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1. Introduction

The FPDEs (fractional partial differential equations) have been used for
many aspects of the modeling of feasible problems, related to sciences and
engineering applications, such as dynamics of fluids, mathematical biology,
control theory, optics, image processing, Quantum Mechanics, etc. ([6, 16, 17, 18,
21, 26, 32, 33]). There are many definitions of fractional derivatives and integrals,
such as Riesz, Weyl, Riemann-Liouville (RL), Caputo (C), Hadamard (H), and
others, which have been explored in the literature. These definitions bring forth
peculiar properties of fractional derivatives, such as the non-universality of the
chain rule and specific rules governing multiplication and division, all of which
have significant implications for engineering physics.

Khalil et al. [24] introduced a novel derivative known as the conformable
fractional derivative (Cgp) in 2014. This derivative exhibits adherence to the
classical properties commonly associated with well-known derivatives. For any
given function q: (0,0) > R and a selected order @ € (0,1], the Cpp is
precisely defined as form:

() = lim > [ay +vy'™™) —a®)]. ¥ >0. (1.1

In recent years, numerous researchers have delved into novel facets of
analytics and numerical methods that offer precise and approximate solutions.
One notable development in this field is the Sumudu transform (ST), which
emerged as an extension of the classical Fourier transform. This transformative
concept was first introduced by Watugala in the early 1990s [36]. Since then, it
has found widespread application in addressing a multitude of real-world
problems, particularly within the realm of engineering sciences.

What makes the ST particularly valuable is its inherent ability to preserve
both unit and scale, making it an exceptionally efficient tool for tackling a wide
array of physical problems. The ST is formally defined over a set of functions:

1yl
v ={W): 3K, 71,7, > 0,|q(y)| < Ke",ify € (-1)/ xR*},  (1.2)
by,
Sl = J; awye™ dy, v € (-7, 12). (13)

In the context of the current literature, it is worth noting that Belgacem,
F.B.M conducted an extensive analysis of the ST in [7]. This work delved into a
deeper understanding of the ST and explored its various applications. For more
comprehensive insights into the properties of the ST and its derivatives, along
with additional applications, we recommend referring to sources [4, 8, 9].
Furthermore, in references [5, 15, 20, 29, 30, 31], researchers have established the
existence and uniqueness of some fundamental properties associated with the ST,
particularly in the context of FODE (Fractional Ordinary Differential Equations)
and FPDEs involving singularities. These studies also explored the connections
and relationships between the ST and other integral transforms, such as the
Laplace transform (LT). These references provide valuable resources for anyone
seeking a deeper understanding of the ST and its applications in various
mathematical and scientific contexts.
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n [22], the ST found application in solving the one-dimensional neutron
transport equation. Notably, a strong relationship between the double Sumudu
and double LT was elucidated in [28]. Furthermore, the ST was extended to
distributions, with its properties explored based on Cgps in references [2, 35]. In
[3], authored by Alfaqeih, Bakcerler, and Misirli, delved into the application and
results of the fractional conformable double Kiligman, Eltayeb, and Agarwal
applied this transform to tackle systems of differential equations in [27]. Bhanotar
and Belgacem [12] and Bhanotar and Kaabar [13] introduced a novel method for
solving nonlinear FPDEs in 3—space in a conformable sense, employing the triple
LT and making comparisons with the ST in references [12, 13]. Recent
advancements in the conformable fractional ST were outlined in references [1, 10,
11, 14, 19, 23, 25, 34], demonstrating its utility in solving nonlinear stochastic
FDEs, transient solutions of Maxwell's equations, and convergence criteria for the
double ST.

To address nonlinear FPDEs, this paper proposes the use of the Sumudu
Decomposition Method, combined with the Cpp triple ST (Cgp-3ST). This
approach leverages the advantages of the ST over the LT and offers accurate
solutions for nonlinear FPDE:s in three-dimensional space.

