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The one-dimensional heat equations with the heat generation arising in fractal transient conduction associated with local fractional
derivative operators are investigated. Analytical solutions are obtained by using the local fractional Adomian decomposition
method via local fractional calculus theory.Themethod in general is easy to implement and yields good results. Illustrative examples
are included to demonstrate the validity and applicability of the new technique.

1. Introduction

The Adomian decomposition method [1–3] was applied to
process linear and nonlinear problems in the fields of science
and engineering. Tatari and Dehghan [4] applied Adomian
decomposition method to process the multipoint boundary
value problem. Wazwaz [5] used Adomian decomposition
method to deal with the Bratu-type equations. Daftardar-
Gejji and Jafari [6] considered Adomian decomposition
method to analyze the Bagley Torvik equation. Larsson [7]
presented the solution for Helmholtz equation by using
the Adomain decomposition method. Tatari and coworkers
[8] investigated solution for the Fokker-Planck equation by
Adomain decomposition method.

Fractional calculus [9–12] was applied to model the phys-
ical and engineering problems for expressions of stress-strain
constitutive relations of different viscoelastic fractional order
properties of materials, diffusion processes with fractional
order properties, fractional order flows, analytical mechanics
of fractional order discrete system vibrations [13–15], and

so on. Recently, the application of Adomian decomposition
method for solving the linear and nonlinear fractional partial
differential equations in the fields of the physics and engineer-
ing had been established in [16, 17]. Adomian decomposition
method was applied to handle the time-fractional Navier-
Stokes equation [18], fractional space diffusion equation [19],
fractional KdV-Burgers equation [20], linear and nonlinear
fractional diffusion and wave equations [21], KdV-Burgers-
Kuramoto equation [22], fractional Burgers’ equation [23],
and so on. For more details on some methods for solving
fractional differential equations, see [24–28].

Recently, local fractional calculus theory was applied to
model some nondifferentiable problems for mathematical
physics (see [29–36] and the references therein). The Ado-
mian decomposition method, as one of efficient tools for
solving the linear and nonlinear differential equations, was
extended to find the solutions for local fractional differen-
tial equations [37–40] and nondifferentiable solutions were
obtained.
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The partial differential equationfs describing thermal
process of fractal heat conduction were suggested in [30, 38]
in the following form:

𝜕
𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑡𝛼
−

𝜕
2𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑥2𝛼
= 0. (1)

The initial and boundary conditions are

𝑢 (0, 𝑡) = 𝑓 (𝑡) ,

𝜕
𝛼

𝑢 (0, 𝑡)

𝜕𝑥𝛼
= 𝑔 (𝑡) ,

(2)

where the operator is the local fractional differential operator
[29, 30, 34, 37, 38], which is applied to model the heat
conduction problems in fractal media, fractal materials,
fractal fracture mechanics, fractal wave behavior, Navier-
Stokes equations on Cantor sets, Schrödinger equation with
local fractional derivative, and diffusion equations on cantor
space-time.

The one-dimensional heat equations with the heat gener-
ation arising in fractal transient conduction were considered
in [30] as

𝜕
𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑡𝛼
−

𝜕
2𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑥2𝛼
= 𝜙 (𝑥, 𝑡) , (3)

where 𝜙(𝑥, 𝑡) is the heat generation term.
We use initial and boundary conditions as follows:

𝑢 (0, 𝑡) = 𝑓 (𝑡) ,

𝜕
𝛼

𝑢 (0, 𝑡)

𝜕𝑥𝛼
= 𝑔 (𝑡) .

(4)

The aim of this paper is to investigate the one-dimensional
heat equations with the heat generation arising in fractal
transient conduction by using the local fractional Adomian
decomposition method.

This paper is structured as follows. In Section 2, we give
the basic notations and definitions of local fractional oper-
ators. In Section 3, local fractional Adomian decomposition
method for heat generation arising in fractal transient con-
duction is presented. Three examples are shown in Section 4.
Finally, Section 5 presents conclusions.

2. Preliminaries

In this section we present some basic definitions and nota-
tions of the local fractional operators which are used further
through the paper.

