Copyright © 2015 American Scientific Publishers
All rights reserved
Printed in the United States of America

Journal of
Computational and Theoretical Nanoscience
Vol. 12, 1-7, 2015

Interaction Due to Thermal Source in Micropolar
Thermoelastic Diffusion Medium

Ibrahim A. Abbas'-2*, Rajneesh Kumar?, and Sachin Kaushal*

' Department of Mathematics, Faculty of Science and Arts-Khulais, King Abdulaziz University, Jeddah, Saudi Arabia
2Department of Mathematics, Faculty of Science, Sohag University, Sohag, Egypt
8 Department of Mathematics, Kurukshetra University, Kurukshetra
4 Department of Mathematics, M. M University, Mullana (Ambala), Haryana, India

In present study, the deformation in an micropolar thermoelastic diffusion medium due to thermal
source by the use of finite element method (FEM) is investigated in the context of Lord-Shulman
(L-S) theory of thermoelastiicty. A special type of sources have been taken to show the utility of the
approach. The components of displacement, stress, microrotation, temperature change and mass
concentration are computed numerically and depicted graphically to show the impact of micropo-
larity, diffusion and relaxation times. Some particular and specials cases are also deduced from

present investigation.
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1. INTRODUCTION

Classical elasticity is inadequate to represent the behav-
ior of material containing laminates and granular fibers as
analysis of such materials requires incorporating the the-
ory of oriented media, for this reason, micropolar theo-
ries are developed by Eringen!? for elastic solids, fluid
and further for non-local polar fields. Also Nowacki®
developed a theory of micropolar coupled thermoelasticity.
Later on, Touchert et al.* formulated the basic equations
of linear theory of micropolar coupled thermoelasticity.
Chandrasekharaiah® derived the theory of micropolar ther-
moelasticity in which heat flux is included among the con-
stitutive variables. Boschi and Iesan® extended generalized
theory of micropolar thermoelastic that permits the trans-
mission of heat as thermal waves at finite speed.

Diffusion is important in many life processes and is
of great interest due to its various applications in geo-
physics and industrial application. These days, oil compa-
nies are interested in the process of thermoelastic diffusion
for more efficient extraction of oil from deposits. Ther-
moelastic diffusion in an elastic solid is due to coupling
of the fields of temperature, mass diffusion and that of
strain. Nowacki’!% developed the theory of thermoelastic
diffusion. In this theory, the coupled thermoelastic model
is used. This implies infinite speeds of propagation of ther-
moelastic waves.
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Gawinecki and Szymaniec'' proved a theorem about
global existence of the solution for a non-linear parabolic
thermoelastic diffusion problem. Sherief et al.'> developed
the theory of generalized thermoelastic diffusion with one
relaxation time, which allows the finite speed of propaga-
tion of waves. Sherief and Shaleh!? discussed a half space
problem in the theory of generalized thermoelastic diffu-
sion with one relaxation time. Kumar et al.'*!> discussed
source problems in micropolar thermodiffusive medium.
Miglani and Kaushal'® studied propagation of transverse
and microrotational waves in micropolar generalized ther-
modiffusion elastic medium. The finite element method is
well addressed in the last century and dominant numerical
method, which needs less computation in addition to their
high accuracy in literature due to which it remains the
method of choice for complex systems. A further benefit of
this method is that it allows physical effects to be visual-
ized and quantified regardless of experimental limitations.
Othman and Abbas!” studied the effect of rotation on plane
waves at the free surface of a fibrereinforced thermoelastic
half-space using the finite element method. Abbas'® inves-
tigated ramp-type heating in a generalized thermoelastic
half space with the help of finite element analysis. Abbas
et al.'” studied response of thermal source in a transversely
isotropic thermoelastic half-space with mass diffusion by
finite element method. Recently,’*?? variants problems in
waves are studied. Other forms are described for exam-
ple in the Refs. [23-25]. The counterparts of our problem
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in the contexts of the thermoelasticity theories have been
considered by using analytical and numerical methods.?6~

In present work, the Lord and Shulman theory of ther-
moelasticity is applied to study the thermal source with
the help of finite element method. Furthermore, numerical
results for the components of displacement, stresses, tem-
perature distribution, concentration and chemical potential
are represented graphically to show the impact of relax-
ation time.

