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Abstract

This paper presents a research for magnetohydrodynamic (MHD) flow of an incompressible generalized
Burgers’ fluid including by an accelerating plate and flowing under the action of pressure gradient. Where the
no — slip assumption between the wall and the fluid is no longer valid. The fractional calculus approach is
introduced to establish the constitutive relationship of the generalized Burgers’ fluid. By using the discrete
Laplace transform of the sequential fractional derivatives, a closed form solutions for the velocity and shear
stress are obtained in terms of Fox H- function for the following two problems: (i) flow due to a constant
pressure gradient, and (ii) flow due to due to a sinusoidal pressure gradient. The solutions for no — slip condition
and no magnetic field, can be derived as special cases of our solutions. Furthermore, the effects of various
parameters on the velocity distribution characteristics are analyzed and discussed in detail. Comparison between
the two cases is also made.

Keywords: Generalized Burgers’ fluid, Constant pressure gradient, Sinusoidal pressure gradient, Fox H-
function.

I. Introduction

In recent years, the flow of non- Newton fluid has received much attention for their increasing industrial
and technological applications, such as extrusion of polymer fluids, exotic lubricants, colloidal and suspension
solutions food stuffs and many others. Because of the complicated behavior, there is no model which can alone
describe the behavior of all non- Newtonian fluids. For this reason, several constitutive equations for all non-
Newtonian fluid models have been proposed. Among them, rate type models have special importance and many
researchers are using equations of motion of Maxwell and Oldroyd fluid flow [5, 9, 13, 16, 17]. Recently, a
thermodynamic framework has been put into place to develop a rate type model known as Burgers’ model [8]
which is used to describe the motion of the earth’s mantle. The Burgers’ model is the preferred model to
describe the response of asphalt and asphalt concrete [5]. Many applications of this type of fluid can be found in
[3, 6, 11, 14, 15, 18]. Fluids exhibiting boundary slip are important in technological applications, such as the
polishing of artificial heart values, polymer melts often exhibit macroscopic wall slip that in general is governed
by a non- linear and non- monotone relation between the slip velocity and the traction [4]. Ebaid [1] and Ali [10]
studied the effect of magnetic field and slip condition on peristaltic transform. Khaleda [2] gives the exact
solution for the slip effect on Stokes and Couette flows due to an oscillating wall. Liancun eta. [19] investigated
effect of slip condition on MHD flow of a generalized Oldroyd- B fluid with fractional derivative. They used the
fractional approach to write down the constitutive equations for a viscoelastic fluid. A closed form of the
velocity distribution and shear stress are obtained in terms of Fox H- function by using the discrete Laplace
transform of the sequential fractional derivative.

No attempt has been made regarding the exact solutions for flows due to constant and sinusoidal pressure
gradient of generalized Burgers’ fluid with fractional derivative and the non- slip condition is no longer valid.
The exact solutions for velocity field and shear stress are obtained by using discrete Laplace transform and they
are written in term of Fox H- function. Many cases are recovered from our solutions.

I1. Governing Equations
The constitutive equations for an incompressible fractional Burger’s fluid given by

T=—pl+S,  (1+A°D{ +A“D?*)S = u(1+ A4D)A Q)
where T denoted the cauchy stress, —pl is the indeterminate spherical stress, Sis the extra stress tensor,
A=L+L" is the first Rivlin- Ericksen tensor with the velocity gradient where L =grad V, x is the dynamic

