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Abstract: In this study, a conformable double Sumudu-Elzaki (CDSE) transformation and a decomposition method are combined to
develop a new method that solves nonlinear problems considering some specific conditions. This combination can be referred to as
the CDSE-Decomposition method. Furthermore, we explain and discuss the main features and main results of the presented method.
The CDSE-Decomposition method presents analytic series solutions with high convergence to the exact solution in a closed form. The
benefit of utilizing the proposed technique is that it presents analytic series solutions to the objective equations without the requirement
for any constrained assumptions, transformation or discretization. In addition, various numerical experiments are presented to prove
the efficiency of the obtained method. The results show the power and effectiveness of the proposed approach in handling a range of
physical and engineering problems that arize in mathematics.

Keywords: Sumudu transform, Elzaki transform, conformable double Sumudu-Elzaki transformation, decomposition method,
Conformable partial derivative.

1 Introduction, Motivation and Preliminaries

Fractional partial differential equations are essential for simulating a variety of real-world applications in science,
including physics, electrical circuits, fluid dynamics, optics, and mathematical biology [1,2,3]. An interesting definition
given by Khalil et al. [4] is called a conformal fractional derivative, which satisfies most of the conventional properties of
derivatives.

Numerous mathematicians and researchers have recently created novel techniques for solving conformable fractional
partial differential equations, including the conformable Laplace transform method [5], the Exponential rational function
method [6], the Simplest Equation Method [7],the reliable method [8], the modified double conformable Laplace
transform [9], the Tanh method [10], the conformable double Laplace transform [11,12,13,14], the conformable double
Sumudu transform [15,16], the reduced differential transform method [17], the conformable double Laplace
decomposition method [18], the conformable double Sumudu decomposition method [19], the conformable triple
Laplace transform decomposition method [20], the conformable triple Laplace and Sumudu transforms decomposition
method [21],and the conformable double Laplace - Sumudu iterative method [22].

The double Sumudu-Elzaki transform method, a novel double integral transform strategy, has been successfully
developed in the recent years to solve variety kinds of partial differential equations [23]. Unfortunately, this transform
has difficulty with nonlinear situations, much like other integral transforms do. Additionally, mathematicians have
developed novel methods that incorporate transforms with numerical techniques, including variational iteration,
decomposition, perturbation, and others [24,25,26,27,28,29,30].
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In this research we consider a conformable linear fractional partial differential equations of the form

omo2 ut Y L ut y% ut y%
5ot (55 v (50 5) (v (505)

f(”l91 Vﬂz) Y, 0< Byt < eN "
= 9 0 A ) a0 a ) ) >~ 1, mn )
%) O % ‘
with the initial conditions (ICs)

. D

a]ﬁzw(%’o) (e i=0.1 1 2

W*gj Fl J =Y, L,...om—1, ()
and the boundary conditions (BCs)

8’”’11;/(0,%) v

W:hk(g),k:(hl,...,n_l, (3)

where N (l[/ (%, %)) is a nonlinear term, and f (%, %) is the source term.

As part of this work, we offer the CDSE-Decomposition method for analyzing the applications presented in the shape (1),
taking into consideration the circumstances (2) and (3). The conformable double Sumudu-Elzaki methodology is typically
modified, and we do so by combining it with the decomposition method [31,32,33,34] to create the CDSE-Decomposition
method. In contrast to other numerical approaches, the CDSE-Decomposition method allows a speedy convergence to the
accurate solution without making any constrictive assumptions about the solution, and it requires neither discretization
nor differentiation. For more information, see [35]. The goal of this work is to provide a faster method for determining
the precise solution of nonlinear conformable partial differential equations using CDSE-Decomposition method.

This study introduces main definitions and characteristics of the CDSE transformation, then we introduce the main idea of
finding accurate series solution solutions of the given equations using CDSE transformation coupled with a decomposition
method introduced approach, and finally we presents some applications to show its reliability.

2 Conformable Fractional Derivative
In this part of the study, we introduce some basic definitions and theorems related to the conformable fractional derivatives.

