Hindawi

Advances in Mathematical Physics
Volume 2022, Article ID 5635514, 12 pages
https://doi.org/10.1155/2022/5635514

Research Article

@ Hindawi

Regarding on the Results for the Fractional Clannish
Random Walker’s Parabolic Equation and the Nonlinear

Fractional Cahn-Allen Equation

Md. Nur Alam ®,! Onur Alp Ilhan ,> Md. Sabur Uddin®,"* and Md. Abdur Rahim ©*

'Department of Mathematics, Pabna University of Science & Technology, Pabna-6600, Bangladesh

2Faculty of Education, Erciyes University, 38039-Melikgazi-Kayseri, Turkey

Department of Applied Mathematics, Gono Bishwabidyalay, Savar, Dhaka-1344, Bangladesh

*Department of Computer Science and Engineering, Pabna University of Science and Technology, Pabna-6600, Bangladesh

Correspondence should be addressed to Md. Nur Alam; nuralam.pstu23@gmail.com

Received 27 December 2021; Accepted 29 March 2022; Published 18 April 2022

Academic Editor: Eugen Radu

Copyright © 2022 Md. Nur Alam et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In this research, the (¥, ®@)-expansion scheme has been implemented for the exact solutions of the fractional Clannish Random
Walker’s parabolic (FCRWP) equation and the nonlinear fractional Cahn-Allen (NFCA) equation. Some new solutions of the
FCRWP equation and the NFCA equation have been obtained by using this method. The diverse variety of exact outcomes
such as intersection between rough wave and kinky soliton wave profiles, intersection between lump wave and kinky soliton
wave profiles, soliton wave profiles, kink wave profiles, intersection between lump wave and periodic wave profiles,
intersection between rough wave and periodic wave profiles, periodic wave profiles, and kink wave profiles are taken.
Comparing our developed answers and that got in previously written research papers presents the novelty of our
investigation. The above techniques could also be employed to get exact solutions for other fractional nonlinear models in

physics, applied mathematics, and engineering.

1. Introduction

Nonlinear fractional mathematical models (NLFMMs) are
broadly implemented to express lots of significant phenom-
ena and nonlinear dynamic applications in applied mathe-
matics, ~mathematical physics, engineering, signal
processing, electromagnetics, communications, acoustics,
genetic algorithms, viscoelasticity, robotics, electrochemis-
try, transport systems, material science, finance, image pro-
cessing, stochastic dynamical systems, biology, plasma
physics, chemistry, nonlinear control theory, and so many.
In accordance with determining the exact answers of
NLFMMs, countless influential and well-organized schemes
have been presented and industrialized, such as the variation
of (G'/G)-expansion scheme [1], modified (G'/G)-expan-
sion technique [2-5], the first integral technique [6], gener-

alized Kudryashov technique [7], fractional subequation
scheme [8, 9], improved fractional sub-equation scheme
[10], generalized exponential rational task scheme [11],
novel extended direct algebraic method [12], Sine-Gordon
expansion technique [13], subequation scheme [14],
Kudryashov technique [15], Jacobi elliptic task scheme
[16], exp-task scheme [17], the Jacobi elliptic ansatz method
[18], natural transform method [19], fractional iteration
algorithm [20, 21], the unified method [22], the hyperbolic
and exponential ansatz method [23], (1/G’)-expansion
scheme [24], modified decomposition method [25], the
quintic B-spline approaches [26], an efficient semi-
analytical algorithm [27], the Jacobi elliptic function expan-
sion (JEFE) method [28], the Lie symmetry technique [29],
Hirota’s simple method [30, 31], the modified extended tanh
expansion method [32], exponential finite difference method
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Ficure 1: The graphical representation of the solution #; (x, t): (a) real three-dimensional shape, (b) complex three-dimensional shape, (c)

real contour plot, and (d) imaginary contour plot.

