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Recently, Zhang et al. (International Journal of Modern Physics B 30 (2016) 1640029) constructed N-wave
solutions of a generalized B-type Kadomtsev—Petviashvili (gbKP) equation using the linear superposi-
tion method. The authors’ aim of the present paper is to derive multi-complexiton and positive multi-
complexiton structures of the gbKP equation through considering N-wave solutions and applying specific
systematic methods. To investigate the dynamical characteristics of positive multi-complexiton structures,
particularly single and double positive complexitons, several two and three-dimensional simulations are
formally considered. The results of the current research enrich the studies regarding the gbKP equation.
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1. Introduction

Nowadays, the search for exact solutions to nonlinear partial
differential equations (NLPEDs) is a very hot research topic, es-
pecially in nonlinear sciences. As mentioned many times, NLPEDs
are effective tools in modeling a lot of phenomena from fluid
mechanics to nonlinear optics. Today, capable methods, benefit-
ting from particular packages for handling symbolic computa-
tions, have been used to deal with NLPEDs. Some of these meth-
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ods are simplified Hirota’s method [1-5], multiple exp-function
method [6-10], and ansatz methods [11-15]. Here are some uses
for these methods. Hosseini et al. [5] employed the simplified Hi-
rota’s method to derive dispersive waves of a generalized Hirota
Bilinear Equation. Li et al. [10]| obtained multiple waves of a gen-
eralized Kadomtsev—Petviashvili equation using the multiple exp-
function method. Paul et al. [15] applied ansatz methods to acquire
lump, rogue, and breather waves of a generalized Kadomtsev-
Petviashvili-Boussinesq equation.

Recently, Zhou and Manukure [16] employed effective meth-
ods to construct multi-complexiton and positive multi-complexiton
structures of the Hirota—Satsuma—Ito equation. Such well-
established methods were utilized several times by other schol-
ars to derive multi-complexiton and positive multi-complexiton
structures of the B-type Kadomtsev-Petviashvili equation [17],
the generalized breaking soliton equation [18], the asymmetric
Nizhnik-Novikov-Veselov equation [19], and the generalized Boiti-
Leon-Manna-Pempinelli equation [20]. Such achievements encour-
aged the authors for applying these methods to obtain multi-
complexiton and positive multi-complexiton structures of the gbKP

2468-0133/© 2022 Shanghai Jiaotong University. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Please cite this article as: K. Hosseini, D. Baleanu, S. Rezapour et al., Multi-complexiton and positive multi-complexiton structures to a
generalized B-type Kadomtsev—Petviashvili equation, Journal of Ocean Engineering and Science, https://doi.org/10.1016/j.joes.2022.06.020




JID: JOES

K. Hosseini, D. Baleanu, S. Rezapour et al.

equation [21-25]
Uz — uxxxy - 3(uxuy)x + 3uxx = 07 (1)

describing the evolution of shallow water waves with insignificant
effects of surface tension and viscosity [26]. Some of the previous
studies on Eq. (1) are as follows. Ma and Fan [21] used the lin-
ear superposition principle to construct N-soliton solutions of the
gbKP equation. In another study conducted by Zhang et al. [22],
the linear superposition method was utilized to extract N-wave so-
lutions of the gbKP equation. Using the logarithmic transformation
u = 2(In f),, the gbKP equation is written as

(D:D¢ — DDy +3D3) f.f =0,
or in the equivalent form

(fez = faxxy +3f) f = fefz + faxx Sy
+3fxxyfx -3 fu fxy - 3fx2 = 0. (2)

It should be pointed out that for z =y, the gbKP equation re-
duces the bKP equation in (2+1) dimensions as follows [27,28]

Uye — Uxxxy — 3 (Uxlly ), + 3y = 0.

The organization of the current paper is as follows: In Section 2,
based on the methods adopted by Zhou and Manukure in [16],
multi-complexiton and positive multi-complexiton structures of
the gbKP equation are obtained. In Section 3, to investigate the
dynamical characteristics of positive multi-complexiton structures,
particularly single and double positive complexitons, several two
and three-dimensional simulations are formally considered. A re-
view of the achievements is given in the last section.