Definition 1.[4] Lerm <O <m+1,m €N, and y : (0,00) — R, then the O order conformable fractional derivatives
of v is defined by:

Doy 1,,([19171)(%81,[19176)_l,,umfl)(v)
y(v)=lm

, v>0, 0€(mm+l]. )
£—0 €

As a special case, if © € (0, 1], then we have:

DOy () = tim YOO V)

, v>0, 0€(mm+l].
&£—0 €

Definition 2.[36] Letm < ¥, % <m+1,meN, and y(u,v) : R x (0,00) — R, then the conformable partial derivative
of order ¥y and ¥, of the function y (u,v) is defined by:

yl91-1) (u 1 Sultl-t ,v) — P01 (4, )

DY = li

u'y () = lim 5 : 5)
(2= (M,Hng—ﬂz) — 201 (4, )

D>y (u,v) = lim ) (6)

-0 €

»

0
where u,v > 0, D,?] = ;u—ﬂll and D‘?z = gv—gz are referred to as fractional derivatives of order ¥ and ¥, respectively.
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Theorem 1.[14] Suppose that ¥ (u,v) be a differentiable at a point u,v > 0, 0 < ¥y, B < 1, then:

Ity o410V

auﬁl =u 37 (7)
a62‘!’7 7192+181V
P ®

In the following example we present some basic properties of the conformable derivative.

Example 1. Suppose that 0 < 9,9 < 1,and ¢,d, A, and u € R; then
oY ubt % ubt ™ oY utt > L ub %
55 |\ YV +d¢ S VYl o +d —195 w0 o )
Jdu® 19 192 19 192 Jdu® () Jubi (L))

192 u
0 ()L +uﬂz) ”elﬂ—lﬂtﬂz,

ovo
% P ] WM v
8319 (elﬁlﬂlﬂz)zkell 'ui’z,
uvl

P L] u™ y ur\ | /v™

m(Sl <191)Sln<19‘2>)005<?1>51n<g>,

%2 ) ud y02 ~(ut y

8\;—1’2< (ﬁl)sm<ﬁz)>sm<?l>cos<g>.
3 The Consequences of the CDSE Transformation

In this section we present some fundamental definitions and characteristics about CDSE transformation.
Definition 3. Ler v (u,v) is a function of two variables u,v € R™, then

(i) The conformable Sumudu transform of ¥ (u,v) with respect to u, denoted by Sy [w(u,v) : w] =W (w,v) and defined

as.
u%1

S Ty (u,v) w] =W (w,v) = %/:efm v (u,v)dg,u, u>0. 9)

(i) The conformable Elzaki transform of w (u,v) with respect to v, denoted by EX [w(u,v) : q| = ¥ (u,q), and defined
as:

EX [y(u,v): q]="¥(u,q) —CI/ e qﬂzwquﬁzVV>0 (10)

(iii) The CDSE transformation of ¥ (u,v), denoted by S, HED (v (u,v) : (w,q)] =¥ (w,q) and defined as:

SYEY [y (u,v) 1 (wq)] = / / B T] % w(u,v)dﬂlud%v, (11)
or

SPER [y (u,v) : (w,q)] =¥ (w,q) 61// o w(wu vq)dyg,udyg,, (12)
where g,w € C, d@lu—u —ldu, andd@ZV—vf’2 Ldv.

Recall that: SJ'E™ (W (u,v)] = E>SY [w(u,v)], when v (u,v) satisfies the necessary conditions [37]. The inverse
-1 -1
(S;?]) (Evﬁz) [¥ (w,q)] = ¥ (u,v) is defined by:

o) ! -1 1 ptio ] u®1L [ 1 pOtie 02
(Sul) (Evﬂz) [T(W’Q)]ZW(“’V):z_m/p,i e {2—7” /(H_ ge" ¥ (w,q)dq | dw. (13)
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Theorem 2.[15] Assume that y : R x (0,00) — R such that SHED [W(u,v): (w,q)] =¥ (w,q) exist, then

Sl?l Ev192 [W(uav) : (WaQ)] = Suky [W(uvv) : (W7‘I)]7
where

SuEy [W (u,v) - (w,q)] =¥ (w,q) = %/Om ./O‘mei(%Jrg)w(u,v)dudv.

