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Abstract
This study utilizes the generalization of the second-degree Abel equation (SDAE) method with variable coefficients,
initially introduced in [5], to analyze the generalized (2+1)-D shallow water wave (SWW) equation. Unlike

conventional approaches that predominantly rely on constant-coefficient ordinary differential equations (ODEs)

or auxiliary ODEs, the proposed method incorporates ODEs with variable coefficients within a sub-equation
framework, thereby enhancing its adaptability to nonlinear wave equations. The governing nonlinear partial

differential equation (PDE) is first reduced to an ODE, which is then analyzed using this method. Subsequently,

various singular and periodic wave solutions are derived, and their dynamic behavior is thoroughly examined. The
efficacy of this approach is demonstrated through its successful application to the SWW equation, resulting in exact

analytical solutions. This method provides a systematic and efficient framework for solving complex nonlinear
PDEs, establishing it as a valuable tool in the study of wave propagation in fluid dynamics. Furthermore, its

versatility suggests broad applicability to a range of mathematical physics models, thereby expanding the scope

of analytical solution techniques.
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1. Introduction

Nonlinear PDEs serve as fundamental tools for modeling a vast array of complex phenomena across disciplines
such as physics, engineering, biology, and finance. Unlike their linear versions, nonlinear PDEs capture intricate
interdependencies among variables, offering a refined depiction of dynamic processes. Their importance arises from
their capacity to characterize fundamentally nonlinear behaviors, such as turbulence, wave movement, and pattern
development phenomena that are common in both natural and industrial environments. The search for exact solutions
to such equations is crucial for gaining a deeper insight into complex systems, enabling accurate predictions and
efficient control strategies. However, due to the inherent mathematical challenges of solving nonlinear PDEs, various
methodologies have been developed, ranging from analytical and numerical approaches to advanced computational
techniques [6, 7, 13–15, 18].

The Generalized (2+1)-D SWW equation serves as a fundamental model in fluid dynamics, specifically addressing
the intricate behavior of shallow water waves in a two-dimensional space. Motivated by its applicability to real-world
scenarios such as coastal regions, lakes, and ocean dynamics, the equation accounts for the interplay of nonlinear-
ity, dispersion, and wave-structure interactions. The consideration of exact solutions for the Generalized (2+1)-D
SWW equation is driven by the imperative to unravel the underlying physical phenomena and gain insights into the
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complex dynamics of SWW. The pursuit of exact solutions is crucial for understanding wave propagation patterns,
predicting potential hazards, and optimizing coastal engineering designs. Different methods, ranging from analytical
approaches to numerical techniques, are employed to tackle the inherent challenges posed by the nonlinear nature
of the equation. The quest for exact solutions not only enhances our comprehension of fluid dynamics but also
facilitates the development of effective strategies for mitigating the impact of shallow water waves on coastal environ-
ments, making it a critical pursuit with significant implications for both theoretical research and practical applications
[1, 2, 8, 10, 11, 17, 19].

In this current investigation, we examine the generalized (2 + 1)-D SWW equation, as discussed in [4, 12, 16]:

α1 [3 (uxut)x + uxxxt] + α2

[
3 (uxuy)x + uxxxy

]
+ α3uyt + α4uxx + α5uxy + α6uxt + α7uyy = 0, (1.1)

in which αj , j = 1, . . . , 7 are free parameters.
Utilizing the wave transformation given by

u(x, y, t) = Ω(ξ), ξ = k(x+ y − ct),
transforms (1.1) into the following ODE:

k4 (−cα1 + α2) Ω′′′′ + 6k3 (−cα1 + α2) Ω′Ω′′ + k2 (−cα3 − cα6 + α4 + α5 + α7) Ω′′ = 0. (1.2)

2. Methodology

Let us assume the following nth-order differential equation:

Ξ
(
ξ,W,W ′, . . . ,W(n)

)
= 0.