The paper is structured as follows: Section 2 introduces the basic concepts of
Fractional Calculus. Section .1 investigates the main results and theorems related
to the Cgp-3ST. In Section 3.2, an iterative method is discussed, employing the
Adomian Decomposition Method (ADM) to address general nonhomogeneous
FPDEs. Section 4 presents a numerical experiment using the proposed method to
validate the obtained results. Finally, in Section 5, the paper concludes with a
summary of the research work.

2. Basic concepts

We present some basic definitions and concepts for fractional calculus
theory, which are used later in this paper.

Definition 2.1: The fractional RL integral operator of order @ > 0 for y > 0
is expressed as:

_inw—1
[P dx, w >0,

J%q(y) = @) (2.1)
a(») @ =0,
and the RL-derivative of the nth order is given by:
dan _ dan y-n—=-1 .
DFa) = 1 (1" 9) = 1= (fy G 9@ d¥).  (22)

While the RL derivative is useful in modeling real-world phenomena
with FDEs, there is a drawback associated with its use. Therefore, M. Caputo
proposed a new fractional derivative operator in his dissertation on viscoelasticity
theory in [23], which is as follows.

Definition 2.2: The fractional C-derivative of a function q(y) of order @ > 0
with y > 0 is defined as follows:
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- w)d q(y) — foy wq(n)@g) dx. 2.3)

rn—-o)
In this expression, n — 1 < @ < n, and the notation J™ ™ represents the

. . I L ..
fractional C-derivative of order n — @, while o denotes the n th traditional

derivative of the function q(y). This formula provides a way to calculate the
fractional C-derivative of a function q(y) in terms of its traditional derivatives
and an integral involving the Gamma function.

Definition 2.3: Let q: R* X R* X R* - R be a function. The fractional partial
derivatives of the function q(y;,y,,y3) with respect to y; of order w; € (0,1],
i=123 respectively, are expressed as follows, for y;,y,,y3 > 0:

dy'q = mlq(yi.yz.ys) = lim > [q(y1 + vy "y, vs) — a0 Y2, va)l;
dy2q = —mzq(yi,yz,ys) = llm- [a(ye, 2 + vy, 2 y3) — a0, 2, ¥2)];

0y3q = m3 a1 Y2, ) = lim “ [0y Y2, ¥s + V3 ™) — a0, ¥2 ¥3)] -

In these expressions, aYi represent the fractional partial derivatives of order

®;, i =1,2,3. These derivatives provide a generalization of the traditional
concept of partial derivative to accommodate fractional orders, making them
suitable for analyzing functions defined in three dimensions on the positive real
numbers.

3. Main results

We present the following theorem and some properties of the fractional
C-derivative, which elucidate the relationship between the Conformable Partial
Fractional Derivatives (Cppps) and traditional partial derivatives.

Theorem 3.1: For fractional orders w; € (0,1], i =1,2,3 and a function
q(¥1,¥2,Yy3) that is differentiable at a point for y;,y,,y3 > 0, the following
relationship hold: Cpgp with Respect to y;:

1 l(’ ( ) 1-w; .
0yq =+ mLQ(Y1,yZ,}73) =y, qyéiyyz” v, "a,6 i=123. (3.1)

These relatlonshlps demonstrate that the Cppp with respect to y; can be
expressed as the product of a power of the respective variable (yil_mi) and the

traditional partial derivative of q(y;,y,,y3) with respect to y;, i =1,2,3
respectively.

Proof: By the definition of Cpgp, for i = 1, we have
%1
P 01 Y2,Y3) = hm SLa0n + vy Y2, v5) = 40 Y2, ¥3)),

= lim —— (m1 5 lan +%,y2,¥3) —a(V1, Y2, ¥3)]

xX1-0 Xy

no 1};33; [a(v1 +%,y1,¥3) = (V1 Y2, ¥3)l,
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where J'cl = vyl1 ~®1 By using the same maner, we can see that
a®
P a0 Y2, Vs) = hm lan vz + vy, "Ly — a0 y2 va)l,

= lim (mz Y] [91, Y2 + %2,¥3) — a(V1, Y2, Y3)]

X0 Xy Y,

1 .
=y, ™ lim —~[q(v1, Y2 + %2, ¥3) — a1, Y2, ¥3)],

X2

%3 .1 -
5557 9072, 75) =ygn—[q(y1.yz,y3 +vy3 ") = 41,2, ¥3)]

= lim (ws 5 a0, Y2, Y5 + %3) — a1, Y2, ¥3)]

x3-0 X3 V3

1 .
=y, ™ lim —[a(Vy, Y2, ¥ + %3) — 41, Y2, V3],
X3—0 X3

where X, = vyz1 ©2 %y = vy31 ~®3_ This completes the proof.