Theorem 3. The CDSE transformation for a few functions is provided below.

(i)
SES [z ()] = SuBy[e: (w.q)] = cq’c € R.
(ii)
s ud p 5
SUED <19 > <E) c(w,q) | = SUE, [W"™" : (w,q)] = mInW"q" " m,ne€ ZT.
1
(iii)
SﬁlEﬂz ecl%+02% . (W q) —S E [ec1u+02v . (W 6])] _ q2
e R e Y (1—cw) (1 —c2q)
(iv)
B % 3
SUED [sin (cl L;—l) sin (CZVE) : (w,q)} = SuE, [sin(ciu)sin(cav) : (w,q)] = 0 _:;?;wz 0 —izcz 7
(v)
O g2 o2 - —q’
STEP? |[1—e”% 1 (wq)| =SuE[1—€e?: (w,q)] = Py
— 9
(vi)

7C]CQWQ3
(1—caq) (1 +c12w?)’

s | (12 5 )sin (%) 00)| = SUB (1= e sinfern): )] =

Proof. Here, we provide evidences for the results (i), (ii), and (vi).
(1) gives us

l
ﬁ 1 ©° _u oo _Y
SUER[c: q/ / ’ q% cdp udg,v = (;/0 e wcdu) (q/o e 1 (1)dv) = cq’.

(ii) gives us
u | v V W2
S'?I E‘?z |: +b 2 :| / / wﬂ, qﬂz a 19] Lipr2 5 dﬁl ud%v

= l/ e weMdy q/weigebvdv _ 1 qz .
w Jo 0 1—awl—bg

For (vi), we have

) Y v %
SUED {(l—eczﬁ)sin (q%) ] q/ / (1—e621’2 )sin (cl%)dﬁ]ud@zv
= (—/ e~ wsin (cru)du ) (q/ e (1 —eczv)dv)
w Jo 0

caw —Czq3
1+ci?w?l—cyq

= Su[sin (ciu) : W] E, [1 — e : q] =

Theorem 4.[38] Ler 0 < ¥, < 1, and y (u,v) : [0,00) — R, we have
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(i)
s o)) = 222 [w (0T o) ] B s = v (w0 ) 1.
(ii)
VB v 00) ()] = .5 v (010 (020 )+ ).
Theorem 5.[39,40] [f the CDSE transformation of y (u,v) exists, then

1

SPEP Ty ) n)l = 1282 |yl (1.2)]

where
LILY [y (u,v) - (w,q)] = ¥ (w,q) / / >W(M,V)dﬁludﬂ2v,
is the conformable double Laplace transformation.

Theorem 6. Assume that y (u,v) and & (u,v) are two functions with the CDSE transformation. Then,

SV E [ery (u,v) + 2§ (u,v)] = S EP [ (u,v) : (w,q)] + c2STER € (u,v) = (w,q)],

ii.

¥
s [ec, ey 252 v (u,v) = (w, ‘1)} ;i;zilp(wrwclw’ 1+qczq) ’
ii.
SB[y () s )] = 1 (o ) ar =A%
iv.
s S S ) )| = LT (LS ) s ()]
Proof.

i.The use of the CDSE transformation specification makes the proof of (i) simple to demonstrate.
ii.

et L%
S;’IE‘?Z e 179, 279, ‘I’(’/‘ v :| / / e 19 275, W(M,V)dﬂ]lfidﬁzv
9 A
*(lﬂrcl)"ﬂ— ( +2)W
== e " u,v)dy, udg,v
i V (u,v) o, ud,
oo oo cw Y I+coq CP)
B q/ / ,(%)uT,(iz)vi
=1 e 1 7 ) % y(u,v)dy udy,.
wlo Jo v (u,v) Y U,
Putting p = W’ s = chq then

191 192 ] Wt
S,?'E\?Z 1y —0 Y 5 ‘I’(U V) : (w q)} + g ( / / e pﬂl sﬂQ ‘I’(” V)dﬁludﬁz\/)

