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Abstract:

This paper presents a study for the influence of magnetohydrodynamic (MHD)
on the oscillating flows of fractional Burgers’ fluid. The fractional calculus approach
in the constitutive relationship model is introduced and a fractional Burgers’ model is
built. The exact solution of the oscillating motions of a fractional Burgers’ fluid due
to cosine and sine oscillations of an infinite flat plate are established with the help of
integral transforms (Fourier sine and Laplace transforms). The expressions for the
velocity field and the resulting shear stress that have been obtained, presented under
integral and series form in terms of the generalized Mittag-Leffler function, satisfy all
imposed initial and boundary conditions. Finally, the obtained solutions are
graphically analyzed for variations of interesting flow parameters. While the
MATHEMATICA package is used to draw the figures velocity components in the
plane.

Key words: Oscillating Motion, Burgers’ Fluid, Fractional Model in Burgers'
Fluid

Introduction:

The interest for flow of non- viscoelastic behavior[3]. In general, the
Newtonian fluids has considerably constitutive equations for generalized
grown in recent years because of the non-Newtonian fluids are modified
advance in technological applications. from the well known fluid model by
However, it is difficult to suggest a replacing the time derivative of an
single model which exhibits all integer order with the so-called
properties of non-Newtonian fluids as Riemann-Lioville fractional calculus
it done for Newtonian fluids. For this operator[4]. A very good fit of
reason, a number of constitutive experimental data is achieved when the
equations have been proposed. Among constitutive equation with fractional
them the models of differential type derivative is used [5]. Recently, the
and those of rate type have received Burgers' fluid models which form a
much attention[1], [2]. A subclass of the viscoelastic type have
thermodynamic framework has been given attention. Khan [6] Studied the
put into place to develop a rate type accelerated flows for a viscoelastic
model known as Burgers' model that is fluid governed by the fractional
used to describe the motion of earth's Burgers’ model. The velocity field of
mantle. This model is also used to the flow is described by a fractional
characterize  diverse  viscoelastic partial differential equation. Hyder [7]
materials, such as asphalt in discussed some unidirectional flows of
geomechanics and cheese in food a viscoelastic fluid between two
products. parallel plates with fractional Burgers'

Fractional derivatives have been fluid models. Khan [8] investigated
found to be quite flexible in describing some fractional Burgers' fluid models
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including oscillating flow. Liu [9]
researched for the MHD flow and heat
transfer of an  incompressible
generalized Burgers' fluid due to an
exponential accelerating plate with the
effect of radiation. The rest of the
paper is organized as follows. In
section 2 the governing equations are
introduced. In sections 3-5, we first
defined the problems and then present
their exact solution. Section 6 is
devoted to the results and discussion.
The paper ends with drawing the
figures of velocity component in the
plane.

Governing Equation
The equation governing the transient

flow of an incompressible fluid include

the continuity equation and the

momentum equation, in the absence of

body forces, are
V-V =0,
oV

@

+(V- V)V——(V M), )

Where pand Vv are respectlvely the

fluid density and velocity vector and
Vrepresents the gradient operator.
Cauchy stress tensor Tfor an
incompressible Burgers’ fluid is related
to the fluid motion by the following
constitutive equation [10]

T=-PI +5,
55 5°S
S+A—+4,—= A+)t— 3
% Fe = u( ) Q)

Where -PI denotes the indeterminate
spherical stress, S the extra stress

tensor, A=(VV)+(VV)" the first
Rivlin-Ericksen tensor, p the dynamic
viscosity of the fluid, 4, and A,(<4,)
the relaxation and retardation times,
respectively, A, a new material
constant of the Burgers’ fluid,
and%the upper convicted fractional

derivative defined by [11]
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In which OIiis the usual material
t

derivative.

