel-Cattani fractional operator to analyze the generalized Burgers equation. We solve
several well-known instances using the HAM. We determine the defied problem’s outcomes and talk about its outcomes
as well. Finally, we exhibit the graph of those cases (Figure 1-4) to demonstrate the effectiveness of the operator.
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Figure 1. Demonstration of v for 4 = 0.6

2,000

1,000

-1,000

Figure 2. Representation of v for 1 = 0.8

Figure 3. Figure of v for 4 =0.95
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Figure 4. Figure of v for u= 0.6, 0.8 and 0.95
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