14+cw
_1+c2qlp( s)_l—i—cqu w q
T+cw l+cw \l4+cw' l4+cq)’
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iii.Suppose Y= Aw and 1 = pv, then

2

71 o2
SUED [y (Au, uv) : q/ / ( o o Y (Au,uv)dy udy,v

e W”I < / e ‘1’921// (Au [,Lv)dlyzv> dy,u

[,LﬁZW e T 2192 l[l(/'{u n)dﬂzn> d191

Y
1 oo 75_] q 1 <1 *WYT q
:—ul’zw./o e ﬁllP()Lu’M_ﬂz)dmuiuﬂ?lﬂl/o e “""P<%u—ﬂz dy, Y

1 w o q
~ ()
iv.Here, by combining Theorem 5 with Theorem 2.1 from [12], we obtain,

"ot "1 11
m+n o v . _ a4 \mtng o v R
( ) S E [ ﬁm 195; W(“av) . (WaQ):| ( 1) L L |: 19’” 192” l//(u,v) : (w’q)}

w
- 2 aern B, ) l l
7w8wm8q” (Lu Lv l[/(l/l,V). W,q
m-+n
g (SSMER W) (ng)]).

T w awmadg"
Theorem 7.[22] Suppose that y (u,v) is a function ofexponential order a and b defined on the interval (0,U) and (0,V),
then CDSE transformation of y (u,v) well-defined for all - and 1 provzded that Re[ } > a and Re[ ] > b.

Theorem 8.[22] If SJ'E (W (u,v)] =¥ (w,q), then the CDSE transformation of the conformable fractional partial
ks can be represented as follows: 0 < ¥y, th <1

aﬂ
derivatives 2= and

du? v 1’2
Nyl 1 1
Y — -
SE; [8 5, } = W‘I’(w,q) W‘I’(O,q)7 (14)
2y 1
B ph Z _
S)UE; [3 5 } q‘I—‘(w,q) q¥ (w,0). (15)

Proof. Here, we proceed with the result’s proof (14),

1 o o
u 819 w yU2 o0 ] ! 819| w
Y M’l 41’2 _ ~ g0, 001 / — WO 6]71
S,E; [auﬂl} / / 5.0 dﬁludﬁzv q/ e My ( A we 1 EE du)dv (16)

»
lﬁv =y 0t %—f We plug this outcome into Eq. (16). Therefore, Eq. (16) becomes

oy 1 % Jy 1 1
S;’IE‘?Z |:au191 :| 7q/ e 4192 (/ —e U o du> d%V—q/ e ‘1’92 (;W(O,V)#’;T(W,V)) dﬂzv a7
= —‘P — —‘P 0,9).
¥ (wg) - —¥(0,q)
The same method can also be used to demonstrate the final result (15).
The results mentioned above can be generally expanded as follows:
af’l19| w akﬂ]
9 . —n+k %
SUE! [8»;’“’1] w " (w,q) kz:w ok [aukﬂlw(O,v)}, (18)
amﬁzw m—1 ajz?z
B g — 2—mtj
Su'Ey [8\;’“’2}_6] "W (w,q) — Zq " fSu'[a 7o W (u, 0)] (19)

J=
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Theorem 9.(Convolution Theorem) Assume that y (u,v) and & (u,v) are two functions with the CDSE transformation,
then,

SUED [(yx+E) (u,v) : (wq)] = gw,q)sz(w,q),
where

(y*+&E) (u,v) =/Ou/ovw(u—n,v—7)€ (n,y)dnady.

Proof. Using Theorems 5 and 2.2 in [12], we obtain,
q 11
SHER (w58 ) () = 1201 (B ) (5.7

-t o (1 )0 s (1)

= gs:,’l EZ [w(u.v) : (w.q)] SUED [E(uv) : (w.q)]

= %‘P(mq)ﬂ(w,q)-

Table 1, below introduces CDSE transformation for some basic functions

Table 1: CDSE transformation for some functions of two variables.