We shall consider unsteady flows
wherein the velocity and stress field
are of the form

V=V(yt)=u(y,ti ,
S=S(y.1) (5)
Where i is the unit vector in the x-
coordinate direction of the Cartesian
coordinate system. For such flows the
constraint of incompressibility s
automatically satisfied.
Substituting Egs. (5) into Egs. (2)
and (3) and taking account the initial

conditions  g¢y 0y = S0 _ 5 we
ot

obtain the relevant equations

au_
P at

Aot d,

0S
P, Py ©6)
ox oy

2
0 s, a2, HM
& oy

(1+43+12i22)8xx—

(7)

0. auY
2S Y= 2u0| —| (8
wlht o oy ay s M{ay] ®)
Where S,, is a normal stress and S,

is the tangential stress which is
deferent from zero.

The relevant equation
corresponding to the same motions of a
fractional Burgers' fluid are obtained
from Eqgs. (7) and (8) by substituting
the time derivatives with fractional
derivatives, defined by [3]

o B d | f(7)
P l= ( p) dtd (= o)’
0<p<l ©)
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where T°(.) denotes the Gamma

function. Consequently, the relevant
equations of a fractional Burgers' fluid
are

@+ 47D +2;D7)S,, (y,1)

ou(y,t)
=u(l+AD/)—="= 10
ul+ ) & 10)

1+ 27D + AD?)S, —
1 t 2=t XX

28 [A + 45 Df*]a—u -2 u DSS,,
oy oy
2
ou
=24} (EJ 1)

Where « and pare the fractional
parameters suchthat 0<a < B <1.

Consider that the conducting fluid is
permeated by an imposed magnetic
field B, which acts in the positive y-
direction. In the low-magnetic
Reynolds number approximation, the
magnetic body force is representation
by oBZu. Then, the equation of motion

(6) yields the following scalar
equations:

oS
p%z—%+ Y _oBu (12

Eliminating S, from Egs. (10) and

(12) , lead the following governing

equation

@+ Df + 2:02) M = L (14 seDe + 2D
ot p

oP o’u

= HU@H D) S - ML+ 4D + 45D )u

a3

Where ,-# is the kinematics’
0
viscosity of the fluid and pq — @B .
0

In the next sections, Eq.(13) will be
solved analytically for some simple
oscillating flows.
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Flow Induced by a Rigid

Oscillating Plate

Let us consider an incompressible
fractional Burgers' fluid occupying the
space above the flat plate situated in (X,
z) plane. Initially the fluid as well as
the plate are at rest and for time t >0
the plate starts oscillated in its own
plane according to

V(0,t) =V cos(at)i or
V(0,t)=Vsin(wt)i; t>0 14)
Where o is the frequency and V the
amplitude of the velocity of the plate.
Due to the shear, the fluid is moved
gradually and has the velocity of the
form Eq.(5). The governing equation,
in the absence of a pressure gradient in
the flow direction is

a o a o au
L+ 2D + 43D} )E
o%u
y°
M(L+A°Df + A°D2)u  (15)

The associated boundary and initial
condition are

=u(l+ 2 D/)

u(0,t) =V cos(awt) or

u(,t)=Vsin(at); t>0 (16)
u(y,t) ,%—)0 as y —oo @7
and

u(y.0)= MO0 U0 o g g

ot ot’

In order to solve this problem, we
shall use the Fourier sine and Laplace
transforms. Consequently, multiplying
both sides of Eq.(15) by \Esin@y),

T
integrate the result with respect to y
from 0 to ooand taking into account
corresponding initial and boundary
conditions (16)-(18), we obtain [12]
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L+ 20Df + 22D ) 2 Sa(f't) _

v(l+45D/") (ch\/Z cos(at) - &*U, (5,1))
T

~ M@+ 27D +22DF) U, (E.1) 19)
@+ 2Dp + acpy Yslet)
ot
v(l+ADf) (&V \E sin(at) - &°U,(£,1))
T
~M@+ 47D +22DF) U, (&1) (20)

respectively, where the Fourier sine
transformU (&, t) of u(y,t) has to

satisfy the initial conditions

_0U(£0) 02U (50)
U,(£,0)= o =0;
E>0. (2D

To obtain exact analytic solution of
Egs.(19) and (20) corresponding to
initial conditions (21), we apply the
Laplace transform  principle  of
fractional derivative [3], and obtain

