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Abstract

The aim of this paper is studied the effect of magnetic field on the unsteady rotating flow of a generalized
Maxwell fluid with fractional derivative between two infinite straight circular cylinder .The velocity field and
the shear stress are obtained by means of discrete Laplace transform and finite Hankel transform. The exact
solution for the velocity field and the shear stress that have been obtained by integral and series form in terms of
the generalized G functions and Mitting —leffer function .the graphs are plotted to show the effects of the
fractional parameter on the fluid dynamic characteristics with MHD on the velocity and shear stress.

1.Introduction

The modeling of the equations governing the non-Newtonian fluids give rise to be a nonlinear differential
equation .Such nonlinear fluids are now consider to play a more important and appropriate role in technological
application in comparison with Newtonian fluids . The application of non-Newtonian fluid in engineering
problems such as magnetohydrodtnamical(MHD ) and have now become the focus of extension study for
example plastics ,polymer fluids ,exotic lubricant ,food stuffs and polymers are handled extensively by chemical
industries where us biological and the rheological properties of many materials are described by there
constitutive equation .

In the recent years, the fractional derivatives are found to be quite flexible in describing the behaviors
viscotastic fluid and are studied by many mathematicians considering various motion of such fluids .In their
studies ,the constrictive equation for generalized non-Newtonian fluids are modified from well known fluid
models by replacing the time derivative of an integer order by precisely non-integer order integrals or
derivatives. The fractional derivative models of the viscoelastic fluids are obtained by researchers especially in
the problems of the motion of a fluid in rotating or translating cylinder is of interest to both theoretical and
practical domains . The first exact solution for flows of non-Newtonian fluids in cylindrical problems are those
of Ting[22],for second grade fluids, Srivastava [20] for Maxwell fluids and Waters and King [19] for Oldroyd —
B fluids in a straight circular tube . Fetecau [4,5,7] studied some heical flows of Maxwell and Oldroyd -B fluids
within an infinite cylinder .Exact solutions of generalized Maxwell fluid flow due to oscillatory and constantly
accelerating plate obtained by Zheng[16]. The unsteady Couette flow problems have been considered
in several works for the longitudinal time-dependent shear stress by Fetecau[3,17], Preziosi and Joseph [13]. and
other various effects as in the book and paper by Joseph [9].Bernardin [8] and Preziosi[14]tan, Xu [24] and Pan
[25] considered a plate surface suddenly set in motion in a viscoelastic fluid with fractional Maxwell equation or
between two parallel plates . Liancun and zhang[15] studied the unsteady rotating flows of a viscoelastic
generalized Maxwell fluid with oscillating pressure gradient between coaxial cylinders.

In this paper we studied the effect of magnetic field on the unsteady rotating flow of a generalized Maxwell
fluid with fractional derivative between two infinite straight circular cylinder .The velocity field and the shear
stress are obtained by means of discrete Laplace transform and finite Hankel transform the exact solution for the
velocity field and the shear stress that have been obtained by integral and series form in terms of the generalized
G functions and Mitting —leffer function . The graphs are plotted to show the effects of the fractional parameteron
the fluid dynamic characteristics with MHD on the velocity and shear stress.

2.Basic governing equations
The constitutive equations of an incompressible fractional Maxwell fluid are given by [2,10]
T=-pl+S S+ =pd €8]

where - pl denoted the indeterminate spherical stress, S is the extra-stress tensor, T is the Cauchy stress tensor,
A =L + L"is the first Rivlin-Ericksen tensor with L=grad V, puthe dynamic viscosity of the fluid, A the material

. S . .
constant ,a the fractional calculus parameter suchthat 0 < a <1 and DD—t is defined by

DS .
D = DES+V.VS— LS —SL 2)

In which V is gradient operator, D¥ is the fractional differential operator based on Riemann-Liouville's, defined
as
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DEF(E) = — - dftf(f)d0< <1 3
tf()_F(l—oc)dtO(t—T)“ bU=as 3)

where T'(.) denotes the Gamma function. This model reduces to the ordinary Maxwell fluid model when a = 1
and

D = DE(D{S) 4)
We assume that, the axial coquette flow velocity and shear stress in cylindrical coordinates (r, 0, z) is given by
V=w(r,t)ey S=5(,0) (5

Where e, is the unit vector in the & - axis and w is the velocity .Since V is dependent of r and t ,we also
assume that S depends only on+ and &.
If the fluid is assumed to be at rest at the moment t=0, then
V(r,00=0 S(r,0)=0 (6)
We can obtain
1

T(1+A Dg‘)zu(;—r—;)w 7

Where S, = S,;, = Sy, = Sg; = Sg9 =0 ,t(r,t) = S (1, 1) is the shear stress .