Sr. No ‘ l[/< ad Vﬁj) ‘ SPED [C(g,l Vg)] =¥ (w.q)
c cqz,ceR
WO
3 L1 ety Wﬁ
4 sin (cl I Te ;f) %
5 CcoSs <c _+62E) m%
6 sinh (c1 5 27 ) (B ] Cj'ﬁ(ﬁ”f_) ]
7 cosh (CIT.+C2%) lfgéuz
v R

4 Principle of the CDSE Transformation Combined with Decomposition Method

In this section, we used CDSE transformation combined with decomposition method to look for the solution of Eq. (1).
Applying the CDLE transformation to Eq. (1), we get

m—1 . I ud n—1 pLas! o2
—my _ 2—m+j ot i —my _ 7n+kE192
q (w,q) ;)61 Su |:av/191 W( e 70):| +w (w,q) I;)W v Qukt v (0, _192

N (20)
L SMED [N(w(gg))} — F(wg).
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Using the conformable Sumudu transform for the ICs (2) and the conformable Elzaki transform for the BCs (3), one can

obtain,
0 a7 (19 ’O)
Sul W :Gj(W),jZO,l,...,mfl,
8’“’lw<0,%)
E‘?Q W :Hk(q),k:O,l,...,nfl.

Using Egs. (21) and (20), we can say that:

q " (w,q) — Zcf "G (w) +w T (wiq) — Zw " Hi(q)
j=0 k=0

=F (w,q)—SDE> [N ("’(%%)ﬂ '

n—1
W(wg)=glg " +w] ( Y G w) + Y w  H (q) + F (w.q)
k=0

=<k

. 0\ Lo\ E u Y vﬂz
Taking ( S, E, of Eq. (23), we get the solution y == ) of Eq. (1)
1 m—1 ) ) n—1 '
- < Y G () + Y H(g) + F ()

Simplify Eq. (22), we get:

v(5 )= () ()

s (v (5%))])

Use the decomposition strategy now by assuming,

u® hind u®
"’<191’z92>iz()"”<191’z92>'

Decomposition of the nonlinear term yields:

regarding a few Adomian polynomials

1 d <
Ai(IIIOvII/lle/Qv"'a‘I/n) = l_'ﬁ [N <Z)Llllfl>
' i=0

By replacing Eqs. (26) and (25) in Eq. (24), we obtain:

i=0,1,2,---.
A=0

% %

Twi(5 ) = () ()
£al)

i=0

1 m—1 o n—1 B
i (LG 04 )+ F )
j=0 k=0

sy

1)

(22)

(23)

(24)

(25)

(26)

27)
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After that, we have the following recurrence relationships:

%(g,g) —(s0) " (e2) "

m—1 n—1
! (Z g "G (w)+ Y, w Hilg) +F(w,q>>] . (28)
k=0

qu + W*}'l

j=0
ub % s\ ! —1 1
) = ¥ % gt
Vi <191 , 192) == (s) " (E2) [qmw,,sulb} [Ar]}, r>0. (29)
Thus, we have the following as the solution to Eq. (1)
(52w () en () om0
v 1917192 Yo 1915192 Vi 1917192 [%) 191,19‘2 .

5 Elucidative Examples

This section provides some examples on nonlinear conformable fractional partial derivatives are solved to demonstrate
the performance and the efficiency of the CDSE-Decomposition method.

Example 2. Consider the following nonlinear conformable fractional partial differential equation

%y Yy
avﬁz +w8u19] :07 0<§]7192§1; (31)
with The IC
o) = sin (1 32
W(?la )_Sln(vf])a ( )
and the BC
(0 Vﬂz) 0 (33)
v(05 ) =0

Solution. Operating the CDSE transformation to (31), conformable Sumudu transform on Eq. (32), and the conformable
Elzaki transform to Eq. (33), we get,

2 U
L R Yy
Y(w,q) = 7(1 ) gS)'E;} [y/ 3 } . (34)

Taking (S:?l) - (E;’Z) W ()] of (34), we get

udr L ut o\ () ! 9 by %y
W(E;E) = sin (?l) - (Sul) (Ev ) |:qSu]Ev |:W Jut :|:| : (3%)

