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In this paper, we first propose the new coupling schedule for series expansion
method and Sumudu transform, which is called the local fractional Sumudu se-
ries expansion method. Adopting the proposed technology, we consider the diffu-
sion equation in fractal heat transfer. The obtained result shows that the present-
ed technology is easy, simple, efficient and accurate.
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Introduction
In this paper, we consider the diffusion equation in fractal heat transfer within local
fractional time and space derivatives [1, 2]:
QP (x,1) - QPP (x,1)=0, 0<p<I (1)
where

B _
 —lim AP[Q(x,7) = Q(x,7)]
0 7, (T -7, )ﬂ
with AP[Q(x, 7) - Q(x,79)] =T+ BHA[Q(x,7) —Q(x,75)] . Many methods are utilized to
deal with local fractional differentiable equations, such as VIM [3-6], DM [6, 7], LFLT [8, 9],

LFFT [10, 11], LFLVIM [12, 13], LFSEM [14, 15] and so on. The local fractional Sumudu
transform (LFST) of f{x) of order # (0< S <1) is defined as [16]:

0P (x,70) =
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LFSgla(t)}=——— [ E4(-h"" ﬂ) =Jdr)’, 0<p<l (3)

where
j =N-1
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with the partitions of the interval [r,ro] are (7;,7,,), j=0,.,N-1,Ar=7,,, -7,
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Main target of the article is to derive the local fractional Sumudu series expansion
method (LFSSEXM) in order to deal with the diffusion eq. (1) in fractal heat transfer within
local fractional time and space derivatives.

Analysis of the LFSSEM

We rewrite eq. (1) in local fractional differential operator form:
o) =H 0 (5)

where Hj is a linear local operator with respect to x and (D(Tﬂ ) =P d(x,7)/d7”.
Considering a multi-term separated functions of independent variables ¢ and x:

D(x,7) =2 1 (D)g; (%) (6)

i=0
where 7,(r) =7 /IT(1+if) and ¢,(x) are two local fractional continuous functions, we have:

0 zﬁ
D(x,7) = ZF a+ip) ?;(x) (7)
Taking the LFLT of right and left of egs. (5) and (7):

D(h,7)= ) 8
(h,7) ;F( ;2 ®)
LS00 ()= 2 ©)

i=0

) if el
LFS [H ,® -H ? ’/” H 40.(h 10
5[H,0(x,7)] ﬂ@m T 2 )} Zor PHgp(W]  (10)
we have:

;—F(Hiﬂ)t P ()= Zor [H 0, (1] (11)

which yields the follow relationship:

@i (h) = (Hzp;)(h) (12)
In view of eq. (12), we get:
Whe)=> s e o) (13)
where the convergent condition is given as:
ip
LwLa g )} .
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Hence, taking inverse LFST (see Appendix), the solution of eq. (1) reads:
®(x,7) = LFS;'[®(h,7)] (15)
An illustrative example
Let us consider an initial value in the form:
®(x,0) =sin 4 (x) (16)
Making use of eq. (12), we get:

@1 (M) = (H 3, )(h)

. 2 WP 17)
Po(h) = LS iy ()} =
which leads to:
WP
(Do(h)=v (18)
@ (h )— hzﬁ (19)
hﬂ
¢2(h)=—m (20)
h)y=—— 21
(03( ) 1+h2’6 ( )
h W
= 22
¢4( ) 1+h2ﬁ ( )
and so on.
Therefore, we have:
o " 23
(D h — even
((h,7) = l;en( D F(l+zﬂ)1+h2ﬂ (23)
h,7) = _T 24)
®,(h,7)= ,%‘d( 1) T ip) 17 (
so that:
Z IO Z /Y 05
(D h 7) = 1 even
( ) i= odd( ) F(l+lﬂ)1+h2ﬂ i= even( ) r(1+lﬂ)l+h2'ﬁ

Hence, with help of the inverse LFST, we obtain the non-differentiable solution of
diffusion eq. (1) arising in fractal heat transfer:
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®(x,7) =LFS,'[®(h,7)]

i P WP
:LFS—I i+l T even
’{l%d( b T(+if) 1+ hzﬁ 2( b T(+if) 1+ 1>
0 iﬂ iﬁ
= i;{‘;d (-t —— i3 —————cosy (ar?)+ 1 ez:ven( Hever —— T+ B ————sin, (ar?) (26)

Conclusions

In this work, we first had pointed out the local fractional Sumudu series expansion
method (LFSSEM), which is a coupling scheme of LFSEM with LFST. An illustrative exam-
ple for the non-differentiable solution of diffusion equation arising in fractal heat transfer is
shown. The obtained result illustrates that the presented method is easy, simple, efficient, and
accurate to find the solutions to local fractional partial differential equations.

Appendix
The inverse LFST is given as [16]:

LFSMLFS,[f(O)} = f(r), 0<p<1
The properties of LFST are [16]:
LESp{f (D) +g(0); = Fg(h) + Gy (h)

P r(r 1
LFSy % = —FILFSp{f (@)} = () =k £ (0)]
ah?
LFSﬁ{smﬁ(arﬂ)} W
LFS ,{cos z(ar?)} = _
B B 1+ a2h2#
Nomenclature
X — space co-ordinates, [m] Greek symbols
LFSg — LFST operator, [-] . . .
I FSﬁ _ inverse LFST operator, [] p — time fractal dimensional order, [-]
T — time, [s]
®(x, 7) — concentration, []
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