viscosity of the fluid, 4, and A4, (<A4,) are the relaxation and retardation times, respectively, 4, is the new
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material parameter of Burger’s fluid, « and g the fractional calculus parameters such that 0<a < <1 and
BF the upper convected fractional derivative define by
DS = DS +(V.V)S— LS —SLT @)
D/A=D/A+(V.V)A-LA-AL" ©)
in which D and D/ are the fractional differentiation operators of order « and £ based on the Riemann-
Liouville definition, defined as
dp f(c
DL (O] = )
F(l 9)] dt o (t—1)
here T'(.) denotes the Gamma function and
DZ2’S = D/ (D/’S) ()
The model reduced to the generalized Oldroyd- B model when A, =0 and if, in addition to that, « = =1
the ordinary Oldroyd- B model will be obtained.
We consider the MHD flow of an incompressible generalized Burger’s fluid due to an infinite accelerating plate.
For unidirectional flow, we assume that the velocity field and shear stress of the form
V=u(y, )i ,S=S(y,1) (6)
where u is the velocity and i is the unit vector in the x- direction .Substituting equation (6) into (1) and taking
account of the initial condition

0<p<i1 (4)

S(y,00=0 , y>0 )
we obtain
(1+24'DY + ﬂé'Df")Sxy = u(1+ D)o u(y,t) 8)

where S,, =S, =S,,=S,,=0, S,,=S,,. Furthermore, it assumes that the conducting fluid is permeated by
an imposed magnetic field B =[0,B,,0] which acts in the positive y- direction. In the low- magnetic Reynolds

number approximation, the magnetic body force is represented as o B2u , where o is the electrical conductivity
of the fluid. Then in the present of a pressure gradient in the x- direction, the equation of motion yields the
following scalar equation:

p%z—% ayS.Xy - oBiu 9)
where p is the constant density of the fluid. Eliminating S, between Egs. (8) and (9), we obtain the following
fractional differential equation

(1 201 4 2D B =2 (0 4D+ 20E) P 4w DY) T - ML+ D + 2D (10
Y2,
o-B2
where v=% s the kinematic viscosity and M = 9 s the magnetic dimensionless number.
P Vo

I11. Flow induced by a constant pressure gradient:
Let us consider the flow problem of an incompressible generalized Burgers’ fluid over an infinite plate at
y >0 with fluid occupies the space y >0 and flowing under the action of a constant pressure gradient. Also,
we assumed the existence of slip boundary between the velocity of fluid at the wall u(0,t) and the speed of the
wall, the relative velocity between u(0,t) and the wall is assumed to be proportional to the shear rate at wall.
Initially, the system is at rest and at time t=0" the fluid is suddenly set in motion due to a constant pressure

gradient and by the existence of the slip boundary condition. Referring to Eq. (10), the corresponding fractional
partial differential equation that described such flow takes the form

(1+A4'Dy +@Dfa)%:_p{l+ﬂf r(;_aa) % 1"(1t—(1205)J+

1)
v(l+ ﬂ,fDﬂ)—— M(1+ A“D¢ + 22D )u
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where A= i% is the constant pressure gradient

The associatid initial and boundary conditions are as follow

u(y,0)=§u(y,0)=0 ,y>0 (12)

u(O,t)zatb+0@ >0 (13)
oy

u(y,t),%u(y,t)—m asy—wo ,t>0 (14)

whereaandb are constants, & is the slip strength or slip coefficient. If & = 0then the general assumed no-slip
boundary condition is obtained. If & is finite, fluid slip occurs at the wall but its effect depends upon the length
scale of the flow.

Employing the non- dimensionless quantities

a

1 2 2
by 2b+1 by 241 by 2b+1
* u * av * av t * av
ro U @Dy @) @)
(avb)2b+l v v v
2 \* 2\ 2
by 2b+1 by 2b+1 by 2b+1
* v - v - Mv - v
- a) @) Do @0 BN Vi R
\" \' —_— \'
(aVb)Zb*l

Egs. (11- 14) in dimensionless form are:

ou t t 2
1+ 1°D% + 12D?*) = = —A| 1+ 1¢ + 24 +
(1+ 4Dy +4; t)at [ ﬂim_a) /121“(1—20:)]

) (15)