[33], and many more. Currently, Shehata and Amra [34] dis-
covered a profoundly significant enlargement of the (G /G)
-extension process, called the variation of (G '/G)-expan-
sion process to secure exact solutions of fractional nonlinear
models. We instrument the variation of (G /G)-expansion
way for making exact answers to the fractional nonlinear
models in the existing effort to express the suitable and sim-
plicity of the process. Therefore, we can effortlessly exchange
the fractional nonlinear models into NPDE or NODE via
appropriate conversion, with the purpose of everybody
acquainted with fractional calculus lacking any trouble.
The chief advantage of the process implemented in this
study over the other scheme is that it contributes additional
novel exact answers, including added independent parame-
ters, and we make a few novel results as well. The exact
answers have vast significance in uncovering the fundamen-
tal device of the physical events. Apart from the dynamic rel-
evance, the exact answers of fractional nonlinear models
support the numerical solvers to compare their results’ accu-
racy and help them in the stability analysis. In our current
effort, we instrument (¥, ®)-expansion scheme for con-

structing exact answers of FCRWP and NFCA equations.
We can therefore easily convert FCRWP and NFCA equa-
tions into nonlinear PDE or ODE via appropriate conver-
sion, with the purpose of everybody acquainted with
fractional calculus lacking any trouble.

In the current object, the first subdivision offers the
choice of the research as an introduction. The second subdi-
vision covers a few analyze of the (¥, @)-expansion method.
In the third subdivision, we will acquire answers of the
FCRWP and NFCA equations by using the proposed tech-
nique. In the fourth subdivision, we will give some numeri-
cal simulation of the results obtained. In the last
subdivision, we implement the conclusion.

2. Overview of the Technique

In this part of the study, detailed information on fractional
calculus theory can be found at [35-37]. Here, we briefly
analyzed the modified Lehman-Liouville derivative
(MRLD) from the current fractional calculus recom-
mended through Jumarie [38, 39] and provided a research
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Ficure 2: The graphical representation of the solution 4, (x, t): (a) real three-dimensional shape, (b) complex three-dimensional shape, (c)

real contour plot, and (d) imaginary contour plot.

method. Let S: [0,1] — R be a continuous function and
B€(0,1). Jumarie has improved the fractional derivative
of the order 8 and S could be clearly defined through
[40] as

—1 ' X=x)PYS(x) - S(0))d 0
DES(ﬁ() = 1

R, 0 S0 - SO)d 0<pe,

(S(")(Z))(ﬁin), n<f<n+1,n>1
(1)

We consider
P(X, Xy Ao Ay By Ay o+ ) =0, (2)

where P is a polynomial in 7 as well as its derivatives.
First, use the travelling variable:

A=A(x 1) =A(X), x =ps(x = V1), 3)

where p, and V are a constant to be determined later. Using
(3) into (2), We get the following ordinary differential equa-
tion:

R(z,p3z’,p§z”,—p3Vz’,pgvzz”,—pgsz”, ) =0. (4)

Second, considering the solving form:

A(x) = isgp" + imﬂ'—lq;, (5)

i=0 i=1

where ¥ = (0'/0), ®=(Q'/Q), and @=0(y), 2=0Q(x)
represent as

The above equations provide as follows:
O(x) = £ sech(y),

O(x) == csch(y),

Q(y) = tanh (), (7)

() = coth (x). (8)
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Ficure 3: The graphical representation of the solution Z¢(x,t): (a) real three-dimensional shape, (b) complex three-dimensional shape,

(c) real contour plot, and (d) imaginary contour plot.

Third, a polynomial in ¥ or @ accomplished plugging
equation (5) into equation (4). Defining the constant values
of the corresponding power of Wor @ yields a system of
equations, which might be defined to make S; and T;. After
getting S; and T; in (5), the answers of the studied model
complete the intention of the answers of the proposed
model.

3. Mathematical Analysis

This section presents solutions of two NLEMM:s via the (¥, @)
-expansion technique.