The following properties showcase the versatility and applicability of
fractional differentiation in various contexts, including linear combinations,
monomials, and trigonometric expressions. They are valuable tools for solving
differential equations involving fractional orders.

Proposition 3.2: The following properties hold for a,b € R, w; € (0,1], [; €N,

i=1,23:

P1) Linearity of Differentiation: The fractional derivative of a linear
combination of two functions q(yy,V,,¥s) and q'(yy, ¥,,V3) with respect
to y; is equal to the corresponding linear combination of their fractional
derivatives with the same order @;. This property is a fundamental property
of differentiation.

ml(aq+bq)—a mlq +by mlq

P2) Derivative of a Monomial: The derivative of a monomial yll1 yz2 y;3 with
respect to y;, ¥,, and y; for fractional orders ®;, @,, and ©@5. It
demonstrates how the exponents of the variables change after
differentiation:

§B1+B2+®3

Iy, 1 1 (lﬁs)(lm)(lm)
aymlayEZayﬁ%( 1,02 3)—111213)1 1 1 2 2y33 3

Y1 Y2V B2

P3) Derivative of a Monomial with respect to y;: The derivative of a

monomial y1 y3 with respect to y; for a fractional order ®;. It shows
how the exponent of y; changes after differentiation:

0”1 11 L l l
s (y11y33) =1 y( 1 1351)3,31.

P4) Derivative of a Trigonometric Expression: The derivative of the given
trigonometric expression with respect to y; for a fractional order w;. It
illustrates how fractional differentiation affects trigonometric functions:
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w1 w3 W1 w3
J (sm <y1 ) tan <y3—)) = cos (yl—) tan <y3—>
33/1 @y w3 w1 w3
3.1 New results and theorems

We present results, theorems and properties provide a foundation for
understanding the behavior of the Cpp-3ST and how it operates on various types
of functions and their derivatives. These transforms have applications in solving
FDEs and analyzing complex systems in science and engineering.

Definition 3.3: Over the set of functions,

A1={ (ml>|EIK Tl,‘[2>0|q( ) ),ylmle(—l)jx[0,00)}.

The Cpp-ST of function q:[0,00) - R of the exponential of order is
defined by the integral as follows,

G, (W) = (Q(y1 )) e ﬁ’lq(uyl Lyy>tdy, oy > 0.

1 |y®t
< Kexp (; ;—1

Definition 3.4: For a given function q(y,”'@y,y, ‘@,), we define the double
Crp-3ST over the set,

w1 w2 1 W1 w2
Ao = a0, y2) ¢+ 3K,7,7 > 0,y 2l < Kewp (24 2 o
if j=1,2 and (3%, 5, %) € R%. And given by the integral,
G my,m) (U, Uz) = S((;ilyt:)Z) <q (J;sl_l'ymz_z) : (ul'uZ))
=5y exp( e )) q(ul— w2 )yml Y72 dy, dys,

where y1 , y2 2> 0, and u,,u, are the complex varlables.

Definition 3.5: For @; € (0,1], i = 1,2,3, the Cpp-ST of q(y," @y, y, @y,
w3 .
Y5 °@3) is defined as follows:

mz @3 @1
y Y o %1 ¥y y 1
() = S (aC 2 0y ) = [7 e mq(uy 2 2, 20y mit gy,

oo . V1 ;Jz v5? . _ [® -y 2w, il y;’ﬁz Y33\ w1
G, (u2) = S, (Q(m—l,m—z,;)-uz) =Jy e TG T Ty, Ay,

w2
W L Wy B3 ® w1 B2
@ Y Y Y. © 03 Yy Y. y w3—1
Gy () = S22 (@2, 2 20 ) = [7 €98 msg (A, 220, 2y dy,