T - \f vEA+ALs?) S 2
(S+ A7+ 478%™ +0E +0E S + M + MAs “+ MA2* %) | 8% + 0*
0.(6s)= \/7 vEL+AsT) ® 23)
(S+ A+ 478%™ + & +vE s’ + M + MA s * + MA s %) | s* + @?
respectively, where U_(&,s) is the inverse Laplace transform method [3].
Laplace transform of U (&,t) with However, for _a more smtaple
presentation of final results, we rewrite
respect to t. _ Egs. (22) and (23) in the equivalent
In order to get U (&,t) and to avoid forms
lengthy calculations of residues and
contour integrals, we apply discrete the
U(é S)_\/Ev_l_ S+ﬂjasa+l+ﬂza52a+l+M+Mllasa+Mﬂ.22a52a b S (24)
S & (A ST ST 10 +0E A ST+ M+ MAT s+ MAT s%) | 8+
U(é: S)_\/Ev—l_ S_I_Aiasaﬁ_l_//i?ashﬂ_l_M+M21asa+M//i?2aSZa 7] ) (25)
o &l HA S+ A S0 08 A ST M AMAT ST+ MAT s | 87 + 6

respectively,

Now by using[13],

X

z+a

k

((A+b)* _z l(k—

and (25) can be expressed in the form
of double series as follows:

, Egs. (24)
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2V 5 e
PSS

(s+A7s“ M + 228%™ + M + MATs” + MAS“s%)

L

L il
1 1'(I—j).i:oi!(j—i)!%d!(i—d)!

: Z;z(—mﬂ—d—l) /1(2104) ifd M= (0E2)e mis?] Sz_fw
(Sa+l (U§2+M))m+l
A
D=2t o P S ey s s s
55 + 0’ T S mo o M(m-1)¥= i )|0"(J—|' = dl(i
aaa+l o a20+1 aaa 2a Za
(S+A4s“" +A7s +M+M/13 +M4; )/1“ (meisd) al) 7 M 9 (1 22) mis?] o
Sar+1 vEZ + M m+l 5 +CO
( . ( "+ M)
where and property [12],
S=m+2cd — J—cai + £d — od. L. kst et = 0 .
To find the inverse Laplace (L {(sz ¢C)k+1} UL (e,
transform of the last two equations we Y
need to introduce the generalized (Re(s)>|c| ") (29)

Mittag-Leffler function, given by:

k ES PL
EN@-LE,, @)=y
“ dz* S nIT(An+ AK + )

U, (& t)= \/7—cos( wt) —

i .

.Z i(J —l)';

X [t (a+l)m+(a-5)-1 E

(29)

mO

I! a(-m+i-d-1)

dii—dy!

(m)
(a+1),(a-5)

a ¢ (a+l)m-5-1 (m)
+ ﬂ' t E(a+l) -5 (_
A

a ¢ (a+l)m+(-a-05)-1 (m)
+ /1 t E(a+l) (~a-o) (_
1

(a+l)m+(a+1-6)-1 = (m)
+M1 E(a+l) (a+1-6) (_
1

a ¢ (a+1)m+(1-6)-1 (m)
+M /1 t E(a+1) (1-5) (_

(m)

a ¢+ (a+l)m+(1-a-6)-1
+ M 12 t E(a+1),(1—a—b‘)

1

EENCID)

1=0

—/Iia(ufz £ M)E“Y)]* cos(at)

According to Eg. (29) and the
convolution of two functions, the
inverse Laplace transform of Eqgs. (26)
and (27) has the form:

T
|l(m—|)lZ

i J1( =)
Zg(lfi) /lé}d M j-d (U§2)d

g M
ia(ugz +M)ta+1)
%(Uéjz + M)ta+l)
%(052 +M)ta+l)

ia(ufz + M)ta+1)

(30)
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1 ' I!
U, (&)= \f—sm( wt) - Z( )ZI,(m_l),JZ;,J,(, Y

m=0 1=0

Zl'(J—l)'dZ;d'(ll an AT A MY

1
% [t(a+1)m+(a—5) -1 E(((:‘ljl) (@-s) (_7(052 + M )ta+l)

; 1
+2’iz t(a+1)m—¢>—1 E((;Bl),ﬂs _E(USZ + M)ta+l)

(a+l)m+(-a-5)-1 = (m) 2 +1
+4, ¢ B, aes) (5 (Uég +M)t")

+ M t(a+1)m+(a+l 5)-1 E((;nzl) (1) A’l (Ué;z + M )ta+1)

1
1) 1-6)-1 2 1
+M ﬂft(oﬂr YM+(1-5) E((:+)1),(1—§) __a(Ug +M )t”‘+ )

a 4 (a+l)m+(1-a— m 1 a+ .
FMEEIm gD o 08 S MED]Fsin(at) (3D

Finally, inverting (30) and (31) by means of inverse Fourier transform and using
Eq. (28), it found that, the velocity distribution is given by:

u(y,t) =V cos(at) - V”sm(éy)z( D" le(m !
i il /,Lla(—eri—d—l) ;tgu_i) ﬂgd M i (ng)d

ZI: Zl:, J_|)|Zd|(|_d)|

,oJ'(I—J)'. Py

(n+ m)!(—E(Uéﬂ + M)z

(a+l)m+(a 5)-1 S
Z NI'((a@+On+ (@ +)m+ (a —9))

. (n+m)'(—/1—(u§ +M)zre)"
A Zn'F((a+1)n+(a+1)m+( ~5)

n=0

o (n+ m)!(—g(uf2 +M)zeH)n

+ /»La T(a+l)m+(—a—5)—l
2 ;n!F((a +Dn+(a+)m+(—a - 5))

0

(n+ m)!(—j;(ufz + M)z

+ (a+l)m+(a+l 5)-1
Z NTC((a+)n+ (e +)m+ (a +1-6))

n=0

L (IS +M)o™)’
a (a+1)m+(1 9)-1
+M AT anr((a+1)n+(a+1)m+(1 5))

n

(n+ m)!(—ﬂ—a(uﬁ2 + Mz

+ Mﬂ,a (a+1)m+(l-a-5)-1 N cos t_ d d
T nz:;‘n!r((a+1)n+(a+1)m+(1_a_5))] (o(t-7))drdé
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¢ = i(m-1)!
i I|

T
j | - a(-m+i-d-1) aa(l-i) Hpd g j-d 2yd
Xy e MR L T

j=0 i=0 d=0

u(y,t) = VSIn(a)t)—Ev]Ej‘Sin(fy)i( 1)m S 1

(n+ m)'(—ﬂ—(ug + M)z

(a+1)m+(a 5)-1 N
nZ:;‘ NT'((a@+On+ (@ +1)m+ (a = 5))

_(n+ m)!(_;(‘)gz + M)zt

a _(a+l)m-5-1
A nzzt;nll“((a +Dn+ (a +)m+(-95))

(n+ m)!(—/llf(z)é:2 +M)z*H)"

0

+ ﬂ’az_(a+l)m+(—a—§)—l
2 HZ:(; NC((@ +)n + (@ +Dm + (—a - 5))

; (n+m)'(—7(0<f +M)Ta+l)
(a+l)m+(a+1-5)-1
+Mz Z:(;nll"((a+1)n+(0!+1)m+(a+1 5))