1+ Agof)%— M(1+ 22D¢ + 22D )u
u(y,0) =§U(y,0) =0 ,y>0 (16)
u(O,t)=tb+0%u >0 (17)
u(y,t),%u(y,t)—w asy—ow ,t>0 (18)

where the dimensionless mark ““ * * has been omitted for simplicity.
Now applying Laplace transform principle [7] to Eg. (15) and taking into account the boundary condition (16),
we find that

2 aga aqa
du (s+M)(L+A's" +A7s )U=%(1+/1fs“ 5% (19)

dy? @+ As”)
Subject to boundary conditions
1(0,5) =L@, p0U (20)
S dy )0
u(y,s) ,%(y,s)—m as y —»>w (21)

where U(y,s) isthe image function of u(y,t)and s is a transform parameter. Solving Egs. (19)- (21), we get
—Ccy —Ccy
_ 'b+1) e . A e A (22)

u(y,s) 1 (L+ch)  s(s+M)(@+chd) s(s+M)
here o :((s T+ M)(L+ A% MZ'SZ")J2
L+ 25s7)
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The shear stress can be calculated from Eq. (8), taking Laplace transform of Eqg. (8) and introducing Eq. (22),
we get

B A+ 205"+ 2252) [ 2 e (I(b+1) A
7y.s) = (s+M){ ) } (1+C9)( o +S(S+M)J (23)
SXV

where 7(y,s) is the Laplace transform of z(y,t) = 5

plav’)™
In order to avoid the burdensome calculations of residues and contour integrals, we will apply the discrete
inverse Laplace transform to get the velocity and the shear stress fields. Now, writing Eq. (22) in series form as

a k o m ayp s
U(y,S)—F(le) r(b+1)kzl:( 0)~ (’11 Z( Z( /11 ) 3 (A5)°m! Z( A7)

- L pi(m - p)lis
1 m S )
F( %JF[ %] [fj K -+t rams o M{ﬂ j ( ) ( )
m— n+k+J
i(— ’a)”“i (Ii:n)”m'lz( /1n|ﬂ)
o o= PI(m—p)le= ! k[ j( )F(k j

o Mlm ﬂzmm lap|°° i
ZO|)Z( )Z )mZ(M)

m=0 p= '(m p)' i=0

+r(b+1)z( )k Z( y!) (

1

k%(/i—a—l)+l+am+ﬁn—2ap+b+l

+AZ( 0)* (

S

k k k
>y r{ _zjr(m_zjr(“zj
1_,[_ ;jl_,[_ ;jr(;jsl;(ﬁal)+l+arn+ﬂn2ap+i+2

oy T(1= 553 (=¥ 1)
M) S AT ()" 4 2 2
2 & m ép'(m iz )nZ r[_mjr(_kﬂ'j (24)

k+j

+AZ( 0)* Z( j’!) &y 2

2 2

1—‘( Kk + J )ST(ﬁ—a—1)+l+m+m—2ap+i+2
2
Applying the discrete inverse Laplace transform to Eq. (24), we get

0 C 5 15+I+am_2 +
u(y,t) =t +1“(b+1)2( 0) ( Z( 'Y') z( " z ()P mt oo} ot

o= PI(m—p)!
4/ F(' _;Hm_;ﬁ”g
Z
k!

—;jr(—kjr(kjr(k (B-a-D)+l+am-20p+ fn +b+lj

2)\2

0

o ) o [ /10: k+J M (ﬂl—a)m m (ﬂ“)pml (ﬁ a_l)%+|+am_2 +b
+r(b+1)§(_9) ;( Jyl) ;( ) z pZ: p|(m p)| "

oi- o K0 Kt
e il k“)( <)
Z(Jt)r[ 2 2

—k;jjl"(—k;jJF[kJrlj (k+J(ﬂ a-)+l+am-— 2ap+,8n+b+1]