Definition 3.6: For a given real-valued piecewise continuous function
q(y, @y, Y, 2wy, Y3 S @s), the triple Cp ST is defined as follows:

(B1,®2,®3) yml ymz ym3
Gy, mpmy) (W VW) =S, 10 (q (1—2—3—) t(wv, w))

W1 Wz W3

0 0 0 w1 w2 w3
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W1 w2 w3
q (uyl—.vyz—,wyg—S) Yy dyy dy, dys,

w1 Wy 2

The inverse triple ST is defined by
C((J’p Va2, 3’3) = S_l (G(EI1.E72.ET3) (u: v, W))

1 (®y+ico @1 1 r®y+ico @2
— _f 1 eyl @1 [_f 2 eyz w2
2mi

Wy —ico 2mi Y wp—ico
1 w3 +ico @3
x [ fwrim e¥s PGy o mo (W v,w) dw] dv] du.

Theorem 3.7: The Cpp-3ST for functions defined over the variables y; with
fractional orders w; € (0,1], i = 1,2,3. Let

5(131,132,133) q y;nl ygiz y:??’ = G,(u,v,w)
Y1.Y2,¥3) | wp w3 gL T L

§@1m2w3) [ o/ oyt v\ 2 G, (u, v, W)

o2 T oy "y " s ) ) T P (VW)
and k, 1, and m are constants. Then the following properties can be determined.
*  Linearity property: The Cpp-3ST is a linear operation. For constants k
and | and functions q and q', the Cgp-3ST of kq+lq' is equal to k

times the Crp-3ST of q plus | times the CxST of §', which can be
expressed as:

w1 B2 B3 w1 ®2 B3
5(131‘11’2‘5’3) ka2 Y2~ Vs + 1o’ (22 Y2~ Vs
( ) q ’ ’ q ) ’
Y1.Y2,Y3 ®; Wy 3 @ Wy W3

w1 (oy) w3 w1 o) w3
— 1, ¢(@,®2,®3) Vi~ Y2 V3~ (@yw@3) [ 1 (Y1~ Y2~ Y3~
- kS(Y1:J’2:J’3) <q(m1 "wy, | w3 )) + lS(YLYz'J@) <q <m1 '@y w3 ))
= qu(u, v,w) + le,(u, v,w).
. Constant Property: The Crp-3ST of a constant k with respect to the
variables u, v, and w is equal to the constant itself:

(©1,®2,®3) 7, _
Stryeys (ki (@,q,5)) = k.

. Product Property: The Crp-3ST of a product of functions involving powers
of yi, 1 = 1,2,3 is related to the gamma function:

@1 w2.w3) (Y1 P b2 ! s r.
S(yl'yz‘y3) (( @1 ) (132 ) w3 ) (k, L,m)
=T+ DI'(g + DHI'(r + DuPviw’,
where I'(-) denotes the Gamma function, and I'(n+ 1) =n! for n =
0,1,2,3, ... .
. Exponential Property: The Cpp-3ST of an exponential function with
linear arguments results in a rational expression:

(B1,B2,®3) (e(lyf1m1+myf2ﬁsz+ny?3ﬁs3)) — 1 )
V1,¥2,¥3) (1-lw)(1-mv)(1-nw)
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Multiplication Property: The Cpp-3ST of the product of two functions is
equal to the product of their individual Cpp-3STs:

w1 W w3 w1 w7 w3
§(P1w2.05) <q (yl— yz—y3—) q (yl— e y3—)> = Gy(w, v, W) Gy, (w, v, w).

V1,Y2,¥3) o ©y  ©3 ® w3

These properties are useful in various mathematical and engineering

applications involving the Cgp -3ST, allowing for simplifications and
manipulations of transformed functions. Let us illustrate as follows:

and

(®1,@2,®3) Lyt my, ny; >
S P28 gin [ =~ sin [ —2— ) sin { ——
r1,¥2,¥3) w7 @y w3
W1 w2 w3
@ . [y o} . [my, © . [(ny
=5, sin{= Sy, | sin 2 S.2 | sin| =2
1 W, 2 @y BE w3
_ lu mv nw
T (1+12u?) (1+m2v2) (1+n2w?)’