This work introduces an approach in which the solutions of the following variable coefficient ODE also satisfy the
equation shown in (1.2):

W ′ = ϑ2(ξ)W2 + ϑ1(ξ)W + ϑ0(ξ), (2.1)

where ϑi(ξ) ∈ Cn, i ∈ {0, 1, 2}.
This study builds upon a range of established methods proposed by various researchers, including:
• The extensively studied tanh method [20], which utilizes the solution W(ξ) = tanh(ξ). This function satisfies the

differential equation W ′ = 1 −W2, making it a suitable candidate for the structure of Equation (2.1). In this case,
the corresponding parameters are given by {ϑ0(ξ), ϑ1(ξ), ϑ2(ξ)} = {1, 0,−1}.
• In the modified extended tanh function method [3] and the modified extended direct algebraic method [9], the

auxiliary equation is formulated as W ′ = λ+W2. That is, {ϑ0(ξ), ϑ1(ξ), ϑ2(ξ)} = {λ, 0, 1}.
• In the well-known simplest equation algorithm, different sets of fundamental equations are examined to determine

solutions that concurrently fulfill the constraints of the specified equation.
It is important to highlight that in the majority of analytical approaches employing the auxiliary equation for

obtaining exact solutions, the auxiliary equation is formulated as an ODE with coefficients that remain constant.

Generalized SDAEs. Initially, we describe a method to derive Equations (2.1) from a provided Equation (1.2). Let
W =W(ξ) represent any solution to (2.1). Upon differentiating with respect to the variable ξ, we obtain:

W ′′(ξ) = ϑ′2W2 + ϑ′1W + ϑ′0 +W ′ [2ϑ2W + ϑ1] . (2.2)

Therefore from (2.1) we have

W ′′(ξ) = 2ϑ22W3 + (ϑ′2 + 3ϑ1ϑ2)W2 +
(
ϑ′1 + ϑ21 + 2ϑ0ϑ2

)
W + (ϑ′0 + ϑ0ϑ1) . (2.3)

The core concept behind this novel approach is explained as follows: First, polynomial expressions involving the integer-
order derivatives W ′,W ′′, . . . ,W(n) are substituted into the nth-order differential equation Ξ

(
ξ,W,W ′, . . . ,W(n)

)
.

Such a substitution varies Ξ to a polynomial Ω in W. Next, by equating the coefficients of Ω(W) to zero, a system of
differential-algebraic equations is generated for ϑi(ξ), 0 ≤ i ≤ 2. If a solution of the form ϑ0(ξ), ϑ1(ξ), ϑ2(ξ) exists for
this system, then any solution to (2.1) will also satisfy (1.2).



Unco
rre

cte
d Pro

of

CMDE Vol. *, No. *, *, pp. 1-14 3

3. Main framework for results

This part shows how can apply the proposed method to deal with the nonlinear ODE presented in Equation (1.2).
For this aim employing (2.1) into (1.2) results in a fifth-degree polynomial with respect to W, expressed as:

5∑
i=0

SiWi = 0,

where

S0 = −24k2
[
k2 (α1c− α2)ϑ′′′0

24
+

(α1c− α2) k2ϑ0ϑ
′′
1

8
+

(α1c− α2) k2ϑ1ϑ
′′
0

24

+
k2 (α1c− α2)ϑ20ϑ

′
2

4
+

(
k2 (α1c− α2)ϑ′0

8
+

5 (α1c− α2) k2ϑ0ϑ1
24

)
ϑ′1

+

(
(α1c− α2) k2ϑ0ϑ2

4
+
k2 (α1c− α2)ϑ21

24
+
k (α1c− α2)ϑ0

4
+
(α3

24
+
α6

24

)
c− α4

24
− α5

24
− α7

24

)
ϑ′0

+

(
2(α1c−α2)k

2ϑ0ϑ2

3 +
k2(α1c−α2)ϑ

2
1

12 + k(α1c−α2)ϑ0

2 +
(
α6

12 + α3

12

)
c− α7

12 −
α4

12 −
α5

12

)
ϑ1ϑ0

2

]
,

S1 = −24k2
[
k2 (α1c− α2)ϑ′′′1

24
+

(α1c− α2) k2ϑ1ϑ
′′
1

6
+

(α1c− α2) k2ϑ0ϑ
′′
2

4
+

(α1c− α2) k2ϑ2ϑ
′′
0

12

+

(
k2 (α1c− α2)ϑ′0

4
+

11 (α1c− α2) k2ϑ0ϑ1
12

)
ϑ′2 +

k2 (α1c− α2) (ϑ′1)
2

8

+

(
2 (α1c− α2) k2ϑ0ϑ2

3
+
k2 (α1c− α2)ϑ21

4
+
k (α1c− α2)ϑ0

4
+

(α6 + α3) c

24
− α7

24
− α4

24
− α5

24

)
ϑ′1

+

(
5 (α1c− α2) k2ϑ1ϑ2

12
+

(α1c− α2) kϑ1
4

)
ϑ′0

+

(
2(α1c−α2)k

2ϑ0ϑ2

3 +
k2(α1c−α2)ϑ

2
1

12 + k(α1c−α2)ϑ0

2 +
(
α6

12 + α3

12

)
c− α7

12 −
α4

12 −
α5

12

)
ϑ21

2

+

((
2 (α1c− α2) k2ϑ0ϑ2

3
+
k2 (α1c− α2)ϑ21

12
+
k (α1c− α2)ϑ0

2
+
(α6

12
+
α3

12

)
c− α7

12
− α4

12
− α5

12

)
ϑ2

+

(
(α1c− α2) k2ϑ1ϑ2 + (α1c−α2)kϑ1

2

)
ϑ1

2

)
ϑ0

]
,

S2 = −24k2
[
k2 (α1c− α2)ϑ′′′2

24
+

5 (α1c− α2) k2ϑ2ϑ
′′
1

24
+

7 (α1c− α2) k2ϑ1ϑ
′′
2

24

+

(
3k2 (α1c− α2)ϑ′1

8
+

19 (α1c− α2) k2ϑ0ϑ2
12

+
17k2 (α1c− α2)ϑ21

24
+
k (α1c− α2)ϑ0

4
+

(α6 + α3) c

24

− α7

24
− α4

24
− α5

24

)
ϑ′2 +

(
25 (α1c− α2) k2ϑ1ϑ2

24
+

(α1c− α2) kϑ1
4

)
ϑ′1

+

(
5k2 (α1c− α2)ϑ22

12
+

(α1c− α2) kϑ2
4

)
ϑ′0

+

(
2(α1c−α2)k

2ϑ0ϑ2

3 +
k2(α1c−α2)ϑ

2
1

12 + k(α1c−α2)ϑ0

2 +
(
α6

12 + α3

12

)
c− α7

12 −
α4

12 −
α5

12

)
ϑ1ϑ2

2

+

((
2 (α1c− α2) k2ϑ0ϑ2

3
+
k2 (α1c− α2)ϑ21

12
+
k (α1c− α2)ϑ0

2
+
(α6

12
+
α3

12

)
c− α7

12
− α4

12
− α5

12

)
ϑ2
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+

(
(α1c− α2) k2ϑ1ϑ2 + (α1c−α2)kϑ1

2

)
ϑ1

2

)
ϑ1 +

((
(α1c− α2) k2ϑ1ϑ2 +

(α1c− α2) kϑ1
2

)
ϑ2

+

(
k2 (α1c− α2)ϑ22 + (α1c−α2)kϑ2

2

)
ϑ1

2

)
ϑ0

]
,

S3 = −24k2
[

(α1c− α2) k2ϑ2ϑ
′′
2

3
+
k2 (α1c− α2) (ϑ′2)

2

4
+

(
13 (α1c− α2) k2ϑ1ϑ2

6
+

(α1c− α2) kϑ1
4

)
ϑ′2

+

(
5k2 (α1c− α2)ϑ22

6
+

(α1c− α2) kϑ2
4

)
ϑ′1 +

((2 (α1c− α2) k2ϑ0ϑ2
3

+
k2 (α1c− α2)ϑ21

12

+
k (α1c− α2)ϑ0

2
+
(α6

12
+
α3

12

)
c− α7

12
− α4

12
− α5

12

)
ϑ2 +

(
(α1c− α2) k2ϑ1ϑ2+ (α1c−α2)ϑ1k

2

)
ϑ1

2

)
ϑ2

+

((α1c− α2) k2ϑ1ϑ2+
(α1c− α2) kϑ1

2

)
ϑ2+

(
k2 (α1c− α2)ϑ22 + (α1c−α2)kϑ2

2

)
ϑ1

2

ϑ1

+

(
k2 (α1c− α2)ϑ22 +

(α1c− α2) kϑ2
2

)
ϑ2ϑ0

]
,

S4 = −24k2
((

3k2 (α1c− α2)ϑ22
2

+
(α1c− α2) kϑ2

4

)
ϑ′2

+

((
(α1c− α2) k2ϑ1ϑ2 +

(α1c− α2) kϑ1
2

)
ϑ2 +

(
k2 (α1c− α2)ϑ2

2 + (α1c−α2)kϑ2

2

)
ϑ1

2

)
ϑ2

+

(
k2 (α1c− α2)ϑ22 +

(α1c− α2) kϑ2
2

)
ϑ2ϑ1

)
,

S5 = −24k2
(
k2 (α1c− α2)ϑ22 +

(α1c− α2) kϑ2
2

)
ϑ22.