N

2
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//La ; © ( M)I © (—ﬂ{a)m m © (B—a- 1) +l+am—2ap+i+l
+AZ( 0 (= 3) ; I mZO a pu(m p)l;( M)" t
i(—ﬂgﬂt”)” ( jr(m——j ( ) +
n=0 n! r _E In _5 In 5 In f(ﬁ_a—1)+l+am—2a +/n+i+2
5 > 1015 p (25)
a k+j o a ayp © - 17+I+am 2op+i+l
AZ(B)Z(y)(il)ZZ(M)Z(ﬂ_)Z(l)mz(—)t(ﬂ )

om0 PI(m—p)l{
g r[l—ik“jr[m—imer[mikﬂj
Z( A7 17) 2 2 2
F(—k+])r(—k+1jl"(k+JJl"(k+J(ﬂ—a—l)+|+am—2ap+ﬂn+i+2)
2 2 2 2
In terms of Fox H- function, Eq. (25) takes the simpler from:

u(y,t)=t" +F(b+1)Z( 0)* (’V Z( M) Z( l“’) zm: p(ll(;)”rs;l (g hram-2ap

t 5 -l +E,0), (1—m+5,0), (1—?1)
131 &
35 B

3 10, (1+5,0), (1+5,0),(1—g,0), ((a—ﬁ'+l)g—l —am+2ap-b, )

o ] /fia k+J

+F(b+1)i( 0) Z i

j=1

( M) ( ﬂ ) (ﬂg)pm' (ﬁ—a—l)%+l+mn—2ap+b
; ! z m! ;p!(m—p)!t

(lfl+m,0),(1—m+m,0),(LM,D ; )
e i )
35 17| +AZ( 0) Cr ) Z Z
3 0202000020, (-0 1-ami20p-0,) k=1 EEE
k k k
1-1+—,0),(1-m+—,0),(1-—,1
. (//La)p = i (ﬂ ﬂtfl)g+l+am—2ap+i+l 13 tﬂ ¢ "2 )€ ™5 )6 2 )
Z 5 p(m- p)'z( Has 2 K k K K i
" 3 100,2+,001+.0) (15 .0). (e~ f+D) - ~am+ 2ap-i-1 )
k+] © —a m o
( ﬂa ( M) ( ﬂ, ) (ﬂ, ) m! . (,B a l) +I+am 2ap+i+l
(-6)" (M)’
ko ,Z_l“ j! Aﬂ g‘ ] z ml z pl(m— p)|z
35| 271 (26)

3 1(0,0), (1+k+J 0), (1+k*J 0), (Lﬂ 0),((ar— ,H+l)——| am+2ap—i-1,5)

where the property of the Fox H- function is
P
' Ir@; +An)
Z j=1 — HP [ |(1 a, A (l-ap,Ay)
g P.a+LL71(0,0),(1-by,By), -+ (1-bg,By)

" ni] [T(b; +B;n)
j=1

The solution Eqg. (26) should satisfy the boundary condition Eq. (17). To see this, from Eq. (26) it is easy to
obtain
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m

i (A3)Pmi I(ﬁ—a—l)§+l+am—2ap+b

I o
u(o,t) =t° +1“(b+1)2( 0)" ( ) Z( M) Z( 21 ) I
1=0 m=0 p= (m p)l

s t/), (1—I+E,O),(1—m+5,0),(1—5,1) |
H 3’ 5

7

PAS 0 )Z( M) 5S4

(0,1), (1+ ,0), (1+ ,0), (1—7 0),(a— ﬂ+l)7—l am+2ap-b,f3)

v (1- |+ ,0),(1— m+ 0)(1”1)