2. BASIC EQUATIONS

Following Eringen,! Nowacki,” Lord and Shulman,? the
governing equations for homogeneous isotropic micropo-
lar generalized thermoelastic diffusion in absence of body
forces, body couples, heat sources and diffusive mass
sources are:

The constitutive relations,

= Ay O+ (g +uy ) + Ky = €m®n)
— BT, — B,Coy, 1)
my = ad, 8+ PBd;+vd i (2)
P=—-B,e,, +bC—aT 3)

Stress equations of motion,
Aty g+ (4 Ky + Ko
=BT —B,C = piiy 4)
Couple stress equations of motion,
(a+PB)b i+ v+ Kegtty, — 2K, = Pj‘{z’.k (5)

Equation of heat conduction,

9\ T 9\ dey
Cel1 — |— INE! —|—
P E( +T°at> ar TR 0( +T°az> at

+aly| 1+ 7)€ =K'T (6)
a To— = .
0 0 a 8t 7
Equation of mass diffusion,
da\adC
DB,ey i+ DaT ;+ (1 + Toa—t) =7 ~DbC,=0 (7)

where
1 .
eljzi(ui‘j—l—uj’i) (i=1,2,3)

Bi=0BA+2u+K)a, B,=0CBA+2u+K)a,

A, p-Lame’s constants, «,-coefficient of linear ther-
mal expansion, «.-coefficient of diffusion expansion,
p-density, K*-thermal conductivity, Cg-specific heat,
t;-components of stress tensor, m;-components of
couple stress tensor, e;-components of strain tensor,
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e = ey, O;-kronecker delta, u;-displacement compo-
nents, ¢,-microrotational components, C-concentration,
Jj-microrotation interia, K, «, 8, v, a, b-material constant,
t-time, T-absolute temperature, Tj,-temperature of medium
in its natural state assumed to be such that |T/T;| < 1,
D-thermoelastic diffusion constant, P-chemical potential
per unit mass.

3. FORMULATION AND SOLUTION OF
THE PROBLEM

We consider a homogeneous, isotropic micropolar gener-
alized thermodiffusion elastic solid in undeformed state
at temperature 7;,, which we designate as the medium
z >0 in rectangular cartesian co-ordinate Oxyz. We con-
sider thermoelastic plane wave in xz-plane with wave front
parallel to y-axis and all the field variables depend only on
x, z and ¢. As the problem considered is two dimensional,
therefore the displacement component u and microrotation
component ¢ can be written as

i=(u.0,w), ¢=1(0,,.0) (8)
Using Eq. (8) in Egs. (4)—(7), we obtain

de 8¢>
(A )= + (4 K)Viu K——Bl Bz
dx az
u
— 9
az2 )
d> aC
(A+M)—+(M+K)V2 Bza_z
Pw
=p— 10
P (10)
u Jw P o,
Vo, +K(———|—-2K 11
Y+ ( - ax) 6, = o (1)
a\oT
pCr 1+708_t 8_I+B1TO 1+70
+aT,| 1+ 9% K*V*T (12)
a To— | — =
0 %9t ) o
DB 9 +82 8u+8w + DaViT
o2 "o J\ox T )T
d\aC
1+7°—)——DbV’C =0 13
+< T a;) at (13
The following dimensionless quantities are introduced:
x/:&x Z/:&Z u/:pclwl
¢ ¢ BT,
ro_ b r_t w = P
“ BT BTy BT,
C'=B—22c, 7 BlzT & = pei Ly (14)
pC; pC; BTy’
o 0 ’ W, /
T =7, m) = mg;, T, =T,
: YT, :
' =wt
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where

A2u+K Cpc?
42(;1ﬁi_)am o, = PEEC
p K

Using dimensionless quantities defined by the Eq. (14) in
Eqgs. (9)—-(13), we obtain (after suppressing the primes).