(0]
(©1,®2,®3) ly;nl mygfz nys 3 _ 1 1 1
S cos cos cos = .
r1.y2,¥3) @y wy [N (1+12u2) (1+m2v2) (1+n2w?)

Theorem 3.8: For 0 < w; <1, i = 1,2,3. The Cpp-3ST applied to the set of
derivatives

a‘mlq 972 q 6m3q 921 q aZmzq angq a3m1q
w7’

ayl 6y;152 ’ 6y§x3 ’ 6yfm1 ’ ayzzmz ’ ay321:53 ’ ayfmly

can be represented as follows:

5(131,132,133) <6m1q> — u‘l[G(u, v, W) _ G(O, v, W)],

r1.y2,¥3)

0yf’1

@2, 9%2q _
ey (ay;32> = v; [6(u, v, w) — G(w,0,W)];
@2, 9%3q _
iy (aygs) = w6 (v, W) — G(w, v, 0)];
62‘6!1 _ _ ~
Sorars) (,,ymf) = w26 (u,v,w) — u2G(0,v,w) — u'Gy, (0, v, w);
1
922
) (528) = v726(w,0,w) = w26, 0,w) = v Gy, (1, 0,w);
2
(@1 @2w3) (9%P3q -2 -2 -1
0123 \gy2@3) =W G(u,v,w) —w2G(w,v,0) —w Gy, (u,v,0);
3
K ; a3m1q _ _ _
Gryansy (,—,ysml) =u3G(u,v,w) —u=3G(0,v,w) — u"2G,, (0,v,w)
1
_u_lemﬁ (O' v, W);

6311!2 _ _ _
S(ml'mz'm3)< y3“’g) =v736(w,v,w) —v 36w, 0,w) — v 3G, (u,0,w)

V1,¥2,¥3)

i} 2
—v71Gy,y, (U, 0, w);
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3w
S((le;:zy:?) <Z}/T;2> =w3G(w,v,w) —w3G(w,v,0) —w2G,, (u,v,0)
3

—-w1lG

Vays (u,v,0).

3.2 New iterative method

In this section, we propose an iterative method that combines the ADM with
conformable fractional calculus techniques to solve the nonlinear term of a given
PDE in a conformable sense. The ADM is a powerful analytical method for
solving nonlinear PDEs, and in this context, it is applied to handle the nonlinear
terms of the PDE while conformable fractional calculus techniques are used to
account for fractional derivatives and integrals. The use of such an iterative
method can be beneficial in solving PDEs with complex nonlinear terms that are
difficult to handle using traditional techniques. The combination of ADM and
conformable fractional calculus allows for the systematic decomposition and
solution of nonlinear terms, making it a useful approach in mathematical
modeling and analysis of various real-world phenomena.

Consider the following nonlinear FPDE:
a_<q (___)) o (2 2020 o g (422 A7)

oy, W Wz W3 W) Wz B3 W Wz W3

3.2)
(2
w1’ wy w3
where n € N and ©; € (0,1], i = 1,2,3 with the initial conditions,
oo v? )| o ( 2 ys”
ay;iiln—l (q (0, @z ) @3 - Gmln—l 01 @z ’ @3 ’ (33)

where L and N address the linear and nonlinear partial fractional operators, and
F(:,-,+) is the source term. The following are the steps to determine the analytic
solution of Eq. (3.2) using the proposed iterative Adomian Sumudu transform.