Let us denote local fractional continuity of 𝑓(𝑥) as

𝑓 (𝑥) ∈ 𝐶
𝛼
(𝑎, 𝑏) . (5)

Definition 1. Local fractional derivative operator of 𝑓(𝑥) at
the point 𝑥

0
is given by [29, 30, 34–38]:

𝑓
(𝛼)

(𝑥
0
) =

𝑑
𝛼

𝑓 (𝑥)

𝑑𝑥𝛼

󵄨󵄨󵄨󵄨󵄨󵄨󵄨󵄨𝑥=𝑥0

= lim
𝑥→𝑥0

Δ
𝛼

(𝑓 (𝑥) − 𝑓 (𝑥
0
))

(𝑥 − 𝑥
0
)
𝛼

, (6)

whereΔ𝛼(𝑓(𝑥)−𝑓(𝑥
0
)) ≅ Γ(1+𝛼)Δ(𝑓(𝑥)−𝑓(𝑥

0
)) and𝑓(𝑥) ∈

𝐶
𝛼
(𝑎, 𝑏).
Local fractional derivative of high order and local frac-

tional partial derivative of high order are written in the form
[29, 30, 38]

𝑓
(𝑘𝛼)

(𝑥) =

𝑘 times
⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞
𝐷
(𝛼)

𝑥
⋅ ⋅ ⋅ 𝐷
(𝛼)

𝑥
𝑓 (𝑥) ,

(7)

𝜕
𝑘𝛼

𝜕𝑥𝑘𝛼
𝑓 (𝑥, 𝑦) =

𝑘 times
⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞
𝜕
𝛼

𝜕𝑥𝛼
⋅ ⋅ ⋅

𝜕
𝛼

𝜕𝑥𝛼
𝑓 (𝑥, 𝑦) ,

(8)

respectively.
As inverse of local fractional differential operator, the

local fractional integral operator of 𝑓(𝑥) in the interval [𝑎, 𝑏]
is defined as [29, 30, 36–38]

𝑎
𝐼
(𝛼)

𝑏
𝑓 (𝑥) =

1

Γ (1 + 𝛼)
∫

𝑏

𝑎

𝑓 (𝑡) (𝑑𝑡)
𝛼

=
1

Γ (1 + 𝛼)
lim
Δ𝑡→0

𝑗=𝑁−1

∑

𝑗=0

𝑓 (𝑡
𝑗
) (Δ𝑡
𝑗
)
𝛼

,

(9)

where a partition of the interval [𝑎, 𝑏] is denoted as Δ𝑡
𝑗

=

𝑡
𝑗+1

− 𝑡
𝑗
, Δ𝑡 = max{Δ𝑡

0
, Δ𝑡
1
, Δ𝑡
𝑗
, . . .} and 𝑗 = 0, . . . , 𝑁 − 1,

𝑡
0
= 𝑎, and 𝑡

𝑁
= 𝑏.

The properties are only presented as follows [29, 30, 37]:

𝐷
(𝛼)

𝑥
[𝑓 (𝑥) 𝑔 (𝑥)]

= (𝐷
(𝛼)

𝑥
𝑓 (𝑥)) 𝑔 (𝑥) + 𝑓 (𝑥) (𝐷

(𝛼)

𝑥
𝑔 (𝑥)) ,

𝑎
𝐼
(𝛼)

𝑥
𝑓 (𝑥) 𝑔

(𝛼)

(𝑥)

= [𝑓 (𝑥) 𝑔 (𝑥)]
󵄨󵄨󵄨󵄨
𝑥

𝑎
−
𝑎
𝐼
(𝛼)

𝑥
𝑓
(𝛼)

(𝑥) 𝑔 (𝑥) ,

𝐷
(𝛼)

𝑥

𝑥
𝑘𝛼

Γ (1 + 𝑘𝛼)
=

𝑥
(𝑘−1)𝛼

Γ [1 + (𝑘 − 1) 𝛼]
,

0
𝐼
(𝛼)

𝑏

𝑥
𝑘𝛼

Γ (1 + 𝑘𝛼)
=

𝑥
(𝑘+1)𝛼

Γ [1 + (𝑘 + 1) 𝛼]
.