Zm: (A2)°m i( M)' (g K lvam- 2apeisd

I I
om0 PI(m— p) i-0 v 0.1, (1+ 0), (1+ 0). (177 0).(a— ﬁ+1)ﬂ| —am+2ap-i-1,5)
and
au(y t) a k+l o ( M)I 0 ( ﬂ{a)m m (la)pm| (/] « l) +I+am 2ap+b
— -T(b+1 0 2
o Y I R
=0 m=0 p=0
y
w a- |+ﬂ0)(1 m+ﬂ0)(1 k*l 1) p 1 )I -
H3s| —7 +AY (-0)* ( e 3 A
% (0.1), (1+ L o), (1+ L 0. 0),((a ﬂ+l)——| am+2ap—b, ) k=1 1=0 ''=oom
k+1
m (ﬂa) p 0 : (ﬁ—a—l)%+|+am—2ap+i+1 " tﬂ (1- |+— 0), (1—m+— 0), (1—— 1)
Z p!(m— )|Z( M)t Has| 771
p=0 P)* i A3 (0.1), (1+ L o). (1+ o) Eo) (a- ﬁ+1)——| —am+2ap-i-1,3)
then
au(y t) a kil o ( M) ( 2'1 )m il (ﬂa)pm| (ﬂ a—l)ﬂ+l+am—2ap+b
— s -T'(b+1 0 2 2
( )Z()()Z z RO
y=0 k=0 1= p=0 p
P |+ﬂ0)(1 m+ﬂ0)(17ﬂ1) a T M) . 21 o
13
Has| 7] +AZ( ) ( L) 2 Z Z
3 (0,2), (1+ L o1+ E0) (1 L o) ((a- ,3+1)—7| om+2ap-| bﬂ) k=1 I= !

= |+@0)(1 LS 0)(1 @1)

0

S (la)p (p-a l) KL am-2ap-ist 13 t?
> (-M)' t HY | —
p=0 p'(m p)l i=0 '

35| LB
ﬂ? (0,1), (1+ O) (1 O) (1 0) (a— ,B+1)E—I —am+2ap-i-1,53)

ie. u(0t) =t° + M)
oy

Adopting the similar procedure in Eq. (23), we obtain the shear stress:

k+j—1 -a ay\p
_ (y)! A - M) (CA°)™ & ()P m!
_—F(b+l)Z( )" Z—I(_) z z m! z I(m—p)!
k=0 : ! m 5P P):
K+ +J -1 k+j -1
. 1-1 o). 0),(1-
(ﬁ_a_l)k+1*1+|+mn_2ap+b_1 y o -1+ ), (1-m+———=,0),( 1)
t 2 3',5 ﬂ
5 {o1.0s I 0 @2 0,0 0 (e e 20-11.)

a k+]lOO

z : (_) Z( M)' Z( )" Z (42)"m! i(_M)i 27)

8
8

:o =0 : mt o5 pH(m - p)=
K+ j+1 k+j-1 k+j-1
. 1-1+ ,0),(1-m+ ,0), (1 1
(f-a-1) k+2171+|+o:m—2ap+i . ( ),(1-m 2 )i ( 2 )
t 3;,5 ﬂ,ﬁ
3 |(0.), (1+k+2”l o), (1+k+2J o k” K4 o) (=g I ome2ap-i, )
Special Cases:
1- If @ =0 then the no- slip condition is obtained. In this special case Egs. (26) and (27) are simplified

to
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(-y)’ (M)’ & ( AN (A9)Pml (el iiam-2api
u(y,t)=t* +'(b+1) ( ) t >
121: I Z ! m m! ;p!(m—p)!
5 (l—l+%,0),(l—m+5,0),(1—5,1)
i o

(0,1),(1+%,0),(1+%,0),(1—%,0),((a—/)’+1)%—l—am+2ap—b 5)

Y)(“)i(v)z(ﬂi)

P (1—I+—,0).(1—m+i,0),(1—i,l)

M (ﬂf’) m! ﬂ a 1) I it om- 2apHiHl g g
(-M H;
pz p!(m - |0)'Z

3,5 jé}
(0,1), (1+ 0), (1+ ,0), (14 0),((ar—, ﬂ+1)ﬁ| om+2ap—i-1,)

)’ “’“(M'”(ﬂ;‘*)m"‘ (7)"m!
=-T'(b+1 2
7(y.1) r(+); J!( DI Z 2 pim = p)!