(n+ m)!(——(z)é2 +M)o*H)"

+ M a (a+1)m+(1 5)-1 N
AT nZ:n'F((a+1)n+(a+1)m+(1 0))

(n+ m)!(—E(wf2 +Mzehn

a __(a+l)m+(l-a-6)-1 X . _
*MAT 2 (@Dt (@ s Dme A—a—gyon@t-Ddzds (@33

Calculation of Shear Stress
- - /} p -y
To obtain the expression for the S,/ (y,9)= @+ 4s")  oU(y,s) (34

/l adaa aaa
shear stress Sy (y.1) we first apply the L AS" + 45 2
Laplace transform to Eg. (10) and
using the initial condition

The solution of equation (34)
satisfying initial conditions

S(y,0) = —2~ =0, we obtain:
(v0) ot ' S(y,0) =% =0 ,is found (for both

cases) in the form;
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S, (y.0) = ——VﬂHCOS(éy)Z > )ZI,(m B

r=0 m=0

' r! I I! J J! I i! a(r-p-m+i-d-1) qa(p+l-i) 74 np j-d 2d
pzzf;p!(l‘—p)!jzz(;j!(l—j)!;i!(j—i)!dzzf;d!(i—d)!2ﬂl & A M)

(n+m)!(—jf(g” £ M)y

x[[T(mefﬂ)ilZ;t N ((@ +Dn + (a +Ym+ (o —7))

, (n+ m)'(—*(«f +M)z“)"

a _(a+l)m-n-
tAT ZO: 'F((a+1)n+(a+1)m+( )

(n+ m)!(_E@ +M)ze)"

©

+Aa,z_(a+l)m+(—a—7])—1
2 nZ:(:‘n!F((a +)n+(a+)m+(—a -7))

(n+m)!(—jf(§2 £ M)rety

+ (oc+l)m+(a+l 1) li
<N ((@¢+Yn+(@+Ym+(a+1-17))

a _(a+l)m+(l-n)-1 S (n + m)l(_i(fz +M )o"“l)”
+MA'T ;n!F((a+1)n+(a+1)m+(1_,7))

(n+ m)!(—}bla(g2 +M "

+ M /lgz_(aJrl)er(l—a—n)—li 1 ]
=nT((a+)n+(a+)m+L-a-17))

(n+m>!(—ja<r:2 £ M)y

0

+ﬂ,§ [T(a+1)m+(a—ﬂ—q)—lz
SnlT((a+)n+(a+Y)m+(a—L-17))

(n+m)!(—j;a(§2 £ M)z

0

a _(a+l)m+(-f-n)-1
Y AT 2 (@Dt @ Dms B

(n+ m)!(—jf(fz £ M)ty

+Aaz_(a+l)m+(—a—ﬂ—77)—l x
z ;‘n!F((a+1)n+(a+1)m+(—a—,6’—77))

(n+m)!(—ﬂlf(§2 £ M)rety

+ M T(a+l)m+(a+l—ﬂ—n)—l S
; nNC((@+Yn+ (e +)m+(a+1- S-1))

L (M= M)o ey
M ﬂfr(a+1)m+(1-ﬁ-n)-1z A
= nT((a+Yn+(a+Ym+1-L4-7))

(n+ m)!(—/i%(g82 + Mz

a__(a+l)m+(l-a-p-n)-1 x _
*MAz 2 (@D (@ Dme A—a— gyl eoset-ndrds (39
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S, (V1) = ——Vy”cos(éy)z Z( )mil.(m 1!

r=0 m=0 1=0

I r : | : alr-p-mi-0-1) Ja(peli) 2 N i-d () £2Yd
2 Y ) Do AN

o Pr—p)li=

d=0
0

(n+ m)!(——a((f + M)z
X[[T (a+l)m+(a-n)-1 Z /1‘1
= nT'((e+Yn+(a+)m+(a-n))