de, , i, T aCc  u
ala—Fan u—a3 az —a4a—a4£:a—t2 (15)
de, ap, oT aC  Pw
— v? > g ——a,—=—— (16
a, PR +a,V'w+a, I a, iz a, P PP (16)
u Jw P,
2 _ y
aSV (f)),+a6<a—z—a>—a7(f)y— 6’—1‘2 (17)
4+ d\oT n 4+ d\ de,
To— | — Tom | =
097 ) ar T %9t ) ot
d\ dC
1 — )| —==VT 18
+a9< +T°at) at (18)
d\aoC
Vv? V2T 1 _ )=
apVoeytap +‘112< +T o) ar
—a;;V’C =0 (19)
where
; _ A+ . _ (n+K) o K
: PC12 ' ? PC12 ' ’ BT,
v pci v o KB\ T,
! BT, ° PJC%’ ¥ jpPcio
2K B? To2 aBlT()Clz
= —, Qg= ——, dy=
’ jpwi : K*wip’ci ’ K*w,B,
a4 = DB, B, Ty a = Dap - pci
=" > =75 2=
PC? Bi Brw,
Db 9? 9? d d
a;z = P Vi= —+— == -

T B :8x2+6’22’ T T oz

From the Eqgs. (1)—(3), with the help of (8) and (14) (after
suppressing the primes), we get the expressions for stress
components and chemical potential as

du dw
tmza—i—hlg—a“T—%C
dw du
tzz=¥+hl£—a4T—a4C
du Jw dw
t.=hy| —+— hy| — :
Xz 3<az+az>+ 2<ax+¢))
_, 9
mxy_gl ax
du Jdw
P=h, £+8_Z + hsC —hyT
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where
A I —B,T;
h=—5, h=—5 hi=-75 hy=—"5°
pei pei pei pei
bpci apci yoi
hs = 5 hs =5 na 1= 1
2 BB pey

4. INITIAL CONDITIONS

The above equations are solved subjected to initial
conditions

u=w=¢,=T=C=0, i=w=¢,=T=C=0, =0

5. BOUNDARY CONDITIONS

We assume that, on the boundary x = 0 the displacement u
of the body does not depends on x, hence we have

' (0,z,6) =0

and the medium is subjected to a rough and rigid founda-
tion enough to prevent the displacement w at any time and
any point of z, then, we have

w(0,z,1) =0
m,(0,z,1) =0
p=0

T =T,H(t)H(|z| —21)

where H() is the Heaviside unit step function, 7) is the
constant temperature applied on the boundary respectively.

6. FINITE ELEMENT FORMULATION

In this section, the governing equations of homogeneous
isotropic micropolar thermoelastic diffusion solid are sum-
marized, followed by the corresponding finite element
equations. In the finite element method, the displacement
components u, w, microrotation components ¢, tempera-
ture change 7 and mass concentration C are related to the
corresponding nodal values by

W= N, w=3Nuw(D). =3 Nb(1)
i=1 i=1 i=1

T=) NT(r), C=) NClr)
i=1 i=1

where m denotes the number of nodes per element, N, are
the shape functions. The eight node isoparametric, quadri-
lateral element is used for displacement, microrotation,
temperature and concentration calculations. The weighting
functions and the shape functions coincide, thus,

du=Y NJu,t),

i=1

Sw=3 N,dw,(r)
i=1
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o, = Z]Viad)yi(t)’ 8T =) N,8T (1)
i=1 i=1
6C = ZNzﬁCi(t)

i=1

It should be noted that appropriate boundary conditions
associated with the governing Egs. (15)—(19) must be
adopted in order to properly formulate a problem Bound-
ary conditions are either essential (or geometric) or natu-
ral (or traction) types. Essential conditions are prescribed
displacement components u, w, microrotation components
¢,, temperature change 7 and mass concentration C,
while, the natural boundary conditions are prescribed trac-
tions, heat flux, mass flux and couple stress which are
expressed as

tn—}—tn—T

XxX°'x

tn+tn—7

XZ°TXx

qxnx + qznz = q_’ nxnx + nznz = ﬁ’ mxynx = n_/l
where n,, n, and n, are direction cosines of the outward
unit normal vector at the boundary, 7., 7, are the given
tractions values, g is the given surface heat flux, 7 is the
given surface mass flux and mis the given couple traction
component. In the absence of body force, the governing
equations are multiplied by weighting functions and then
are integrate over the spatial domain () with the bound-
ary I'. Applying integration by parts and making use of the
divergence theorem reduce the order of the spatial deriva-
tives and allows for the application of the boundary condi-
tions. Thus, the finite element equations corresponding to
Eqgs. (15)-(19) can be obtained as

