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Abstract: Kadomtsev—Petviashvili equation is used for
describing the long water wave and small amplitude
surface wave with weak nonlinearity, weak dispersion,
and weak perturbation in fluid mechanics. Based on the
modified symbolic computation approach, the multiple
rogue wave solutions of a generalized (3+1)-dimensional
variable-coefficient Kadomtsev—Petviashvili equation are
investigated. When the variable coefficient selects dif-
ferent functions, the dynamic properties of the derived
solutions are displayed and analyzed by different three-
dimensional graphics and contour graphics.
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1 Introduction

With the development of the world economy, maritime
safety has become an important research topic in the field
of marine engineering. Strong nonlinear waves can cause
nonlinear problems such as wave climbing and slamming
of offshore structures, which bring great wave loads and
are a huge threat to the safety of offshore structures [1].
A rogue wave is such a strong nonlinear extreme wave
with remarkable characteristics such as extremely high
wave height, prominent wave crest, concentrated energy,
and large destructive power. The concept of rogue wave
was first proposed by Draper [2] in 1965, and since then,
the phenomenon of rogue waves and its influence on
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offshore structures have received extensive attention. People
called the rogue wave “deep sea monster,” describing it like
a wall of water, appearing suddenly, and then quickly dis-
appearing without a trace. Currently, it has been found that
rogue wave widely exist in various sea areas of the world,
which can appear in the deep sea and offshore sea, in stormy
weather and general weather, but most of them are stormy
weather. Therefore, the study of rogue wave is of great sig-
nificance [3-5].

In this work, under investigation is a generalized
(3+1)-dimensional variable-coefficient Kadomtsev—Petviashvili
equation (vcKPe) [6]:

O + Ottty + Olbrrx + O3t + Onllyy + Osuyy + Oguz, O

+ 07Uy + Uy =0,
where u = u(x, y, z, t). Eq. (1) represents the long water
wave and small amplitude surface wave with weak non-
linearity, weak dispersion, and weak perturbation in fluid
mechanics, as well as the electrostatic wave potential
in plasma physics. 6; = 6,(t) (i =1, 2,...,7) is arbitrary
function, describing the nonlinearity, dispersion, perturbed
effect, and disturbed wave velocity along the y-and z-direc-
tions, respectively. Jaradat et al. [6] obtained the multiple
soliton solutions and singular multiple soliton solutions
for Eq. (1). Xie et al. [7] investigated the soliton collision
and Bicklund transformation of Eq. (1). Chai et al. [8] and
Yin et al. [9] studied the rouge wave solutions for Eq. (1).
Chai et al. [10] discussed the fusion and fission phenomena
of Eq. (1). Chen and Tian [11] given the Gramian solutions
and soliton interactions of Eq. (1). Liu and Zhu [12] pre-
sented the lump-type, breather wave, and kink-solitary
wave solutions for Eq. (1). However, the multiple rogue
wave solutions have not been derived, which will become
our main work.

This article is organized as follows. Section 2 gives
the one-order rogue wave solution; Section 3 presents the
three-order rogue wave solution; Section 4 derives the
six-order rogue wave solution; Section 5 presents a
conclusion.
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2 One-order rogue wave solution

Under the assumption

6, = 606,,
u= 2[lnlp]m<,

K=X+nz - 0(t),
Y =yY(x,y),
where 1 is real constant, O(t) is undetermined function.
Eq. (1) becomes
POUY, - 3P + YPoo)” + (W — Y 6P,
= 127 + P, + PG — Y]]
~ 0120058 — 360Yth, W + 12007y, ]
= 30 (PP — S + WP
= 200 ey + P[-3005 + SP(2g,
+ 3VaPa) = ¥ Yracacl)
+ =60 + 12t - 4 oth, 3)
+ P20 — P22 (65 + n(6s + n6) - O'(1))
+ 052y, — YO, — W, — 4 P,
+ P, Y7 ~ Yo + P,
= 202 + Yo Y2 + B:[pl6w 7
= 3Py + YWy, — 3101
= Y (64 — 6P, + Yih Y = 0.

2

Based on the modified symbolic computation approach
[13-15], we suppose that Eq. (3) has the following solution:

Y =(-p)P+aly -0+ o, (4)

where p, p, €, and g are unknown constants. Sub-
stituting Egs. (4) into (3), we obtain

o(t) = j[63 + 0, — &5 + 2661dt, 67 = 0,

"3, (5)

Eo&1

05 =

Substituting Egs. (4) and (5) into Eq. (2), the one-order
rogue wave solution of Eq. (1) is written as follows:

2
u—[A[{f(g—ez + 05+ n0, + n@s))dt +p-x- r[z]
€o

+ &y - 2 + ll/ (6)
2 2
H[J.(B:)Z + 03 + n(0, + 1195))dt +p-Xx-— nz] +aly -e?+ 30] ]
0

When 65 = 6, = 65 = 0, = 1, Eq. (6) represents a rogue
wave, which is shown in Figure 1. When 65 = 65 = 6, = 1,
0, = t, Eq. (6) has two rogue waves, which is shown
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Figure1l:n=-2,60=3,§=1,p=p=x=2z=0, (a) 3D plot and (b)
contour plot.

in Figure 2. When 0, = 63 =1, 6, = sin(2t), 6¢ = 3 cost,
Eqg. (6) shows a periodic-type rogue wave, which is shown
in Figure 3.