3.1. Constructing the Solutions of the FCRWP Equation. We
are considering the FCRWP equation [41].

il a}[+27(a}(+827{—0t>00<ﬁ 9)
otf ox  Tox ox2 T 7P

With Z(x, 0) = S(x). By getting the variable (x, ) = A(x)
,x=x—-Vt*/I(B+1)in equation (9), then, we have

Vi A w221 -4 =0. (10)

The pole of equation (10) is set N =1. Then, we find
from equation (4)

T
A(x) =S¥’ + 8, ¥ + T\ WD =8, + 51 - ($,+T)).
(11)
Assembling the coefficient of and solving the resulting

system, then, we find
Cluster I:

V=V,5=0,8=S,T,=0. (12)
Substituting the above values in equation (11), we get

7, (x, t) ==, tanh {x— F(,Zitfl)} (13)
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F1Gure 4: The graphical representation of the solution Xg(x;, t): (a) real three-dimensional shape, (b) complex three-dimensional shape, (c)
real contour plot, and (d) imaginary contour plot.

VB Similarly, we get
A (x, £) = =S, coth 4 x = — L 14
5(x, 1) = =8, cot {x B+ 1)} (14) 1 .
A (x,t)=2— —tanh { x — .
Cluster 1II: (1) tanh {x - VtF/I'(B+1)} { r(p+ 1)}
(19)
V=2S,-1,8 =55 =1,T, =0. (15)
B
Similarly, we get Ao(x, 1) =2~ . ~coth {x- L
’ coth {x - VtF/T(B+1)} r'(f+1)
B (20)
Z5(x,t) = §, — tanh {x— L} (16)
rp+1) Cluster IV:
VB V=1,8=18=1T, =1 (21)
Z4(.X, t) =SO_C0th {x_ m} (17)
Similarly, we get
Cluster III:
1
het)=1 (22)

V=38,=28=2T,=-1 (18) ~tanh {x - VIAIL(B+1)}
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Ficure 5: The graphical representation of the solution @ (x, ): (a) real three-dimensional shape, (b) complex three-dimensional shape, (c)

real contour plot, and (d) imaginary contour plot.

1
coth {x - VAL (B+1)}

Robs)=1- (23)

3.2. Constructing the Solutions of the NFCA Equation. We
are considering the NFCA equation [42].

Dfo-0 +@ -0=0,t>0,0<f<1.  (24)
We introduce

B
®mo=mmw=M—f%}5, (25)

where k and V are arbitrary constants. Implementing equa-
tions (25) and (24), then, we get

Vo' -Ko" + @’ - =0. (26)

We find from equation (4). Then, we have
0 1 0 T,
Q) =SV +S\¥ + T\ W' D=5, + a - (S, +T)Q.
(27)
Collecting the coeflicient of ¥ and @ and solving the
resulting system, then, we find

Cluster I:

1 1 1

,k=+—,80=z)81=§’T1=0' (28)

Substituting the above values in equation (27), we get

D, (x,t) = %{1 — tanh (kx— %) } (29)

{1 ~ coth (kx— %) } (30)

Dy(x, 1) =

N —
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FiGure 6: The graphical representation of the solution @;(x, ): (a) real three-dimensional shape, (b) complex three-dimensional shape, (c)

real contour plot, and (d) imaginary contour plot.

Cluster II:

Similarly, we get

o1~ {1t (ke 7))

o= {1reon (lem 7))

Cluster III:

(33)

(34)

Similarly, we get

o651 (ks 1))

1 g
Dy(x, 1) = —5{1 + coth <kx— m) }
Cluster IV:

301 1 1 1
V="lk=>(%/=].S=-5,8=-2,T, =0.
2772 2 2 2

Similarly, we get

ST PR (1

o= 1o (k- 7))

(37)
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Ficure 7: The graphical representation of the solution @,(x, ): (a) real three-dimensional shape, (b) complex three-dimensional shape, (c)
real contour plot, and (d) imaginary contour plot.