: 11 —0 1m0, @4 l1
(,B—a—l)JT_l+l+mn—2ap+b—1 13 tﬂ( N M m M )

t 35
P

0,2), (1+E,0),(1+ﬂ,0),(1—%,0), ((a—ﬂ+1)%—l—arﬂ+2ap—b+l,/})

J M o (4)PmE &
Jz(;(y')( Iz( -)z(/ﬁ.)z( )mz(

pl(m - p)i=
i +]—+1 m+l J -1
(e hetam et | 1P a1 oy am I 00y
t 2 35 ﬁf _ _ ' '
(0,1),(1+]T+l,0),(l+174,0),(l—JT&,O),((a—ﬂ+l)174—l—am+2ap—i,ﬂ)
2- If 80 and M =0 then Egs. (26) and (27) reduce to
AL K A7) 29" Ml 1(B-a-X ram-2ap+b

uy,t) =t° +F(b+1)Z( 0)* ( Z( Z (;)m! 2T

m=0 m! p=0 pl(m_ p)'

(1—m+E,0),(1—E,l)

B w J ﬂa k+J

+F(b+1)i( o) Z i

j=1

(0,1),(1+%,0), (1—%,0),((a—ﬂ+1)§—rzm+2ap—b,ﬂ)

k+j k+j
1-m+—=,0),(1-—=1
( 2 )i ( 2 )

© —a\m ay\p k+]j
Z( /11 ) i (A ) ml (a2t 12 t?
, B . . .
3 (0,1),(1+kL2],0),(l—%,O),((a—ﬂ+1)%—am+2ap—b,ﬂ)

—-a

/111 = ( ﬂ’l )m W (ﬂ,a) P m! (ﬂ a—1)5+am—2ap+1
A> (-6 2
+ Z( ) ( ) Z pz: ol p)l

Y, (1—m+5,0),(1—?1) » _

12t S 00 1/10(7] 1
e o a3 o 3OS TS A

3 1), (1+ 0), (1-7 0),((a- ﬁ+1)7—am+2ap—1 ) k=0 i=1 : m=

(1—m+— 0),(1- ﬂ 1

i (la)p m! (ﬂ a—l)%Jrorm—Zaerl 12 tﬁ

2,4
I L A8 . . _
v=o P{(m—p)! A3 (0,1),(1+kL2],0),(l—%,0),((a—ﬂ+l)%—am+2ap—l,ﬂ)
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(.0 =TO+DY (0 > 0 Jy_) Gy i( S Gy

k+j1 k+]l

B (-m+———=,0),(1— ,1)
t(ﬂ a 1) +am 2ap+b-1 12 t

2,4
g

—AZ( 0)* Z( Jy!) &

k+j—1 k+j—1

(0,2),(1+ ,0),(1— ,0),((a—ﬂ+1)%—am+2ap—b+l,ﬂ)

a k+Jloo

m A{apl
Z(ﬂi-)z;( )Pm

o p!(m — p)!

k k+j—1
i1 g (@m0, 0K
+am-2ap 4 5 t

2,4 L5 |
Z3

which correspond to the flow of a generahzed Burgers’ magnetic field effect.

(p-a-pI2
t

(0’1)1(“k+j—1 k+] -1 k+] -1
2

10),(1

:0).((a=p+1) m+2ap. )

3- Making 4, >0 and A—0in Egs. (26) and (27) the solutions corresponds to slip effects of a

generalized Oldroyd- B fluid in absence of pressure gradient can be recovered, as found by Zheng ... etc in
[19].

4- If weset L, >0 , =0 and M=0 in Egs. (26) and (27) the similar solutions for generalized
Oldroyd- B fluid are recovered, as found by Hyder ... etc in [12].