3 Three-order rogue wave solution

To obtain the three-order rogue wave solution of Eq. (1),
we choose

YK, y) = p? + % + K° + YO + yiee

2 2
+ 20k(y%e3 + K€ + €)
+ 20y(y%e0 + K% + €19) + KY%e + Y25

(7
+ K2V + Y23 + &) + Ko + &g,

where g (i =10, ...,24) is unknown constant. Substi-
tuting Eq. (7) into Eq. (3), we derive

b) -

Figure2:n=-2,60=3,5=1,p=p=x=2z= 0, (a) 3D plotand (b)
contour plot.
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(a) (6)

Figure3:n=-2,6=3,§=1,p=p=x=2=0,(a) 3D plotand (b)

contour plot.
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4 Six-order rogue wave solution

To present the six-order rogue wave solution of Eq. (1), we have

(K, y) = K2 + yBeys + Yoeu7 + Yieus + (p* + 02
+ Y% + €0) + €51 + K026 + &5) + Yeus
+ K8V + YPes + &7) + Y50 + V1049

+ 2pK[KC + YOees + Yiges + K4 (YPEgo + E3)

I(2562 + €003 + ey + N2efs)dt

+ Y262 + K2(Y'e67 + V€66 + €65) + Eq1
6 2 2
+ 20y[y° + y*(K%es; + £56) + y2(ess
+ K25, + £53) + KO0 + K'E59 + KZEsg + E£5p]

(10)

+ KO[yOes5 + yies + y2en + £30]

2
+ K yBesg + yoe37 + Yiese + Y235 + £34]
+ K2V + YBeu3 + YO + ViEn

2
+ Y%€40 + £39),

where ¢; (i = 25, ...,69) is undetermined constant. Sub-

o) = o , stituting Eq. (10) into Eq. (3), we obtain
750, 25¢5 & x
- - =t E2E590
O e T e T ® 0= [[60+ 60, - exds + G0eld, 6, = =55,
3
&6 = 18108121, 6;= 0,6, =1, &5 = E‘9120*911, 1ese 19¢7 £2 738
225 27 75 e NP 826859’
P 6810&'11 &, = _5_120 _ &10En _ 25811522 5832 3149280 244944
13 = s € = y&9=—— 83—, 8 2
5 5 15 &0 o = 107ex€29
g, 520 Q%h | 3 %~ 52907904
fg=—-p° - Q"+ P 3 25
&io €11 » o PPes 466560
) eps=a(-p* - Q)+ —— + ——
Substituting Eqs. (7) and (8) into Eq. (2), the three-order 6 €%
rogue wave solution of Eq. (1) is obtained as follows: N 350929628 e 253€5£2
s €42 = ’
K=x+nz-00), u=2[nPl, =&y, O 12591616(3)837552947200 ‘s 793618562
) ] 3 £36€59 _ Neyesg _ 5ex
When 03 = 64 = 06 = 92 = 1 m Eq- (9), Wwe can see the inter- 841 - 28570268160 ’ 852 - 94478400 » €33 = 5_4’
action between three rogue waves in Figure 4. When ~180 5el 1%
05=0,=0,=1, 0,=1t in Eq. (9), we can see the inter- €55 = 2 & = W32’ &35 = 17447608
action between five rogue waves in Figure 5. 267 ,
- 19€5¢€59 ) = 5&3%
>Tor9176” P T 12

(b)*

Figurell:r[=—1,510:—6,£11=£21=Ezz=1,p:Q:lO,x:z:O,

(a) 3D plot and (b) contour plot.

OF

Figure5:r]=—1,610:—6,811:621=£22=1,p=Q:10,x:z:0,
(a) 3D plot and (b) contour plot.
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€62 = 6110722%’ &51 = £o(-p? - 0% (11)
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. 146415218
20406505568357744640000°
o=~ 2220 6,

Substituting Egs. (10) and (11) into Eq. (2), the six-order
rogue wave solution of Eq. (1) is obtained as follows:

u=2 [lnlp]xx’ l/) = lp(K’ }/).(12)

K=Xx+nz - 0(t),

(b)”

0

10
~2075,

Figure 6: n=-1,60=-2,=€9=66=1,p=0=10,x=2=0,
(a) 3D plot and (b) contour plot.
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Figure7: n=-1,e0=-2,5=€69=66=1,p=0=10,x=2=0,
(a) 3D plot and (b) contour plot.

When 65 =60,=0¢=0,=1 in Eq. (12), we can see the
interaction between six rogue waves in Figure 6. When
65=05=6,=1,6, =t in Eq. (12), we can see the interac-
tion between eight rogue waves in Figure 7.

5 Conclusion

In this work, a generalized (3+1)-dimensional vcKPe are
studied. Based on the modified symbolic computation
approach and symbolic computation [16-44], we obtain
the multiple rogue wave solutions of the generalized
(3+1)-dimensional vcKPe. By selecting different functions
of the variable coefficient, the dynamic properties of the
derived solutions are shown in Figures 1-7. In Figure 1,
we can find a rogue wave spreading. When 6, = t, two
rogue waves can be seen in Figure 2. When 6, and 64 are
selected as trigonometric functions, a periodic-type rogue
wave is shown in Figure 3. In Figure 4, we can observe the
interaction between three rogue waves. The interaction
between five rogue waves is shown in Figure 5. Further,
the interaction between six rogue waves is shown in
Figure 6, and the interaction between eight rogue waves
is shown in Figure 7.
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