Considering Si = 0, i = 0, . . . , 5, results in a differential-algebraic system yielding the following solution families:
Family 1:

ϑ0(ξ) =
−
(
R2

1ξ
2 + 2R1R2ξ +R2

2 + 4R1

)
(α1c− α2) k2 − (α6 + α3) c+ α5 + α7 + α4

2k (α1c− α2)
,

ϑ1(ξ) = R1ξ +R2, ϑ2(ξ) = − 1

2k
, R1, R2 ∈ R.

Under these circumstances, the ODE (2.1) transforms to

d

dξ
W(ξ) = − 1

2k
W2 (ξ) + (R1ξ +R2)W (ξ)

+
−
(
R2

1ξ
2 + 2R1R2ξ +R2

2 + 4R1

)
(α1c− α2) k2 + (−α6 − α3) c+ α5 + α7 + α4

2k (α1c− α2)
. (3.1)

It is completely clear that the obtained solution for (3.1) is also valid for (1.2). Therefore, the exact solution for (3.1)
can be expressed as follows:

W(ξ) =
1

α1c− α2

(
R1 (α1c− α2) kξ +R2 (α1c− α2) k

+ tan

(√
(α1c− α2) (6 (α1c− α2) k2R1 + cα3 + cα6 − α4 − α5 − α7) (2 (α1c− α2) kR3 − ξ)

2k (α1c− α2)

)
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√
(α1c− α2) (6 (α1c− α2) k2R1 + cα3 + cα6 − α4 − α5 − α7)

)
, (3.2)

where R3 ∈ R. Thus, based on (1.2) and (3.2), the initial exact solution, presented as a periodic wave solution, can
be written as follows:

u(x, y, t) =
1

α1c− α2

(
R1 (α1c− α2) k2(x+ y − ct) +R2 (α1c− α2) k

+ tan

(√
(α1c− α2) (6 (α1c− α2) k2R1 + cα3 + cα6 − α4 − α5 − α7) (2 (α1c− α2) kR3 − k(x+ y − ct))

2k (α1c− α2)

)
√

(α1c− α2) (6 (α1c− α2) k2R1 + cα3 + cα6 − α4 − α5 − α7)

)
. (3.3)

Family 2:

ϑ0(ξ) =
−1

R1ξ +R2
, ϑ1(ξ) =

R1

R1ξ +R2
, ϑ2(ξ) = 0, R1, R2 ∈ R.

Here, the ODE (2.1) transforms to

d

dξ
W (ξ) =

R1

R1ξ +R2
W (ξ)− 1

R1ξ +R2
. (3.4)

(a) plot of u(x, 1, t) in 3D. (b) Contour plot of u(x, 1, t).

0 0.2 0.4 0.6 0.8 1

t

-200

-150

-100

-50

0

50

100

150

200

u
(x

,1
,t

)

x=-1

x=0

x=1

(c) 2D plot of u(x, 1, t) for various x.

Figure 1. 3D, 2D and Contour plot of (3.3) in y = 1.
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Exact solution to (3.4) can be formulated as:

W(ξ) = R3(R1ξ +R2) +
1

R1
, R3 ∈ R. (3.5)

Thus, deriving from (1.2) and (3.5), a periodic wave solution can be represented in the following manner:

u(x, y, t) = R3(R1k(x+ y − ct) +R2) +
1

R1
. (3.6)

Family 3:

ϑ0(ξ) =
√
R1k

JacobiSN

(√
−k
√
R1k ξ

k

∣∣∣∣√2

2

)2

− 1

 , ϑ1(ξ) = 0, ϑ2(ξ) = 0, R1, R2 ∈ R.

Here, the ODE (2.1) transforms to

d

dξ
W (ξ) =

√
R1k

JacobiSN

(√
−k
√
R1k ξ

k

∣∣∣∣√2

2

)2

− 1

 . (3.7)

This equation has the exact solution in the following form:

W(ξ) =
√
R1k ξ −

2k
√
R1k EllipticE

(
JacobiSN

(√
−k
√
R1k ξ
k

∣∣∣∣√2
2

)
,
√
2
2

)
√
−k
√
R1k

+R2, R2 ∈ R. (3.8)

So, based on Equations (1.2) and (3.8), the exact solution, presented as a singular periodic solution, can be written
as follows:

u(x, y, t) = k
√
R1k (x+ y − ct)−

2k
√
R1k EllipticE

(
JacobiSN

(√
−k
√
R1k (x+ y − ct)

∣∣∣∣√2
2

)
,
√
2
2

)
√
−k
√
R1k

+R2.