Now, applying the decomposition method, we substitute Eq. (25) in Eq. (35) and with the results in Equations. (28), and
(29), we get the following solution components

udt u™
Yo (E’E) = sin (Fl), (36)
uﬁl vﬁz 5 —1 5 —1 By 0 8191 WO v192 . u
n (55 ) == (o) (8) asver [we || = -Ton () 7
ut % o) ! % -1 O by 319]% 319]%
V2 (UT’E) :_(S“l) (E" ) [qSu]Ev {% 2 Vo H

B 22 ) 2,/,15‘1 u® s u® 2,/,15‘1
= 21922 sin o cos £y sin o cos o ,

© 2024 NSP
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ut p o) ! % -1 9 ph aﬂ]WZ 31"#’0 31911’/1
v; (E’E) ——(sm) () [qSu‘Ev [‘/’0 qun Va0 ”

V92 . 4u191 5gin? u? . zu’s‘ (39)
=— sin { 4— | —5sin“ [ — | sin ( 2— .
1293 ™ H %
As a result, we have the solution to the Eq. (31) as:
() o () o) () (5) () ()
—,— | =sin| — | — —sin | 2— —— | sin{2— |cos | — sin{ — | cos {2—
Yoo o ) 20, "o ) 202 9 9 9 Y
(40)
V02 . ud .0 ud . ud
— ]21923 <sm (4F1> — 5sin (Fl) sin <2?1)> .
the exact solution if ¥ = % = 11s
v V2
v (u,v) =sin(u) — 3 sin (2u) + 5 (sin (2u) cos (u) + sin (u) cos (2u))
(41)
3

- ;—2 (sin (4u) — Ssin?(u) sin (2u)) .

In the following figure, Figure 1 we sketch the approximate solution of y (%, %) for Eq. (31) at different fractional
orders ¥ = ¥ =1,0.9,0.8.

— ﬁi=ﬁ1=1
— gy =8y =03
— g4y =53 =03

e, vk

10} ===

Fig. 1: The approximate solution of y <%, %) for Eq. (40) at ¥y = ¥ =1,0.9,0.8.

Example 3. Consider the fourth order KAV problem of nonlinear conformable fractional partial differential equation

aﬂzw 940 v 9% v 92t v
oy + Jdutt + lI/8u’91 ad Juh

u® Wt
W(E’O) :eﬂl s (43)

=0, 0<®, % <1, (42)

with the IC
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and the BCs
o2 o2 2 v %
07_ = Yu 07_ = Yuu Oa_ = Yuuu 07_ = % 44
w<%>w<ﬁz)w<ﬁz)w<ﬁz>e @

Solution. By implementing CDSE transformation to (42), conformable Sumudu transform to (43), and the conformable
Elzaki transform to (44), we get,

2 4 2% 8191
_ q Qv ey [, 9 _ |4
—1 —1
Taking (S:?l) (E;’Z) (¥ (w,q)] of (45), we get
IR N Y L T gt Py vy
ut VRN ol - 0 o) [ oo _
w<1317192>e e +<S“l) (EV ) [‘I—I—W“SMIEV {wauwl "’aum” o

Now we use the decomposition method (25) in (46) and get the following solution components through (28) and (29).

uﬁl vﬁZ ﬂ ,&
wO(?,@)“‘ %, (47)
uﬁl v192 s 1 1 C]W4 o aQﬁlwo 81911”0
o () = () () [ [ — wo ]| <o “

4 20 20
qw" 9 9"y 7"y,
g B K"" P

(55) =) ()’

49
8191 WO 8191 llll B O ( )
-\ dut TV dut o
As a result, we have the solution to the Eq. (42) as:
9 % P )
w(%%) —e e ™, (50)
the exact solution if ¥ = 1% = 11is

y(u,v)=e'e " =e""". (51)

In the following figure, Figure 2 we sketch the approximate solution of y ( %, %) for Eq. (42) at different fractional
orders ¥ =% =1,0.9,0.8.
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Example 4. Consider the diffusion problem of nonlinear conformable fractional partial differential equation