) (n+m)!(—jf(§2+M)r“)“

a __(a+l)m-n-1
tAT nZ:;‘n!F((a+l)n+(a+1)m+( )

(n+ m)'(—f(ff + M)y

0

+ /fta 2_(ar+l)m+(—az—r]) -1
2 Z::jn'l“((a+l)n+(a+1)m+( —a-1))

(n+ m)!(—ﬁ((f +M)ze)"

+ (a+l)m (a+1-n)-1 C
Z;‘ NC((@+)n+ (@ +)m+ (ax +1-7n))

L (M (€ M)o
+ M ﬂ/a T(a+1)m+(1—;7)—12 /1
' S nl((@+Dn+ (e +)m+1-7))

(n+ m)!(_jf(fz +Mze)"

+M ﬂ;zz_(aJrl)er(l—a—r])—lz : ]
=nT'((e+Yn+(e+Y)m+Q-a-n))

(n+m)!(—ja(§2 +M) 7oty

0

+ /153 [T(a+1)m+(a—ﬁ—n)—1z
=nr'((e+Yn+(@+Y)m+(a—-LF-n))

(n+m)!(—ﬂlf(§z £ M)z

0

+ ﬂaz_(a+l)m+(—ﬁ—77)—l
' ;nﬂ“((a +On+ (a+)m+ (- -1n))

) <n+m>!(—;<§2+M)r“)“

+ ﬂ; T(a+l)m+(—a—ﬂ—r7)—1 Z 1
=SnT((a+Yn+(a+Y)m+(—a—-F-17))

(n+m)!(—jf(§2 F M)y

+ M z_(a+l)m+(a+1—/j—n)—l S
HZ:(; NC((@+)n+ (e +)m+(a+1-F-n))

(n+m>!(—3(§2 £ M)oety"
NT (e +)n+ (a +Dm+ Q- 8-n))

+ M /11 T(a+1)m+(1 B-n)-1
2

i (n+m)!(—/1—a(§ +Mzeh)"

a _(a+l)m+(l-a—B-n)-1 1 i _
M7 ; NTC((e+Yn+(a+)m+Q—a-p —77))]] sin(w(t —r)dzde

where 77 = & + a(r + p).
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Two
of

The Flow Between
Parallel Plates, One

Which is Oscillating

Here we consider an
incompressible fractional
Burgers' fluid at rest between two
infinite parallel plates. At time
t=0 the lower plat at y=0 begins
oscillating while the upper plat at
y=d remains stationary. The
governing equation and the initial
condition are given by Egs. (15)
and (17) while the associated
boundary conditions are

u(0,t) =V cos(at) or
u(0,t)=Vsin(awt); t>0 (37
u(d,t)=0; t>0 (38)

In order to determine the analytic
solution, multiplying Eq. (15) by
sin(y,y) where y. =nrld,
integrating with respect to y from
0 to d and bearing in mind the
boundary condition (37) and (38),
we obtain

u(y,t):V(l—%)cos(a)t) Ly zs'”(yny)Z(

= pr=itg - its

j=0

©

U, (n.t
(L+ 2DF + 42 Dfa)—ssat(” )_

v+ D{) (y,V cos(et) - 7,’U,, (n,1))

“M(@L+A°Df + A2D2) U (n,1) (39)

oU._ (nt
(L+ 2°D# + 42 Dfa)—srat(” )

=0(L+ 2 D/) (7,V sin(at) - 7,°U . (n,1))

~M @+ ADf +22D)U, (n,1) (40)
respectively, where the finite Fourier
sine transformU _, (n,t) of u(y,t)
has to satisfy the conditions [13]
ou_(0) 8°U_(0)

U,(0)=—="-—-=—="—=0; 41

W (0= = (49

Further, solving the above
problems by means of Laplace

transform and adopting a similar
procedure as previously discussed, we
obtain the expressions for the velocity
field and shear stress in the form