(3.9)

Family 4: In this family, we obtain a solution for a differential-algebraic system expressed as c = α4+α5+α7

α6+α3
and

α1 = α2(α6+α3)
α4+α5+α7

. Additionally, free values for ϑi(ξ), i = 0, 1, 2 are introduced. Consequently, a diverse set of exact

solutions can be generated within this family by selecting different values for ϑi(ξ), i = 0, 1, 2. Various cases are
explored as follows:

Case 1: ϑ0(ξ) = ϑ1(ξ) = ϑ2(ξ) = sech(ξ),
In this scenario, the ODE (2.1) transforms to

d

dξ
W (ξ) = sech(ξ)

(
W2 (ξ) +W (ξ) + 1

)
. (3.10)

Exact solution to (3.10) has the following form:

W(ξ) = −1

2
+

√
3 tan

(
(2 arctan(eξ)+R2)

√
3

2

)
2

, R2 ∈ R. (3.11)

Therefore, based on the performed calculations, the following solitary wave solution is obtained using (1.2) and (3.11):

u(x, y, t) = −1

2
+

√
3 tan

(
(2 arctan(ek(x+y−ct))+R2)

√
3

2

)
2

. (3.12)

Case 2: ϑ0(ξ) = ϑ1(ξ) = ϑ2(ξ) = ξ
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From the Eq. (2.1) we have

d

dξ
W (ξ) = ξ

(
W2 (ξ) +W (ξ) + 1

)
. (3.13)

Exact solution to (3.13) can be written as:

W(ξ) = −1

2
+

√
3 tan

(
(ξ2+2R2)

√
3

4

)
2

, R2 ∈ R. (3.14)

So, another singular periodic solution has the following form:

u(x, y, t) = −1

2
+

√
3 tan

(
(k2(x+y−ct)2+2R2)

√
3

4

)
2

. (3.15)

(a) plot of u(x, 1, t) in 3D (b) Contour plot of u(x, 1, t)

0 0.2 0.4 0.6 0.8 1

t

-100

-50

0

50

100

u
(x

,1
,t
)

x=-1

x=0

x=1

(c) 2D plot of u(x, 1, t) for various x

Figure 2. 3D, 2D and Contour plot of (3.9) in y = 1
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Case 3: ϑ0(ξ) = ϑ1(ξ) = sin(ξ), ϑ2(ξ) = 0

By these assumptions, the ODE (2.1) transforms to

d

dξ
W (ξ) = sin(ξ) (W (ξ) + 1) , (3.16)

with exact solution

W(ξ) = −1 +R2e− cos(ξ), R2 ∈ R. (3.17)

Therefore, from (1.2), and (3.17), we can derive the following periodic wave solution:

u(x, y, t) = −1 +R2e− cos(k(x+y−ct)). (3.18)

Case 4: ϑ0(ξ) = ϑ1(ξ) = sin(ξ)
ξ , ϑ2(ξ) = 0

(a) plot of u(x, 1, t) in 3D. (b) Contour plot of u(x, 1, t).
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t
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0
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80
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u
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,1
,t

)

x=-1

x=0

x=1

(c) 2D plot of u(x, 1, t) for various x.

Figure 3. 3D, 2D and Contour plot of (3.12) in y = 1.
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By these assumptions, the ODE (2.1) converts into

d

dξ
W (ξ) =

sin(ξ)

ξ
(W (ξ) + 1) . (3.19)

Clearly, the exact solution to (3.19) can be written as1:

W(ξ) = −1 +R2eSi(ξ), R2 ∈ R. (3.20)

Hence, from (1.2), and (3.20), a solitary wave solution can be derived as follows:

u(x, y, t) = −1 +R2eSi(k(x+y−ct)), (3.21)

Case 5: ϑ0(ξ) = ϑ1(ξ) = −ϑ2(ξ) = −1
exp(ξ) ,

1The Si (ξ) =
∫ ξ
0

sin(τ)
τ

dτ is known as the Sine integral function

(a) plot of u(x, 1, t) in 3D. (b) Contour plot of u(x, 1, t).
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(c) 2D plot of u(x, 1, t) for various x.