(10)

3. Analysis of the Method

Let us rewrite the heat equations with the heat generation
arising in fractal transient conduction in the form

𝐿
(𝛼)

𝑡
𝑢 − 𝐿
(2𝛼)

𝑥𝑥
𝑢 = 𝜙, (11)

subject to the initial and boundary conditions

𝑢 (0, 𝑡) = 𝑓 (𝑡) ,

𝜕
𝛼

𝑢 (0, 𝑡)

𝜕𝑥𝛼
= 𝑔 (𝑡) ,

(12)

where 𝜕𝛼/𝜕𝑡𝛼 and 𝜕
2𝛼

/𝜕𝑥
2𝛼 symbolize 𝐿(𝛼)

𝑡
and 𝐿

(2𝛼)

𝑥𝑥
, respec-

tively.
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By defining the twofold local fractional integral operator
as 𝐿(−2𝛼)
𝑥𝑥

, we have

𝐿
(−2𝛼)

𝑥𝑥
[𝐿
(𝛼)

𝑡
𝑢 − 𝜙] = 𝐿

(−2𝛼)

𝑥𝑥
𝐿
(2𝛼)

𝑥𝑥
𝑢, (13)

so that

𝑢 = 𝐿
(−2𝛼)

𝑥𝑥
𝐿
(𝛼)

𝑡
𝑢 − 𝐿
(−2𝛼)

𝑥𝑥
𝜙 +

𝑥
𝛼

Γ (1 + 𝛼)
𝑔 (𝑡) + 𝑓 (𝑡) . (14)

Hence, we get

𝑢 (𝑥, 𝑡) = 𝑢
0
(𝑥, 𝑡) + 𝐿

(−2𝛼)

𝑥𝑥
[𝐿
(𝛼)

𝑡
𝑢 (𝑥, 𝑡)] , (15)

where

𝑢
0
(𝑥, 𝑡) = −𝐿

(−2𝛼)

𝑥𝑥
𝜙 +

𝑥
𝛼

Γ (1 + 𝛼)
𝑔 (𝑡) + 𝑓 (𝑡) . (16)

So, from (15) we have iterative formula as follows:

𝑢
𝑛+1

(𝑥, 𝑡) = 𝐿
(−2𝛼)

𝑥𝑥
[𝐿
(𝛼)

𝑡
𝑢
𝑛
(𝑥, 𝑡)] , 𝑛 ≥ 0, (17)

where 𝑢
0
(𝑥, 𝑡) = −𝐿

(−2𝛼)

𝑥𝑥
𝜙 + (𝑥

𝛼

/Γ(1 + 𝛼))𝑔(𝑡) + 𝑓(𝑡).
Finally, the exact solution can be constructed as follows:

𝑢 (𝑥, 𝑡) = lim
𝑛→∞

𝑛

∑

𝑖=1

𝑢
𝑖
(𝑥, 𝑡) . (18)

4. Illustrative Examples

Example 1. In view of (3), we consider 𝜙(𝑥, 𝑡) = 1, 𝑓(𝑡) =

𝑡
𝛼

/Γ(1 + 𝛼), and 𝑔(𝑡) = 𝑡
𝛼

/Γ(1 + 𝛼).
We have

𝜕
𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑡𝛼
−

𝜕
2𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑥2𝛼
= 1, (19)

subject to the initial value condition

𝑢
0
(𝑥, 𝑡) = −

𝑥
2𝛼

Γ (1 + 2𝛼)
+

𝑥
𝛼

Γ (1 + 𝛼)

𝑡
𝛼

Γ (1 + 𝛼)
+

𝑡
𝛼

Γ (1 + 𝛼)
.