M 0 0 0
0 M, 0 0
0 0 0 My O ||
Mg Mg 0 Mg, Mg || T
0 0 0 0 Ms5]|ce

0 7| u
0

r0 0 0 R, RT[u
0 0 0 Ry R ||vw
i +l 0 0 0 0 o0 [|¢f (20)
Ry R, 0 Ry R || 7
Lo 0 0 Ry Ru1| Ce|
[Tk, K Ko Ko K[ ue]]
K3 K3 Ky Ky K w*

x|| Ky Ky Ki 0 0 || ¢
0 0 0 ki O ||7Te
LK, K, 0 K5, Kid| C*
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where the coefficients in above equation are given
below

My =M= M5, = | [N)[N]d©

M;:/Q[N] [%ﬂdﬂ sz_/Q[N]T[%} dQ

M= [ RINVINIAQ. M= [ agm[N][N]d

Mi;= [ a7 [N [N]dO

ON FON
RTZ‘:_/Q%[N]T[E:PQ’ RTS:_/Q%[N]T x a0

oN [ON
e __ T e __ T
Ry = /9“4[1\7] |:_6z:|dﬂ’ Rys= /““4[1\7] __8z_dQ
. IN . [ON ]
Ry Z/QaSTO[N]T[E} dq, R42:/an[N]T _g_ dQ

Ri= [ INVIN14Q, Ry = [ alNT[N]dQ
s[5 [5[5] [5]) e
i (2] (2]
i f e 5] [ el 5] [0

Kfz:/g [ax} [%}
[ Joo
Kf4=Kf5=—/Qa4 [aa_N}
Ka= o [az} HE
e 2T 2] 2]

JIN
K§3=—/ﬂa3[N]T[¥:|dQ

[
K13_

. . IN
Ky =Ky~ Qa4[N]T|:¥:| dQ

K§1=/Qa6[N] [aaﬂdn K;z——/ﬂa(,[N] [aaﬂdﬂ

ool [2] (2] [2) o
ool (2] [2) o
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s [2) (2] 2 [2][2] =
sl [2) (2] 2 [2][2) =
(2] 2]
oo (2] ()2 [2]

Symbolically, the discretized equations of the Eq. (20) can
be written as

e
K54—

Md + Rd + Kd = F*

where M, R, K and F' represents the mass, damping,
stiffness matrices and external force vector, respectively;
d=[uwd¢, TC]". On the other hand, the time deriva-
tives of the unknown variables have to be determined by
newmark time intergration method or other methods (see
Ref. [41]).

7. NUMERICAL RESULTS AND DISCUSSION

For numerical computations, the values of relevant param-
eters for micropolar thermoelastic diffusion with relaxation
times are taken as under micropolar elastic parameters:

A=94x10°Nm? u=40x10"Nm>
K=1.0x10"Nm™2, y=0.779x10°N
p=174x10°Kg m™*

Thermoelastic diffusion parameters:
C*=10Jkg ' deg™", K*=1.7x10*T m ' sec™" deg™’
a,=1.78x10° K™, a.,=1.98x10"* m® kg™
b=09x10° m® kg™ s72,

a=12x10"m

=298 K,

D=0.85x10"% kg s m™>
j=02%x10"" m?
7,=0.02s, 7°=0.01s

2 —2 K—

The variations of variation of compontents of displace-
ment, stresses, concentration, temperature and chemical

Dt —CT,2=02
N
~. ---1§,z=02
N e CT,z=03
Y

Fig. 1. Tangential displacement distribution.
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Fig. 2. Normal displacement distribution.

potential with distance x is shown graphially for L-S and
CT theory of thermoelasticity. The solid line, small dashed
line corresponds to CT theory for z =0.2 and z = 0.3,
whereas dashed line (Bold) and dashed line represents the
cases of L-S theory for z=0.2 and z =0.3.

It is noticed from Figure 1 that initially values of u
for L-S and CT at z = 0.3 are greater in magnitude as
compared to those observed at z =0.2 and as x increases,
values of u approaches towards origin.

Figure 2 shows the variation of w with distance x. It is
noticed that the values of w for L-S and CT theory shows
non-uniform pattern in first half of interval and further as
x increases value of w shows steady state about origin.

It is noticed from Figure 3, which is a plot of ¢, that
initially value of ¢, for L-S and CT theory at z =03
decreases with greater magnitude as compared to those
observed at z= 0.2 and as x increases, value of ¢, shows
small variations about zero value.