Cluster V: Similarly, we get
TN Y WP S IO B Oy ()= 41— ! (44)
_‘—1, —5 . 5 >0 — 5’ 1~ E’ 1_5- 11\"» 2 tanh(kx_Vtﬁ/F(/j.g.l)) .
Similarly, we get 1 1
Dp,(xt)=={1- . (45)
2 coth (kx = VAT (B +1))
1
Dy(x,t)=—=q1— . 41
(%) 2{ tanh (kx—Vtﬁ/r(ﬁH))} 4 Cluster VII:
3 1 1 1 1 1
1 1 V= k=—|2/z|,S=-%,8=-=,T;=-. (46)
1 P i C AR AR
2 coth (kx — VtF/T(B+1))

Cluster VI: Similarly, we get:

D5(x t)__1+ ! +tanh{kx— Ve }
Yrek <+ 1) So=ts=br=cl @y T2 A (VTG @)
> =X 5 2, 5

2 (47)
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Ficure 8: The graphical representation of the solution @s(x, ): (a) real three-dimensional shape, (b) complex three-dimensional shape, (c)

real contour plot, and (d) imaginary contour plot.

1 7
Pl =3 * oot v} TN P ren
(48)
Cluster VIII:
3 1 1 1 1 1
V:—,k:— /= )S __’S :_’T =T 49
: 4( 2>02121 bW
Similarly, we get:
D, t)= 2 - ! SRRV PN i
15000 =3~ Canh (kx = VIFT(B 1)) Zan{ W}
(50)

o} xt)—l— ! —lcoth kx—i‘/t
651 =3 4coth {kx—VIF/T(B+1)} 4 rg+nJ’

(51)

4. Numerical Simulations

Shehata and Amra [34] have offered a process named the var-
iation of (G /G)-extension approach to look for the studied
equation’s exact structures and achieve many results shown
in Section 3. Comparison between other methods, the studied
approach is provided a more exact answer rather than the
other approach. On the additional support, the auxiliary
model employed in the integral method is different, and so
the exact structures obtained are also other. Likewise, for any
fractional nonlinear models, it could be determined that the
studied approach is extremely more straightforward than the
other schemes. In this paper, the integrable method applies
to the studied fractional nonlinear models for the first time.
We confirm that any other authors did not use the technique
on the studied fractional nonlinear models. This part also will
present numerous types of soliton of the created answers for
various values of the constant coefficients. The kinds of the
solitons are kink type soliton profiles, singular kink type soli-
ton profiles, periodic wave soliton profiles, and so many. Also,
we provide the contour graph of the attained answers which is
constructed commencing binary variable tasks. One variable
exemplifies on the horizontal axis and a second variable
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Ficure 9: The graphical representation of the solution ®@,,(x, t): (a) real three-dimensional shape, (b) complex three-dimensional shape, (c)

real contour plot, and (d) imaginary contour plot.

exemplifies on the vertical axis. The functional value exem-
plifies the color gradient and isolines. Contour graphs are
technique to expression a 3D surface on a 2D plane. This kind
of graph is broadly implemented in applied mathematics,
mathematical physics, and engineering, where the contour
lines normally demonstration elevation.

4.1. Graphical Representations of the Solution to the FCRWP
Equation. In the current section, we have offered numerous
mathematical simulations through the proposed procedure.
To explain the dynamic performances of the answers acquired
in Section 3.1. Figures 1-4 illustrate the graphical depictions of
some selected computational results of the problem received
utilizing the studied method. They are pictured below.

Figure 1 demonstrates the dynamic performance of
7,(x, t) using a=0.5. In particular, Figure 1 demonstrates
the 3D shape and contour shape of #(x,¢). This shape
represents intersection between rough wave and kinky sol-
iton wave profiles. The solution attributes of 4,;(x, ) are
displayed in Figure 2 using a =0.9. This shape represents

intersection between lump wave and kinky soliton wave
profiles. In Figure 3, we demonstrate the dynamic perfor-
mance of %(x, t) using a = 0.01. In particular, Figure 3 shows
the three-dimensional shape and contour shape of the solution
7¢(x, t). This shape represents soliton wave profiles. Figure 4
demonstrates the dynamic performances of %4 (x, t) by taking
a = 0.001. In particular, Figure 4 shows the three-dimensional
shape and contour shape of the solution %4 (x, t). This shape
represents kink wave profiles. The implemented mathematical
simulations acknowledge that the answers are of periodic wave
shapes and the rational, hyperbolic, trigonometric categoriza-
tions. Furthermore, through wisely observing at the construc-
tion of the acquired answers, it could be comprehended that
the connecting fractional derivatives parameter of 3 performs
in the formulation of all the answers.