Figure 4. 3D, 2D and Contour plot of (3.15) in y = 1.
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Finally, by the mentioned assumptions, the ODE (2.1) transforms to

d

dξ
W (ξ) = exp(−ξ)

(
W2 (ξ)−W (ξ)− 1

)
, (3.22)

with exact solution

W(ξ) =
1

2
+

√
5 tanh

(
(−R2+e−ξ)

√
5

2

)
2

, R2 ∈ R. (3.23)

Thus, from (1.2), and (3.23), we can derive the following Kink soliton solution:

u(x, y, t) =
1

2
+

√
5 tanh

(
(−R2+e−k(x+y−ct))

√
5

2

)
2

. (3.24)

(a) plot of u(x, 1, t) in 3D. (b) Contour plot of u(x, 1, t).
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(c) 2D plot of u(x, 1, t) for various t.

Figure 5. 3D, 2D and Contour plot of (3.18) in y = 1.
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4. Results and Discussions

This section, accompanied by the accurate plotting of exact solutions, plays a crucial role in advancing our un-
derstanding of the generalized (2+1)-D SWW equation. This equation is a fundamental model in fluid dynamics,
describing the evolution of shallow water waves in two spatial dimensions and one temporal dimension. The impor-
tance of presenting exact solutions lies in the ability to validate theoretical predictions and computational models,
ensuring their reliability and applicability. Through meticulous plotting of exact solutions, researchers can visually
examine the behavior of the waves, identifying patterns, anomalies, and potential applications. Furthermore, the dis-
cussions section provides a platform for interpreting these results, delving into the underlying physics and implications
for real-world scenarios. This analytical discourse fosters scientific discourse, allowing researchers to refine existing
theories and inspire novel approaches, ultimately advancing our understanding of complex fluid dynamics phenomena.
This periodic singular solution (3.3) is plotted in Fig. 1 with respect to c = R2 = R3 = k = 2, αi = R1 = y = 1, i =
1 . . . , 7. Fig. 2 illustrates an additional singular periodic solution (3.9) concerning the parameters k = R2 = 2, R1 = 1,
and c = 1.5 at the constant spatial coordinate y = 1. The solitary wave solution (3.12), characterized by the parameters

(a) plot of u(x, 1, t) in 3D. (b) Contour plot of u(x, 1, t).
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(c) 2D plot of u(x, 1, t) for various t.

Figure 6. 3D, 2D and Contour plot of (3.21) in y = 1.



Unco
rre

cte
d Pro

of

12 M. S. HASHEMI, M. BAYRAM, F. ALIZADEH, S. KHEYBARI, AND K. HOSSEINI

k = 2, R2 = 1, and c = 1.5, is graphically represented in Figure 3 at the specific spatial location y = 1. The singular
periodic solution given by (3.15) is visually depicted in Figure 4 using identical parameters as the preceding illustra-
tion. Moreover, we use the same parameter values in the forthcoming figures. Figure 5 displays three-dimensional,
two-dimensional, and contour plots illustrating the solutions of (3.18), depicting periodic traveling wave solutions.
The figure 6 showcases the solitary wave solution described by (3.21) at the constant spatial position y = 1. Lastly,
the solution representing the Kink soliton, as expressed by (3.24), is graphically represented in three dimensions, two
dimensions, and as a contour plot in Figure 7.

5. Conclusion

This study introduced a pioneering analytical method, the generalization of the SDAE method, designed specifically
for solving the generalized (2+1)-D SWW equation. Unlike conventional approaches relying on constant coefficient
ODEs and auxiliary ODEs, our proposed method stands out by incorporating variable coefficient ODEs within a sub-
equation structure. The applicability and versatility of this innovative method are exemplified through its successful
implementation in the context of the generalized (2+1)-D SWW equation. The analytical solutions obtained highlight
the method’s effectiveness and efficiency, positioning it as a valuable tool for addressing complex nonlinear PDEs
inherent in wave propagation fluid and dynamics studies. Apart from the specific model under consideration, the
presented method broadens the scope of available analytical techniques, contributing to the advancement of solutions

(a) plot of u(x, 1, t) in 3D. (b) Contour plot of u(x, 1, t).
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(c) 2D plot of u(x, 1, t) for various t.

Figure 7. 3D, 2D and Contour plot of (3.24) in y = 1.
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for diverse models within the field of mathematical physics. Overall, this research not only expands the repertoire of
analytical tools but also marks a significant step forward in the quest for comprehensive solutions to intricate problems
in the field.
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