It is observed from Figure 4, which is a plot of C that
value of C decreases in the entire range and approaches
towards zero value.

It is observed from Figure 5 that values of 7 for both
L-S and CT theory of thermoelasticity decreases in first
half of interval and thereafter approaches to zero value.

From Figure 6, It is noticed that value of ¢, increases
in the entire range except in the range 0.1 < x < 0.3 where
decreasing trends are noticed.

Fig. 3. Microrotation distribution.
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002 1 1 1

Fig. 4. Mass concentration distribution.

It is observed from Figure 7, value of ¢, for
CT theory are greater in magnitude as compared
to those obtained for L-S theory at z = 0.3 and
z=0.2.

It is noticed form Figure 8, which is plot for 7_, that the
values of 7 at z = 0.3 for L-S and CT theory decreases
in the range 0.1 < x < 0.3 and increases in the rest of
interval. Whereas, value of 7., at z = 0.2 for both theories
increases in first half of interval and then it shows steady
state about zero value.

Figure 9 shows the variations of m,, with distance x.
It is noticed that values of m,, for L-S and CT theory
decreases initially, magnitude of values at of values at

1 T T T T T T T T T
—CT,z=02
(213N ---18,2=02
\\ ----- CT,z=03
o8- N it LS,z=03
o7 N\ 4
\
08 \ 4
\
o5 N B
N\
04} g
\\
03 -
\\
02 N 4
N
o1 \\ m
1 1 1 I\\\~ 1 1 1
0 02 04 08 08 1 12 14 18 18 2
X
Fig. 5. Temperature distribution.
| T T T T T T T T T
o e -
P
.
/’
20 / R
of / |
X
0 // b
2 /
/ \\ /
£ Ny~ i
/ / —CT,z-02
w7 ---18,2=02
2 oo CT,2=03
----- LS,z=03
120 1 1 1 1 1 1 1 1 T
0 02 04 06 08 1 12 14 18 18 2

Fig. 6. Normal stress ¢, distribution.
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—CT,z=02
12F ---18,z=02
------- CT,z=03
op e L§,z=03
\
g\t 4
\
8 \k :
\
X \
L1 R
X
2r A e
\
[ 3 P E—
/ -
rys v PR i
- P
N
4 1 1 1 1
0 02 04 0§ 08 1 12
X

Fig. 7. Tangential stress ¢, distribution.

z=0.3 are greater in comparison to those observed at
z=0.2 and after that till x = 0.3, values of m,, increases
and as increases, value of my, shows small variations about
zero value.

It is noticed that from Figure 10, that values of P
decreases in entire range for both theories of thermoelas-
ticity, magnitude of values for L-S theory are greater in
comparison to those observed for CT theory, which reveals
the impact of relaxation time.

Fig. 9. Couple stress distribution.
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™~ T T T T T T T T I
AN —CT,2=02
AN ---18,z=02
Q02 N w0 CT,2=03
\\ ----- LS,z=03
Q04| S g
\
A
008 - \\ =
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\
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Fig. 10. Chemical potential distribution.

8. CONCLUSION

A two dimensional problem in an homogenous isotropic
micropolar thermodiffusion elastic medium is studied in
the context of the Lord-Shulman theory of thermoelastic-
ity. The problem has been solved numerically by using
the finite element method. It is observed from the above
numerical discussion that near the point of application
of source the impact of both theories of thermoelastic-
ity has significant effect on all field quantities and as x
increases the values of various components so obtained,
tends to zero value in an oscillatory manner. It is also
noticed different values of z shows impact on components
so obtained.

References

1. A. C. Eringen, Theory of micropolar elasticity, Fractuce, edited by
H. Lieboneitz, Acamdemic Press, New York (1968), Vol. V.

2. A. C. Eringen, Foundations of micropolar thermoelasitcity, Interna-
tional Centre for Mechanical Science, Course and Lectures, Springer,
Berlin (1970), No. 23.