(20)

From (19) we have the following recursive relations:

𝑢
𝑛+1

(𝑥, 𝑡) = 𝐿
(−2𝛼)

𝑥𝑥
[𝐿
(𝛼)

𝑡
𝑢
𝑛
(𝑥, 𝑡)] . (21)

In view of (21), the first few terms of the decomposition series
read

𝑢
0
(𝑥, 𝑡) = −

𝑥
2𝛼

Γ (1 + 2𝛼)
+

𝑥
𝛼

Γ (1 + 𝛼)

𝑡
𝛼

Γ (1 + 𝛼)
+

𝑡
𝛼

Γ (1 + 𝛼)
,

𝑢
1
(𝑥, 𝑡) =

𝑥
3𝛼

Γ (1 + 3𝛼)
+

𝑥
2𝛼

Γ (1 + 2𝛼)
.

(22)

From (25) we get

𝑢
2
(𝑥, 𝑡) = 𝑢

3
(𝑥, 𝑡) = ⋅ ⋅ ⋅ = 𝑢

𝑛
(𝑥, 𝑡) = 0. (23)
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Figure 1: Solution for the one-dimensional heat equations with a
fixed value 𝛼 = ln 2/ ln 3.

Therefore, the exact solution of (19) can be written as

𝑢 (𝑥, 𝑡) =
𝑥
3𝛼

Γ (1 + 3𝛼)
+

𝑥
𝛼

Γ (1 + 𝛼)

𝑡
𝛼

Γ (1 + 𝛼)
+

𝑡
𝛼

Γ (1 + 𝛼)
.

(24)

The value of the fractal-dimension order 𝛼 = ln 2/ ln 3 of the
behavior of the solution is shown in Figure 1.

Example 2. When 𝜙(𝑥, 𝑡) = 1, 𝑓(𝑡) = 𝑡
𝛼

/Γ(1 + 𝛼), and 𝑔(𝑡) =

0, we get

𝜕
𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑡𝛼
−

𝜕
2𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑥2𝛼
= 1. (25)

We give the initial value condition as follows:

𝑢
0
(𝑥, 𝑡) = −

𝑥
2𝛼

Γ (1 + 2𝛼)
+

𝑡
𝛼

Γ (1 + 𝛼)
. (26)

From (19) we have the following recursive relations:

𝑢
𝑛+1

(𝑥, 𝑡) = 𝐿
(−2𝛼)

𝑥𝑥
[𝐿
(𝛼)

𝑡
𝑢
𝑛
(𝑥, 𝑡)] . (27)

From (27), we have the first few terms of the decomposition
series as follows:

𝑢
0
(𝑥, 𝑡) = −

𝑥
2𝛼

Γ (1 + 2𝛼)
+

𝑡
𝛼

Γ (1 + 𝛼)
,

𝑢
1
(𝑥, 𝑡) =

𝑥
2𝛼

Γ (1 + 2𝛼)
.

(28)

Hence, we get

𝑢
2
(𝑥, 𝑡) = 𝑢

3
(𝑥, 𝑡) = ⋅ ⋅ ⋅ = 𝑢

𝑛
(𝑥, 𝑡) = 0. (29)

So, the exact solution of (19) reads

𝑢 (𝑥, 𝑡) =
𝑡
𝛼

Γ (1 + 𝛼)
. (30)

The solution with fractal-dimension order 𝛼 = ln 2/ ln 3 is
shown in Figure 2.
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Figure 2: Solution for the one-dimensional heat equations with a
fixed value 𝛼 = ln 2/ ln 3.

Example 3. When 𝜙(𝑥, 𝑡) = 1, 𝑓(𝑡) = 0, and 𝑔(𝑡) = 𝑡
𝛼

/Γ(1 +

𝛼), we get

𝜕
𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑡𝛼
−

𝜕
2𝛼

𝑢 (𝑥, 𝑡)

𝜕𝑥2𝛼
= 1. (31)

The initial value condition is presented as follows:

𝑢
0
(𝑥, 𝑡) = −

𝑥
2𝛼

Γ (1 + 2𝛼)
+

𝑥
𝛼

Γ (1 + 𝛼)

𝑡
𝛼

Γ (1 + 𝛼)
. (32)

From (19) the recursive relations follow

𝑢
𝑛+1

(𝑥, 𝑡) = 𝐿
(−2𝛼)