Iy Py, (9ty?
g = () o< mmst
with the IC
uﬁl 0 ugl
—_ = 1
v (5 0) ="
and the BCs

Solution. According to the previous examples, we obtain the following solution components

utt Y% Pl )
Yo =eh ,gﬂz,

T
- (%)

w () = () () e
V2 (TI’E) B (S:?])il (Evﬁz)il [ZquS:?]E\?Z [(Cwoyr) — (214/()”1,/1“)]] =0.

w

0,

ut %
w2 —

As a result, we have the solution to the Eq. (52) as:

putting ¥y = ¥, = 1; we get the exact solution,

(52)

(33)

(54)

(35)

(56)

(57)

(58)

(39)
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In the following figure, Figure 3 we sketch the approximate solution of y (%, %) for Eq. (52) at different fractional
orders ¥ =% =1,0.9,0.8.

e, v}

Fig. 3: The approximate solution of y (%, %) for Eq. (58) at ¥ = %, =1,0.9,0.8.

Example 5. Consider the following nonlinear conformable fractional partial differential equation

9% P 92t
av;j’—(aulﬁ’) —ySr =0, 0< Dyt <1, (60)

9 9\ 2
o(50)-(5)°

Solution. Applying CDSE transformation, and conformable Sumudu transform to Eq. (61), the result is,

aﬁ|w 2 azﬁ]w
(814191 ) +u/auw] . (62)

with the IC

¥ (w,q) = 2w?q* +qSPED

Taking ( }?l) - (E;’z)fl ¥ (w,q)] of (62), we get

uﬁ] Vﬁz Mﬁ] 2 5 —1 o —1 aﬂlw 2 a2191ll/
v(5 )= (5) <) (=) (5mr) +¥5mr || )

Now, applying the decomposition method, we substitute Eq. (25) in Eq. (63) and with the results in Egs. (28), and (29),

we get the following solution components
Byt 9\ 2
u® v u
— ==, 64
Yo ( £} 192) ( £} ) (64)
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48, E”

"y’ L)
( dud ) Vo du?

uB % o\ (! W\ 2 [/
Vi <?1’E) = (Su ) (EV ) =6 <?1) (E) (65)
ud oy 5\ ! o -1 P 3191% 319“/’1 321911/’1 32191%
Y2 (FI’E> = (Sul) (Ev ) [qSulEv [2( S )(8»#91 )-l—lllo 920 + ¥ D20 ”
9\ 2 N 2
(%) (%)
% (%)
As a result, we have the solution to the Eq. (60) as:
u?1 2
u®t yo2 ur\’ u?\ > /v W\ v (19_1)
‘”(E’E)(E) *6(?1) <E>+36<E) <E> T (Y (©7)

the exact solution if ¥ = % = 11s

(66)

u2

“1-6v

v (u,v) (68)

In the following figure, Figure 4 we sketch the approximate solution of y (%, %) for Eq. (60) at different fractional
orders ¥ = 9% =1,0.9,0.8.

e, vk

0.0 0.5 1.0 Y5 210

u

Fig. 4: The approximate solution of y (% %) for Eq. (67) at 9 = > = 1,0.9,0.8.

6 Conclusion

In this study, we defined the CDSE transformation. We began by putting the definition of CDSE transformation and
computing to some basic functions. A few CDSE transformation related theorems and properties are presented and
proved in the next section. To show the applicability and efficiency of the suggested transform, we have employed the
CDSE transformation and the decomposition method to accomplish the precise solution of a broad class of nonlinear
conformable fractional partial differential equations, including conformable fractional derivatives. Based on the obtained
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findings, we conclude that the provided technique is efficient, suitable, reliable, and adequate to acquire the accurate
solutions of nonlinear conformable fractional partial differential equations according to the considered initial and
boundary conditions. Additionally, as compared to other approaches, the necessary computation arisen in using the
CDSE decomposition method is less than other numerical method. Therefore, we may state that a broad class of
nonlinear fractional partial differential equation schemes can be solved using these approaches.
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