Step 1: Applying the Cpp-3ST to Eq. (3.2), we have:
soumms (0 ([ (7 9 i
V1.Y2,Y3 ayf’ln q w1 wy w3

FSTP2T3 (] 0y | GPLTRTS (s gTL T2 (F (ﬁ e E))

Y1,Y2,Y3 Y1,Y2,¥3 Y1,.Y2,Y3 o wy w3

Therefore,
-n n-1 ,,k c®2,®3 y?Z y—f3 ©1,W2,B3
uG(w,v,w) — XkZo utS,50 O,E—z,m—3 1+8,.5,5, (La) +

W1,W2,®3
S)’1J’2‘J/3 (Nq)

= §BL®2®s ( it vt s (3.4)
Y1,.¥Y2,¥3 w;  ©, w3 .
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Step 2: Apply the inverse Cgp-3ST, and Solving for g(-,-,-), we get:

W, W2 W3 W, W2 W3
<3’1 Yo" Y3 ) _ F<3’1 Y2 Y3 )
] ) - ) )

W1 Wz W3 wW; Wz W3

(3.5)

—SupwW[Sy 5577 (La) + Sy 80 (N},

where F(-,-) can be obtained from the source term and prescribed initial
conditions.

Step 3: Apply the Adomian Sumudu transform method. Let the general solution
of Eq. (3.2) be an infinite series:

@1 w2 w3 W1 w2 w3
Vi~ Y2 " V3 _ V' Vi~ Y2© V3
q<_;_;_> - Zn:O qn (_I_I_)l (3'6)

®W; W2 w3 wW; Wz W3

and the nonlinear term can be represented as Adomian Polynomials:

w1 02 03
Na (%220 50) = 52, Ay, )

w ' @y w3
where A, is the Adomian Polynomial of q;, i = 1,2, ...,n and it can be obtained
by the following formula:
1[o" o0 i
A= 5[ IR wi)] (3.8)

Using Egs. (3.6), (3.7) and (3.8) in Eq. (3.5), we obtain,

W1 (0)) w3
Zoo q Y1 Y, Y3
n=0 Yn W 4 w5 4 w3

B } , - y‘ﬁSl yﬁSz y‘m3
= F(y1,¥2,¥3) — Supwiu® [S;By?.zy? (L Xn=o q"(ml_l';_z'z;_g))
+N Z?f:o An]}

Step 4: Comparing both sides, we obtain recursive relations:

ot oyt s
w1 Wy w3 F (& 2 3 n=20
n(yl_’yZ_’y3_)= (131'132'133 g !
w1 Wy w3 -1 n—-1 W1, W2, W3
_Su,v,w{u [Syl,yz,y3 (Lan-1) + NAn—l]}' n=1,

Step 5: The iterative solution to the given problem can be approximated as the
dynamic analytical solution (3.6).

4. Applications

In this section, we demonstrate the application of the Cgp -3ST in
conjunction with the ADM to solve nonlinear FPDEs. This approach appears to
be a novel and powerful technique for addressing nonlinear FPDEs, combining
the capabilities of the Cpp-3ST to handle fractional derivatives and integrals with
the systematic decomposition and solution procedure of ADM.

Example 4.1: Consider a dynamic nonhomogeneous nonlinear FPDEs with
initial conditions:
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amg,q am1+m2q 62‘mlq

ayS 3 ayz 2 aylml aylml

=0, @.1)

under the initial condition q(0, ¥,,V3) = V,¥s, and where w; € (0,1], y; € RY,
i = 1,2,3. By employing the Cpp-3ST on both sides of Eq. (4.1) and using
obtained results we get,

9TB11T®2 q aZﬂilq

-1 ®, W2, ®
w [G(u, v, W) - G(O, v, W)] —Sy11y2 ?}13 3 <6q W + m) (42)

With the help of the initial condition and applying the inverse Cpp-3ST to
Eq. (4.2), we obtain,

0m1+m2 q 0

6O Y29) = Sibu(ow) = Sibus [WSTHTT? (60 -2prmmr + vt |- (43

By applying the proposed method, it leads to the generalized recursive
relation:

Y2Y3, n=0,
where A, is the Adomian polynomial which is given by
An n' Ow" (Zz oW QL)l(u 0 (4~5)
Let the nonlinear term be expressed as:
0m1+mzqn
Flan O y2,¥5)) = tn 5w or (4.6)