2. The gbKP equation: its multi-complexiton and positive
multi-complexiton structures

In the present section, based on the methods used by Zhou
and Manukure, multi-complexiton and positive multi-complexiton
structures of the gbKP equation are constructed. First, we would
like to mention that the following N-wave solution to the gbKP
equation was derived in [22] using the linear superposition
method

u=2(In f)x’ f= i 6i€k,»x+k;‘y+a3k;‘z+%k?t’
i=1
where ¢;, i=1,2,...,Nand k;, i=1,2,...,N are constants.
To construct the positive multi-complexiton structure of the
gbKP equation, the following exponential functions are considered

h

1 .
oi = kix +k'y +ask 'z + a—k?t, 1<i<N,
3

€17 + €% + ... + ener,

for =€1e7% +e6e7% +... +eye v,

—o; (7k,-)x+(fki)’1y+a3(—ki)’1z+a%(—k,-):"t, 1<i=<N,

where k; 20, i=1,...,N. As the above exponential functions sat-
isfy Eq. (2), therefore the following new function

N
1 1
§(f1 +h)=> eicosh(k,-x +kly+ask 'z + gk?t>,

i=1
satisfies Eq. (2). Furthermore, by considering ky.1, kny2, --
(as nonzero constants) and

-+ kngm

fi = enp1e™ +€npoe™ 2 L 4 enaye™N M,
(k)X + (k) ™'y + as (Ikp) 'z

1 3 _ _ 1
+ a—B(Ik,-) t= I(k,-x —kily —ask; 'z - a—3ki3t>,

Oj
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2 = enp1e7M ey 4 4 enpye MMM,
_ _ 1
—oy = 1 (~kpx = (k) 'y — a5 (k) 'z - g<—ki)3r),

it is found that

N+M 1

> €cos (kix —kily —ask; 'z - —k?t),
i=N+1 as
satisfy Eq. (2). Now, the new function

St =

N
1
-1 -1 3
f= ;:eicosh(k,-x +ky +ask 'z + aki t)
N+M 1
-1 -1 3
+ Z eicos(k,-x —kly — a3k 'z~ a—Bki t),
i=N+1
) N N+M ] o
whene¢ >0, i=1,2,..,Nand Y € > > |¢] is a positive func-
i=1 i=N+1
tion and accordingly, the positive compelexiton structure of the
gbKP equation can be expressed as

u=2(nf),,
where

N
_ _ 1
f= Ze,-cosh(k,-x+ kly +ask 'z + ak?t)

i=1

N+M 1
-1 -1 3
+ Z eicos(kix —kly —ask; 'z - a—3ki t),
i=N+1
>0, i=1,2..N

N N+M
and 3 ;7 € > Zi:?wl |€i].

In order to extract the multi-complexiton structure of the gbKP
equation, it is supposed that k; can be written as

i=1,2,..,N.

By considering the above assumption, one can find

k,‘ = kli + Ik2i7 k],’, ’(21 e R,

1
o; = kx+ki'y +ask 'z + a—k?t =0i1 +1oj,,
3
-~ _ T p—1 -1 173
0i = kix+k'y +azk; 'z + a—ki t=0;1—l0j,.
3
As e° and e% satisfy Eq. (2), consequently, the new function
N -
F=3 (e @)
i=1

N

=) e%1(€,1C05 (032) + €;28in (072)),
i1

€i1,€2 €R,

satisfy Eq. (2). As a result, the multi-complexiton structure of the
gbKP equation is as

u=2(In f),,
where
N -
=) (ie” +é&e)
i1
N

=) e%1(€;1€0s (0i2) + €;25in (072)).
i-1

€i1,€2 €R.

It is noteworthy that another N-wave solution of the gbKP
equation was reported in [22] using the linear superposition
method as follows

N
k1 3,0 1 -1
U= 2(11‘1 f)x’ f _ Zeieklx+ki y+azk; Ztg k; t’
i=1



ARTICLE IN PRESS

JID: JOES

K. Hosseini, D. Baleanu, S. Rezapour et al.

m5G;June 30, 2022;19:30

Journal of Ocean Engineering and Science xxx (XXXX) XXX

(b)

Fig. 1. . (a) Single positive complexiton (3); (b) Double positive complexiton (4).

