Zhang, W., et al.: The Local Fractional Series Expansion Solutions for...
THERMAL SCIENCE, Year 2016, Vol. 20, Suppl. 3, pp. S863-S866 S863

THE LOCAL FRACTIONAL SERIES EXPANSION SOLUTION FOR
LOCAL FRACTIONAL KORTEWEG-DE VRIES EQUATION

by

Wei ZHANG*"", Kai-Li XU", and Yun LEI*?

2@ College of Resources and Civil Engineering, Northeastern University, Shenyang, China
b College of Energy and Water Resources, Shenyang Institute of Technology, Fushun, China
¢ School of Geoscience and Technology, Southwest Petroleum University, Chengdu, China
4 Shenyang Research Institute, China Coal Technology & Engineering Group Corp,
Shenyang, China

Original scientific paper
DOI: 10.2298/TSCI16S3863Z

In this paper, the local fractional series expansion method is used to find the se-
ries solution for the local fractional Korteweg-de Vries equation.
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Introduction

The local fractional Korteweg-de Vries equation in the special parameters were writ-
ten in the form [1, 2]:

& T(y,7)

S B
7 ) H(Z,r)+a3 M(7,7) _

on 6773ﬁ
where /07, 65/8;7ﬁ , and 63'8/6173’8 are the local fractional partial derivatives [1] and I1(n,7) is

the non-differentiable wave function. In this paper, we consider the linear local fractional
Korteweg-de Vries equation [1, 2]:
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with the initial value condition:

0 (2a)

T(7,0)=E4 (") (2b)

where T1(7,7) is the wave speed of the fractal wave, and E, (7”) is the Mittag-Leffler func-
tion defined on Cantor sets [1].

The local fractional derivative was used to model the electric circuit [3], damped vi-
bration [4], population [5], heat flow [6], and others [7-15]. The local fractional series expan-
sion method (LFSEM) was proposed in [13], and the extensions of the technology were de-
veloped in [14, 15]. The main aim of the article is to consider a new application of the
LFSEM to solve the linear local fractional Korteweg-de Vries equation.
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The non-differentiable solution for linear local
fractional Korteweg-de Vries equation

Following the idea [13], we consider the multi-term separated functions of inde-
pendent variables # and 7, namely:

T(7,7) = ) (1), (1) 3)
k=0
where @y(7) and O,(#) are two non-differentiable functions.
Let
P A
(7,
(17,7) = Zm 55 % 4
then we have:
aﬂn( , -
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and
a”H(n,r) Z 26, )
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Therefore, from egs. (5)-(7) we can structure the formula:
& P e R )
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which leads to the iterative relationship:
e, 70, _
®k+1 (77) + anﬁ + 5773ﬂ =0 (9)
with the initial value condition:
©y () =Eg(n”) (10)
We rewrite eq. (9):
0. () =—| L0 370,
o on ot | (11)
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Thus, from eq. (11) we obtain the series solution of non-differentiable type:

®,(7) = —[aﬂs;)ﬂ(”) ¥ 6323;’ 15’7)} =2E,(7"), (12)
@2(77):{5/3;:;;,7) ¥ 6325;)31;’7)}:22Eﬁ(nﬂ) (13)
O5(17) = {aﬂs;ﬂ(n) + 632332/3(77)} =-2Ey4(n”) (14)
0,(7) :{aﬂf;/gn) T 832%’7)} =2'E, (") (15)

and so on.

Thus, we find the non-differentiable solution of eq. (2a) in the series form:

(n.7) =Y (-2) -
k=0

In view of eq. (16), we have the closed so-
lution of the non-differentiable type:

(n,7)=Ez(-2tM)Eg(n”)  (17)

and the corresponding graph of eq. (17) is illus-
trated in fig. 1.

Conclusion

In this work, we employed the LFSEM to
solve the linear local fractional Korteweg-de
Vries equation. The non-differentiable solution
of the linear local fractional Korteweg-de Vries
equation in the closed and series forms was ob-
tained. The result is given to show the efficien-
cy of the technology to solve the local fraction-
al partial differential equations in fluid flows.
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Figure 1. The non-differentiable solution of the
linear local fractional Korteweg-de Vries
equation (for color image see journal web-site)
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Nomenclature

n — space co-ordinate, [m]
p — fractal order, [—]

I1(7, 7) — wave speed, [ms™']
T — time, [s]
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