3. W. Nowacki, Theory of Asymmetric elasticity, Pergamon, Oxford
(1986).

4. T. R. Touchert and W. D. Claus Jr, and T. Ariman, Int. J. Eng. Sci.
6, 37 (1968).

5. D. S. Chandersekharaiah, Int. J. Eng. Sci. 24, 1389 (1986).

6. E. Boschi and D. Iesan, Meccanica 7, 154 (1973).

7. W. Nowacki, Bull. Acad. Pol. Sci. Ser. Sci., Tech. 22, 55 (1974a).

8. W. Nowacki, Bull. Acad. Pol. Sci. Ser. Sci., Tech. 22, 129 (1974b).

9. W. Nowacki, Bull. Acad. Pol. Sci. Ser. Sci., Tech. 22, 257 (1974c).

10. W. Nowacki, Engg. Frac. Mech. 8, 261 (1976).

J. Comput. Theor. Nanosci. 12, 1-7, 2015

11

12

13.
14.
15.
16.
17.

18.
19.

Interaction Due to Thermal Source in Micropolar Thermoelastic Diffusion Medium

. J. A. Gawinecki and A. Szymaniec, PAMM Proc. Appl. Math. Mech.
1, 446 (2002).

. H. H. Sherief, H. Saleh, and F. Hamza, Int. J. Engg. Sci. 42, 591

(2004).

H. H. Sherief and H. Saleh, Int. J. Solid and Structures 42, 4484

(2005).

R. Kumar, S. Kaushal, and A. Milani, Int. J. Applied Mechanics and

Engineering 15, 63 (2010).

R. Kumar, S. Kaushal, and A. Milani, Int. J. Computational Methods

in Engineering Science and Mechanics 11, 1 (2010).

A. Miglani and S. Kaushal, Romai 7, 125 (2011).

M. 1. Othman and 1. A. Abbas, Meccanica 46, 413 (2011).

1. A. Abbas, Int. J. Thermophys. 33, 567 (2012).

I. A. Abbas, R. Kumar, and V. Chawla, Chin. Phys. B 21, 84601

(2012).

20. P. K. Bose, N. Paitya, S. Bhattacharya, D. De, S. Saha, K. M.
Chatterjee, S. Pahari, and K. P. Ghatak, Quantum Matter 1, 89
(2012).

21. T. Ono, Y. Fujimoto, and S. Tsukamoto, Quantum Matter 1, 4
(2012).

22. V. Sajfert, P. Mali, N. Bednar, N. Pop, D. Popov, and B. Tosic,

23.
24.
25.
26.
27.

28.
29.
30.

Quantum Matter 1, 134 (2012)

A. Herman, Rev. Theor. Sci. 1, 3 (2013)

E. L. Pankratov and E. A. Bulaeva, Rev. Theor. Sci. 1, 58 (2013)
Q. Zhao, Rev. Theor. Sci. 1, 83 (2013)

H. W. Lord and Y. Shulman, J. Mech. Phys. Solid 15, 299 (1967).
I. A. Abbas and G. Palani, Applied Mathematics and Mechanics
31, 329 (2010).

I. A. Abbas and M. 1. Othman, Chin. Phys. B 21, 014601 (2012).
1. A. Abbas, Applied Mathematics Letters 26, 232 (2013).

1. A. Abbas, A. N. Abd-alla, and M. I. A. Othman, Int. J. Thermo-
phys. 32, 1071 (2011).

31. I. A. Abbas and A. M. Zenkour, J. Comput. Theor. Nanosci. 11, 1
(2014).

32. 1. A. Abbas and A. M. Zenkour, J. Comput. Theor. Nanosci. 11, 642
(2014).

33. 1. A. Abbas and R. Kunnar, J. Comput. Theor. Nanosci. 11, 185
(2014).

34. 1. A. Abbas, J. Comput. Theor. Nanosci. 11, 380 (2014).

35.
36.

37.
38.

39.

40.

41.

I. A. Abbas, J. Comput. Theor. Nanosci. 11, 987 (2014)

I. A. Abbas and A. M. Zenkour, J. Comput. Theor. Nanosci. 11, 331
(2014).

I. A. Abbas and H. M. Youssef, Meccanica 48, 331 (2013).

M. I. A. Othman and I. A. Abbas, Int. J. Thermophys. 33, 913
(2012).

R. Kumar, V. Gupta, and 1. A. Abbas, J. Comput. Theor. Nanosci.
10, 2520 (2013).

R. Kumar and I. A. Abbas, J. Comput. Theor. Nanosci. 10, 2241
(2013).

P. Wriggers, Nonlinear Finite Element Methods, Springer, Berlin
(2008).

Received: 17 April 2014. Accepted: 14 May 2014.

3710114V HOHV3S3H