where €;, i=1,2,...,Nand k;, i=1,2,...,N are constants. In
a similar manner, the following multi-complexiton and positive
multi-complexiton structures to the gbKP equation are constructed

u=2(Inf),,

where
N R N

f=7"(eie” +ee) = e (€105 (0i2) + €i25in (072)),
i-1 i-1

oi = kix + k'y + askiz + alki’lt =01 +10is,
3

ki = ki + Ik,

and

u=2(In f)x7

where

k1i, kai, €1, €12 € R,

N
_ 1, _
f= geicosh(kix +ky +askiz + aki 1t)
N+M 1
+ > eicos(kix —kly —askiz - a—3ki‘1t),

i=N+1

€>0 i=12..N

N N+M
and Yl € > >N L€l
3. Simulations and discussion

In the current section, to investigate the dynamical charac-
teristics of positive multi-complexiton structures, particularly sin-
gle and double positive complexitons, several two and three-
dimensional simulations are formally considered. Particularly, the
first positive multi-complexiton structure for
{(N=1, M=1, €,=2, =1, k; =1.65,

ky=-1, a3=-1, z=1, t =0},

{N=2, M=2, 6125, 6225, 63:], €4=1, k1=0.5,
kz:—l, k3=—1, k4=1, a3 =-1, z=1, t=0},

can be written as

, _ 2(3.3sinh (1.65x + 0.6060606061y — 0.6060606061) — sin (x —y + 1))
= " 2cosh (1.65x + 0.6060606061y — 0.6060606061) + cos (x —y + 1)

(3)
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Fig. 2. . (a) Single positive complexiton (5); (b) Double positive complexiton (6).

- 2(2.5sinh (0.5x + 2y —0.125) + 5sinh (x +y — 1) = 2sin(x —y + 1))
~ 5cosh (0.5x +2y —0.125) +- 5cosh (x +y — 1) +2cos (x —y + 1) ~

(4)
The dynamical behavior of the above single and double positive
complexitons has been shown on the x-y plane in Fig. 1.
As another investigation, the second positive multi-complexiton
structure for
{(N=1, M=1, ¢,=2, =1, k; =1.65,
](2:—1, (13:—1, Z=1, tZO},

{N=2, M=2, €1=5, 62:5, 63=1, E4=1, k1=0.5,
I(2=—1, k3=—1, k4=1, (13=—1, Z=1, t=0},

can be written as

_2(3.35sinh (1.65x + 0.6060606061y — 4.492125) —sin (x —y 4 1))
2 cosh (1.65x + 0.6060606061y — 4.492125) + cos (x —y +1) ~

(5)

_ 2(2.5sinh (0.5x 42y —2) + 5sinh (x +y — 1) = 2sin(x -y + 1))
"~ 5cosh(0.5x+2y —2)+5cosh(x+y—1)+2cos(x—y+1)

(6)

Fig. 2 shows the dynamical behavior of the above single and
double positive complexitons on the x-y plane.

4. Conclusion

In the present paper, the authors conducted a detailed in-
vestigation on the evolution of shallow water waves in a gener-
alized B-type Kadomtsev—Petviashvili equation. More specifically,
based on the N-wave solutions of the governing model (derived by
Zhang et al.) and the methods used by Zhou and Manukure, multi-
complexiton and positive multi-complexiton structures of the ghKP
equation were successfully constructed. Additionally, the dynam-
ical features of positive multi-complexiton structures, especially
single and double positive complexitons, were examined through
considering some two and three-dimensional plots. The achieve-
ments of the authors in the current paper play a significant role
in completing the research on the gbKP equation. As a new task,
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the authors are interested in applying other methods [29-41] to
acquire other wave structures of the gbKP equation.

Declaration of Competing Interest

The authors declare no conflict of interest.
References

[1] AM. Wazwaz, Chin. J. Phys. 57 (2019) 375-381.

[2] AM. Wazwaz, Appl. Math. Lett. 88 (2019) 1-7.

[3] A.M. Wazwaz, L. Kaur, Nonlinear Dyn. 97 (2019) 83-94.

[4] K. Hosseini, M. Aligoli, M. Mirzazadeh, M. Eslami, ]J.F. Gomez Aguilar, Mod.
Phys. Lett. B 33 (2019) 1950437.

[5] K. Hosseini, M. Samavat, M. Mirzazadeh, W.X. Ma, Z. Hammouch, Regul.
Chaotic Dyn. 25 (2020) 383-391.

[6] W.X. Ma, T. Huang, Y. Zhang, Phys. Scr. 82 (2010) 065003.

[7] Y. Yildirim, E. Yasar, A.R. Adem, Nonlinear Dyn. 89 (2017) 2291-2297.

[8] J.G. Liu, L. Zhou, Y. He, Appl. Math. Lett. 80 (2018) 71-78.

[9] P. Wan, J. Manafian, H.F. Ismael, S.A. Mohammed, Adv. Math. Phys. 2020 (2020)

8018064.

[10] J. Li, G. Singh, O.A. ilhan, J. Manafian, Y.S. Gasimov, AIMS Math. 6 (2021)
7555-7584.

[11] S. Manukure, Y. Zhou, W.X. Ma, Comput. Math. with Appl. 75 (2018)
2414-2419.