𝑥𝑥
[𝐿
(𝛼)

𝑡
𝑢
𝑛
(𝑥, 𝑡)] . (33)

In view of (27), we get the few terms of the series; namely,

𝑢
0
(𝑥, 𝑡) = −

𝑥
2𝛼

Γ (1 + 2𝛼)
+

𝑥
𝛼

Γ (1 + 𝛼)

𝑡
𝛼

Γ (1 + 𝛼)
,

𝑢
1
(𝑥, 𝑡) =

𝑥
3𝛼

Γ (1 + 3𝛼)
.

(34)

Hence, we get

𝑢
2
(𝑥, 𝑡) = 𝑢

3
(𝑥, 𝑡) = ⋅ ⋅ ⋅ = 𝑢

𝑛
(𝑥, 𝑡) = 0. (35)

So, the exact solution of (19) reads

𝑢 (𝑥, 𝑡) =
𝑥
3𝛼

Γ (1 + 3𝛼)
−

𝑥
2𝛼

Γ (1 + 2𝛼)
+

𝑥
𝛼

Γ (1 + 𝛼)

𝑡
𝛼

Γ (1 + 𝛼)
.

(36)

Figure 3 shows the exact solution when 𝛼 = ln 2/ ln 3.

5. Conclusions

In this work, analytical solutions for the one-dimensional
heat equationswith the heat generation arising in fractal tran-
sient conduction associated with local fractional derivative
operators were discussed. The obtained solutions are nondif-
ferentiable functions, which are Cantor functions and they
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Figure 3: The surface shows the exact solution 𝑢(𝑥, 𝑡) with a fixed
value 𝛼 = ln 2/ ln 3.

discontinuously depend on the local fractional derivative. It
is shown that the local fractional Adomian decomposition
method is an efficient and simple tool for solving local
fractional differential equations.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This paperwas supported by theNational Scientific andTech-
nological Support Projects (no. 2012BAE09B00), theNational
Natural Science Foundation of China (no. 11126213 and no.
61170317), and theNationalNatural Science Foundation of the
Hebei Province (no. E2013209215).

References

[1] G. Adomian, Nonlinear Stochastic Operator Equations, Aca-
demic Press, Orlando, Fla, USA, 1986.

[2] G. Adomian, Solving Frontier Problems of Physics: The Decom-
position Method, vol. 60 of Fundamental Theories of Physics,
Kluwer Academic Publishers, Dordrecht, The Netherlands,
1994.

[3] G. Adomian, “A review of the decomposition method in
applied mathematics,” Journal of Mathematical Analysis and
Applications, vol. 135, no. 2, pp. 501–544, 1988.

[4] M. Tatari andM. Dehghan, “The use of the Adomian decompo-
sitionmethod for solvingmultipoint boundary value problems,”
Physica Scripta, vol. 73, no. 6, pp. 672–676, 2006.

[5] A.-M. Wazwaz, “Adomian decomposition method for a reliable
treatment of the Bratu-type equations,” Applied Mathematics
and Computation, vol. 166, no. 3, pp. 652–663, 2005.

[6] V. Daftardar-Gejji and H. Jafari, “Adomian decomposition: a
tool for solving a system of fractional differential equations,”
Journal of Mathematical Analysis and Applications, vol. 301, no.
2, pp. 508–518, 2005.



Abstract and Applied Analysis 5

[7] E. Larsson, “A domain decomposition method for the
Helmholtz equation in a multilayer domain,” SIAM Journal on
Scientific Computing, vol. 20, no. 5, pp. 1713–1731, 1999.

[8] M. Tatari, M. Dehghan, and M. Razzaghi, “Application of
the Adomian decomposition method for the Fokker-Planck
equation,” Mathematical and Computer Modelling, vol. 45, no.
5-6, pp. 639–650, 2007.

[9] J. A. T. Machado, D. Baleanu, and A. C. Luo,Nonlinear Dynam-
ics of Complex Systems: Applications in Physical, Biological and
Financial Systems, Springer, New York, NY, USA, 2011.