4.2. Graphical Representations of the Solution to the NFCA
Equation. In the current section, we have implemented
numerous mathematical simulations through the proposed
process. To explain the dynamic performances of the
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answers acquired in Section 3.2. Figures 5-9 illustrate the
graphical depictions of some selected computational results
of the problem received utilizing the studied method. They
are pictured below.

Figure 5 demonstrates the dynamic performance of
@, (x,t) using a=0.3. In particular, Figure 5 demonstrates
the 3D figure and contour figure of ®@,(x,t). This shape
represents intersection between lump wave and kinky sol-
iton wave profiles. The solution attributes of @;(x,t) are
displayed in Figure 6 using a=0.1. Figure 6 demonstrates
the 3D figure and contour figure of @;(x,t). This shape
represents intersection between rough wave and periodic
wave profiles. In Figure 7, we demonstrate the dynamic
performance of @,(x,t) using a=0.1. In particular,
Figure 7 demonstrates the three-dimensional shape and
contour shape of the solution @,(x,t). This shape repre-
sents intersection between lump wave and periodic wave
profiles. Figure 8 demonstrates the dynamic performances
of @ (x,t) by taking a=0.005. In particular, Figure 8
shows the three-dimensional shape and contour shape of
the solution @;(x,t). This shape represents periodic wave
profiles. Finally, we demonstrate singular kink wave pro-
files of the solution @,,(x,t) by taking a=0.1 which is
displayed in Figure 9. The implemented mathematical sim-
ulations acknowledge that the answers are of periodic
wave shapes and the rational, hyperbolic, trigonometric
categorizations. Furthermore, through wisely observing at
the construction of the acquired answers, it could be com-
prehended that the connecting fractional derivative param-
eter of B performs in the formulation of all the answers.

5. Conclusion

In the current research, we successfully implement the
studied technique to demonstration that this scheme is
well-organized and virtually fine well-matched to imple-
ment in getting answers for FCRWP equation and the
NFCA equation. The various of dynamical behaviors such
as intersection between rough wave and kinky soliton
wave profiles, intersection between lump wave and kinky
soliton wave profiles, soliton wave profiles, kink wave pro-
files, intersection between lump wave and periodic wave
profiles, intersection between rough wave and periodic
wave profiles, periodic wave profiles, and kink wave pro-
files are taken in the present study which present in
well-defined regions of mathematical physics. These solu-
tions will be useful for further studies in mathematical
physics which are shown in Figures 1-9.

In Figure 1, we represent intersection between rough wave
and kinky soliton wave profiles. Figure 2 represents intersec-
tion between lump wave and kinky soliton wave profiles.
Figure 3 shows soliton wave profiles. Figure 4 shows kink wave
profiles. Figure 5 demonstrates intersection between lump
wave and kinky soliton wave profiles. Figure 6 demonstrates
intersection between rough wave and periodic wave profiles.
In Figure 7, we demonstrate intersection between lump wave
and periodic wave profiles. Figure 8 demonstrates periodic
wave profiles. Finally, we demonstrate singular kink wave pro-
files which are displayed in Figure 9. The most powerful aspect

11

of this method is that it can be applied to other fractional non-
linear models. Also, it has observed that the results obtained in
this study have been presented for the first time. It is impor-
tant to note that the solutions obtained can be applied to non-
linear models, plasma physics, optical physics, ion-acoustics
physics, optical engineering, soliton theory, nonlinear dynam-
ics, and other areas.

Data Availability

The data used to support the findings of this study are
included within the article.
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