IV. Flow due to a sinusoidal pressure gradient:
Let us consider the flow problem of generalized Burgers’ fluid bounded by an infinite plane wall at y =0,

under the action of sinusoidal pressure gradient with the same initial and boundary conditions, Egs. (16- 18).
In this case the governing equation can be written as

[24 o a a 6u a a o o azu
(1+A'D{ + A5D; )E=—Po(1+/ﬁ Df + ;D¢ )COS(\M)+(1+/1§D{})W (28)
~M(1+ AD¢ + A2D*)u

where gp dp

—=pp, cos(vvt):>id—= p, cos(wt) and p, is constant. The associated initial and boundary
X p dx

condition are as given in Egs. (16- 18).
Again, by similar procedure as in the previous case the velocity field is found in the form of

“ 2)P 7a—15+l+am—2a+
u(y,t) =t° +r(b+1)2( 0)" ( 1) Z( "f') Z( 21 ) Z;i;)_r;;!t'w 5 peb

i tﬂ (1—I+5,0),(1—m+5,0),(1—5,1)
H g
3,5

3

+r(b+1)2( o) Z( ) (ﬁ) 2

(0.1), (l+§,0),(1+§,0), (1—%,0), ((a—ﬁ+l)§—l —am+2ap—-b, 3) !
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and, by using Eq. (8), the corresponding stress is found in the form of
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Special Cases:
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2- If &+0 and M =0 then Eqgs. (29) and (30) reduce to
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which correspond to the flow of a generalized Burgers’ magnetic field effect.

V. Numerical results and discussion:

In this work, we have discussed the MHD flow of generalized Burger’s fluid due to accelerating plate with
slip effects. The exact solutions for the velocity field U and the stress 7 in terms of the Fox H-function are
obtained by using the discrete Laplace transform. Moreover, some figures are plotted to show the behavior of
various parameters involved in the expressions of velocity U .

A comparison between non- slip effect (Panel a) and slip effect (Panel b) is also made graphically. Figs. 1-
7 are prepared for flow due to constant pressure gradient where as Figs. 8- 14 for flow due to sinusoidal pressure
gradient.

Fig. 1 shows the variation of the non- integer fractional parameter « and the slip coefficient @. The velocity
is increasing with the increase of « and 6.

Fig. 2 is depicted to show the changes of the velocity with fractional parameter . In the case of non- slip
condition is fullfield, the influence of £ is same as that of « . However, it is observed that as & increasing
there is a variation in velocity value a bout some value of £ which is greater than 0.4.

Figs. 3 and 4 provide the graphically illustrations for the effects of relaxation and retardation parameters /4, and
A, on the velocity fields. The velocity is increasing with the increased the 4, and A, for both cases, the slip and
no- slip condition.

The effect of A, is illustrated in Fig. 5 which shows that 1, has quite the opposite effect to that of 4, and
A, for both cases (=0& 6+0).

Fig. 6 demonstrates the influence of the magnetic field M. It is noticed for both cases §=0& & =0, when
M < 2 there is increasing in the velocity field, however when M > 2 show an opposite effect on the velocity.

In Fig. 7, the variations of the slip coefficient & on velocity with the magnetic field parameter. The velocity is
decreasing with increase of the magnetic parameter.
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Figs. 8- 14 provide the graphically illustrations for the velocity for flow due to sinusoidal pressure gradient.
Qualitatively, the observations for sinusoidal pressure gradient flow are similar to that of constant pressure
gradient flow. However, the velocity profile in flow of constant and sinusoidal pressure gradient are not similar
quantitatively.
Fig. 15 demonstrate the velocity changes with time at given points (y=1 and y=2) for Panel (a) =0 and
Panel (b) @=0.5for two types of flows. Comparison shows that the velocity profile in sinusoidal pressure
gradient flow are larger when compared to those of constant pressure gradient flow. The effects of the slip
coefficient and magnetic field are the similar on the both flows.
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