[12] Y. Zhou, S. Manukure, W.X. Ma, Commun. Nonlinear Sci. Numer. Simul. 68
(2019) 56-62.

[13] S. Manukure, Y. Zhou, ]J. Geom. Phys. 167 (2021) 104274.

[14] WX. Ma, S. Manukure, H. Wang, S. Batwa, Mod. Phys. Lett. B 35 (2021)
2150160.

[15] G.C. Paul, FZ. Eti, D. Kumar, Results Phys. 19 (2020) 103525.

[16] Y. Zhou, S. Manukure, Math. Methods Appl. Sci. 42 (2019) 2344-2351.

[17] M. Inc, K. Hosseini, M. Samavat, M. Mirzazadeh, M. Eslami, M. Moradi,
D. Baleanu, Therm. Sci. 23 (2019) 2027-2035.

m5G;June 30, 2022;19:30

Journal of Ocean Engineering and Science xxx (XXXX) XXX

[18] K. Hosseini, A.R. Seadawy, M. Mirzazadeh, M. Eslami, S. Radmehr, D. Baleanu,
Alex. Eng. . 59 (2020) 3473-3479.

[19] S. Manukure, A. Chowdhury, Y. Zhou, Int. J. Mod. Phys. B 33 (2019) 1950098.

[20] K. Hosseini, W.X. Ma, R. Ansari, M. Mirzazadeh, R. Pouyanmehr, F. Samadani,
Phys. Scr. 95 (2020) 065208.

[21] W.X. Ma, E. Fan, Comput. Math. Appl. 61 (2011) 950-959.

[22] L. Zhang, C.M. Khalique, W.X. Ma, Int. J. Mod. Phys. B 30 (2016) 1640029.

[23] L. Na, Nonlinear Dyn. 82 (2015) 311-318.

[24] M.T. Darvishi, M. Najafi, S. Arbabi, L. Kavitha, Nonlinear Dyn. 83 (2016)
1453-1462.

[25] C.C. Hu, B. Tiana, X.Y. Wy, Y.Q. Yuan, Z. Du, Eur. Phys. ]. Plus 133 (2018) 40.

[26] S. Rani, S. Kumar, R. Kumar, J. Ocean Eng. Sci. (2021), doi:10.1016/j.joes.2021.
12.007.

[27] E. Date, M. Jimbo, M. Kashiwara, T. Miwa, ]. Phys. Soc. Jpn. 50 (1981)
3813-3818.

[28] E. Date, M. Jimbo, M. Kashiwara, T. Miwa, Phys. D 4 (1982) 343-365.

[29] L. Akinyemi, P. Veeresha, M.T. Darvishi, H. Rezazadeh, M. Senol, U. Akpan, J.
Ocean Eng. Sci. (2022), doi:10.1016/j.joes.2022.06.004.

[30] S. Kumar, S. Malik, H. Rezazadeh, L. Akinyemi, Nonlinear Dyn. 107 (2022)
2703-2716.

[31] L. Akinyemi, M. Inc, M.M.A. Khater, H. Rezazadeh, Opt. Quantum Electron. 54
(2022) 191.

[32] L. Akinyemi, M. Senol, U. Akpan, H. Rezazadeh, J. Ocean Eng. Sci. (2022), doi:10.
1016/j.j0es.2022.04.023.

[33] A.H. Arnous, M. Mirzazadeh, L. Akinyemi, A. Akbulut, J. Ocean Eng. Sci. (2022),
doi:10.1016/j.,j0es.2022.02.012.

[34] L. Akinyemi, U. Akpan, P. Veeresha, H. Rezazadeh, M. Inc, ]. Ocean Eng. Sci.
(2022), doi:10.1016/j.joes.2022.02.011.

[35] M. Kaplan, M.N. Ozer, Opt. Quantum Electron. 50 (2018) 2.

[36] M. Kaplan, M.N. Ozer, Opt. Quantum Electron. 50 (2018) 33.

[37] N. Raza, M. Kaplan, A. Javid, M. Inc, Opt. Quantum Electron. 54 (2022) 95.

[38] M.K.A. Kaabar, M. Kaplan, Z. Siri, J. Funct. Sp. 2021 (2021) 4659905.

[39] M. Kaplan, Opt. Quantum Electron. 49 (2017) 312.

[40] M. Kaplan, Chin. ]. Phys. 56 (2018) 2523-2530.

[41] M. Kaplan, A. Bekir, Optik 127 (2016) 8209-8214.