[10] J. Klafter, S. C. Lim, and R.Metzler, Fractional Dynamics: Recent
Advances, World Scientific Publishing, Singapore, 2012.

[11] F. Mainardi, Fractional Calculus and Waves in Linear Viscoelas-
ticity, Imperial College Press, London, UK, 2010.

[12] D. Baleanu, K. Diethelm, E. Scalas, and J. J. Trujillo, Fractional
Calculus: Models and Numerical Methods, vol. 3 of Series on
Complexity, Nonlinearity and Chaos, World Scientific Publish-
ing, Hackensack, NJ, USA, 2012.

[13] K. S. Hedrih, “Analytical mechanics of fractional order discrete
system vibrations,” Advances in Nonlinear Sciences, vol. 3, pp.
101–148, 2011.

[14] K.Hedrih, “Modes of the homogeneous chain dynamics,” Signal
Processing, vol. 86, no. 10, pp. 2678–2702, 2006.

[15] K. Hedrih, “Dynamics of coupled systems,” Nonlinear Analysis:
Hybrid Systems, vol. 2, no. 2, pp. 310–334, 2008.

[16] C. Li and Y. Wang, “Numerical algorithm based on Adomian
decomposition for fractional differential equations,” Computers
& Mathematics with Applications, vol. 57, no. 10, pp. 1672–1681,
2009.

[17] H. Jafari and V. Daftardar-Gejji, “Solving a system of nonlinear
fractional differential equations using Adomian decomposi-
tion,” Journal of Computational and Applied Mathematics, vol.
196, no. 2, pp. 644–651, 2006.

[18] S. Momani and Z. Odibat, “Analytical solution of a time-
fractional Navier-Stokes equation by Adomian decomposition
method,” Applied Mathematics and Computation, vol. 177, no. 2,
pp. 488–494, 2006.

[19] S. S. Ray and R. K. Bera, “Analytical solution of a fractional dif-
fusion equation by Adomian decomposition method,” Applied
Mathematics and Computation, vol. 174, no. 1, pp. 329–336,
2006.

[20] Q. Wang, “Numerical solutions for fractional KdV-Burgers
equation by Adomian decomposition method,” Applied Math-
ematics and Computation, vol. 182, no. 2, pp. 1048–1055, 2006.

[21] H. Jafari and V. Daftardar-Gejji, “Solving linear and nonlinear
fractional diffusion and wave equations by Adomian decompo-
sition,” Applied Mathematics and Computation, vol. 180, no. 2,
pp. 488–497, 2006.

[22] M. Safari, D. D. Ganji, and M. Moslemi, “Application of He’s
variational iteration method and Adomian’s decomposition
method to the fractional KdV-Burgers-Kuramoto equation,”
Computers & Mathematics with Applications, vol. 58, no. 11-12,
pp. 2091–2097, 2009.

[23] M. El-Shahed, “Adomian decomposition method for solving
Burgers equation with fractional derivative,” Journal of Frac-
tional Calculus, vol. 24, pp. 23–28, 2003.

[24] J. Hristov, “Transient flow of a generalized second grade fluid
due to a constant surface shear stress: an approximate integral-
balance solution,” International Review of Chemical Engineering,
vol. 3, no. 6, pp. 802–809, 2011.

[25] J. Hristov, “Heat-balance integral to fractional (half-time) heat
diffusion sub-model,”Thermal Science, vol. 14, no. 2, pp. 291–316,
2010.

[26] H. Jafari, H. Tajadodi, N. Kadkhoda, and D. Baleanu, “Frac-
tional subequation method for Cahn-Hilliard and Klein-
Gordon equations,” Abstract and Applied Analysis, vol. 2013,
Article ID 587179, 5 pages, 2013.

[27] A. Atangana and A. Secer, “The time-fractional coupled-
Korteweg-de-Vries equations,” Abstract and Applied Analysis,
vol. 2013, Article ID 947986, 8 pages, 2013.

[28] A. Atangana and A. K. Kılıçman, “Analytical solutions of
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