D" Z|I(m—|)l

! I i j! i il a(-m+i-d-1) 4a(l-i) 44 pg j-d 2yd
Z. . Z s Z:C“(i_d)lﬁv1 & 13 M (U}/n)

(n+ m)'(—;T(UVn +M)ze)"

t
ICOS((O(t _ T) X[T (a+l)ym+(a—5)- IZ
0

= NC((@+)n+ (¢ +)m+ (a - 9))

L (n+ m)'(—/T(Wn +M)re)"

+ ﬂ’]o-zz_(owl)m—é lz

0

+ /Ilgz_(a+l)m+(fa75) lz

= n((a+Dn+ (a +1)m + (=9))

(n+ Im)'(—/T(Wn +M)z)"
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(n+ m)!(—ja(uyf £ M)zety
1

+ (a 1)m+(a+1l-5)-1 N
ZO“ NTC((e+Yn+ (¢ +)m+ (a +1-9))

. (n+ m)'(—*(07’n +M))!
a _(a+)m+(1-5)-1
+MA'z ;nlr((a+1)n+(a+l)m+(1 5))

B (n+m)!(—ia(u7/n2 +M )"
+M ﬂ’az_(a+1)m+(l—a—6)—lz j‘1
2

1dz (42
=nT((a+)n+(a+)m+1L—a-))
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Results and Discussion:

In the previous sections, we
have presented the analytical
solutions for two oscillatory flow
problems of a fractional Burgers'
fluid. In order to capture the
relevant physical effects of the
obtained results, several graphs
are depicted in this section. The
results illustrate the velocity
profiles for the flow induced by a
rigid  oscillating plate. We
interpret  these results  with
respect to the wvariations of
emerging parameters of interest.

In Fig.(1), the variation of the
velocity filed is plotted at
different times for a comparison
between fractional Burgers' fluid
(when a=.05 and pg=.2 ) and

ordinary Burgers' fluid (when
a = =1). From this figure, it can
be seen that the amplitude of the
fluid oscillation decays away
from the plate and approaches to
zero. A comparison shows that
the decay of the amplitude of
oscillation in case of fractional
Burgers' fluid is faster than
ordinary Burgers' fluid.

Figs.(2,3) are plotted to
illustrate the effect of parameters
A, and A,. We observed that they have

the same effect with exception that
they have different effect on the
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velocity value. Figs.(4,5)
demonstrate the influence of the
fractional parameters « and S on

the motion of the fluid when the
other parameters are fixed. small
values of «, lead to the more
slow velocity decays with the
flow. However, one can see that
an increase in the material
parameter g has  quite  the

opposite effect to that of «. Thus,
it is obvious that the velocity fields
are influenced by relaxation and
retardation times, and the others
of time fractional derivative.
Fig.(6) illustrates the variation
of the velocity field for different
values  of  the rheological
parameter A, of the Burgers'
fluid. It appears that the velocity
is a strong function of A,. As 4,

increases, the amplitude of the
fluid oscillation away from the
plate is also reduced and reducing
the velocity.

Fig.(7) shows the influence of
a magnetic field on the velocity
when the other parameters are
fixed. We can see that the
magnetic body force is favorable
to the velocity decays, and the
more value of M, the more
rapidly the velocity decays.
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Fig.(1) Velocity u(y,t) versus y for different value of t when the other

parameters are fixed.
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Fig.(2) Velocity u(y,t) versus y
for different value of A4, when
the other parameters are fixed.
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Fig.(4) Velocity u(y,t) versus
y for different value of g
when the other parameters are
fixed.
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Fig.(3) Velocity u(y,t) versus y
for different value of 2, when
the other parameters are fixed.

Fig.(5) Velocity u(y,t) versusy
for different value of 4 when
the other parameters are fixed.
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Fig.(6) Velocity u(y,t) versus y
for different value of 2, when
the other parameters are fixed.
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