Therefore Eq. (4.4) leads to,
= =6y, 7%y, T + (1 =m0y, " ysly
G = (18[1+ 2~ )2 ~wy)ly;, "™y, ™
+3(3 — 2w,) (2 — 2w3)y; P2y
+5 (1 = @) (A — 2w,)(1 — 3wy, "2ys)yt.
The proposed solution can be obtamed in series form:

AL Y2 ¥3) = ¥os — [672 "2y ™ + (1 —©)y; 2ys|y
+(18[1+ (2 — mz)(z w3)]ys FTrys A
+3(3 — 205,)(2 — 2w3)y.~ 3’”2y§ s
+2 (1= w,) (1 — 20,) (1 — 3wy)y, *™2y3)y? +

To get the exact solution for an integer order PDE, let us take @; = 1
(i =1,2,3), then Eq. (4.7) reduces to,

a0y, ¥2,¥3) = ¥2¥3 — 6Y1¥2¥3 + 36y1y,y; — 216y y,y;
+ o =YY Xpmo (1" (6y1)™
In the next example, we consider new type of FPDE.

1-2w;

4.7)
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Example 4.2: Consider the following dynamic nonhomogeneous nonlinear
FPDE:
%24 a“’3q 9°T1q
ay, Y%z By ay1

=q(V1, Y2 ¥3), ®; € (0,1, y; ERT (i =1,2,3), (4.8)

via the initial conditions:

4(0,¥2,¥3) = ¥2¥3, 4y, (0,¥2,¥3) = —1. 4.9)
Applying the Cpp-3ST to both sides of Eq. (4. 8), we have:
@y 9751 Rory 9%2q 9%3
Syryams (ayf""j> = Sy s (aymg aymg CI(Yl'J/z:}’s))- (4.10)

Using the obtained result, we get:

0%2q 03
G(w,v,w) = G(0,v,w) + uGy, (0,v,w) +u2sy 47" ( ayfi ay—mq - q(Yl:YZ:YS))

_ _ 0®2q 93
AL Y2 Y3) = Sitow W — 1) + S5k ) ( TR (ay;n‘l ﬁ - q(Yl:YZ:YS))) :

(4.11)

Applying the proposed method, we get the recursive formula:
{3’23’3 —Vu n =0, @.12)

On =3 o .
" S(ul,v,w) ( 25321;223/1:3 (An - Qn)) , nz1,
where A,, is the Adomian polynom1a1 which is as follows:
An n‘ ™ F(Zz oW ql)la) 0- (413)
Let the nonlinear term be represented as:
9%2q, 0%3qy,

Flan) = 5508 550 (4.14)

These Eqs. (4.12), (4.13) (4.14) gives:

%211;2 2—-w3

v3
Y Y V3 —_}/2}’3 3,'

3-2w,, 3—-2W3 y1 2—-wy

5
vi
2= (4~ w3 — @) 4.y2 s TRy TRy Ay ys =2
Therefore, the analytical approximate series solution is:

2
2w, 2-w3 V3 yf)

a1 Y2,¥3) = (V2y3 — y1)+( L U PN e ey
(4~ @3 — @) 2 y23 2wz 37203 (4.15)

yi 2- 2— v
==V, vy o4 1yzya—;)+

where @; € (0,1], y; € R*, i = 1,2,3.

5. Conclusion

This study is dedicated to the exploration and application of the Cgp-3ST
in conjunction with the ADM. The primary focus of this work involves:
Establishing and defining the Cgp-3ST. Investigating and presenting novel
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results and theorems related to fractional conformable transformations. Applying
the newly introduced Cpp-3ST in combination with the ADM to achieve
consistency in solving nonlinear dynamic models, encompassing both
homogeneous and non-homogeneous three-dimensional PDEs. The effectiveness
and applicability of this innovative methodology are demonstrated through
numerical experiments, validating its proficiency in handling complex nonlinear
problems. Furthermore, it is worth noting that this method is versatile and can also
be effectively applied to linear FPDEs, extending its utility to a broad spectrum of
mathematical models. By integrating the Cgp-3ST with the ADM, this work
contributes to the advancement of fractional calculus techniques, providing a
powerful tool for tackling intricate mathematical problems across various
scientific disciplines.
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