3. Momentum and continuity equations
we will write the formula of the momentum equation which governing the magnetohydrodynamic in 6 -

direction and consider the pressure gradient ,the balance of linear momentum leads to the relevant and
meaningful equation
ow 1dp 1 9(r?*7)

Poc = "ra0 " 72 or

— 85w ®)

Where p is the constant density of the fluid.
Eliminating z(r,t) between Eqs (7) and (8), yields

M 1 42 Dy = ——2 LA+A DY+ 10,19 565 9
ot t rpod p\ror " rzorz v p v ()
Letv = % is the kinematics viscosity and % = —p p, cos(wt) or a— = —p p, sin(wt)

Where P, is constant ,we get the governing equation

aapn P 2 (144 DY) cos(wt) + O 10 1), % 10
) 3¢ t) cos(w 062 <37 rzw— w (10)

4. Rotating flow between coaxial cylinders
this paper considers an incompressible generalized Maxwell fluid at rest in the annular region between two

infinite circular cylinders of radius R; and R, (R,>R;). Attime t =0 , the inner cylinder is suddenly moved with
a time-dependent pressure gradient in the 0 axial direction. The associated initial and boundary conditions are

ow(r,0)
w(r,0) = 5 - 0, re[Ry,R,] (11D
w(Ry,t) = fe® , w(R,,t)=10, t>0 (12)

Where f is a constant.

5. Calculation of the velocity field

In this section ,the velocity field will be calculate for different case of pressure gradient.

5.1. The case :—Z = —p po Cos(wt)

Applying the Laplace transform to Egs. (10)-(12), using the Laplace transform of the sequential fractional
derivatives [11], we find that

a+1 - T q — (293 E —0)
(g +Aqg**Hw |:<1+)\.0) cos(2 a))q2+w2 Aw sm(2 a)q2+w2]
9 19 1\_ 682 _
+v 67-'_____ W—TW ,7 €[R;,R,] (13)

Subject to boundary condition
w(r,0) =0, re[R,R,] (14)
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W(Rll Q) - m ’ W(R2v Q) - 0! t>0 (15)
We use the finite Hankel transform [12] ,defined as follows
Ra
Wy = f rwB (rr)dr,n=123...... (16)
Ry

where 7, are the positive roots of equation B;(R;r) =0 and

Bi(rm) = 1(rn)Vi(Ry 1) — iRy )Y (r 1) a7

where J,(.) and Y, (.) are Baseel functions of the first and second kind of older n, respectively.
Multiplying both sides of Eq. (13) by r B,(r r;,;) , integrating with respect to r from R; toR, and taking into
account the conditions (14) and (15) and the identity

Ry
2
fT(a—"‘li_rl2>vT/Bl(rrn)dr=—E ! ]1(R2rn)_rn2WH (18)

or?2  ror w(q—a) Ji(Ry 1)
Ry
we find that
i B,(R, 1) —B,(R, T,
Wy = Py (1 +A.w“cos(§ (X)) 1( 1 n)r 1( 2 n) q 6'82
" (g% + w?) (q + Mgt 4 vr? +%>
B,(R, 1) — B,(R, T,
—lw“sin(z 0() 1(Ry n)r 1(R; n)x w 5‘32
n (% + w?) <q + M@ +ur2 + UT°>

w1, OB
2 _f h®Rem) 2f hRer) (q”q+1+7°)

_T”"nz (q—a) 1(R1 1) E% J1(Ry 1) (q+7\.q°‘+1+01’2+06ﬁ§)
n
p

(19)

Where Pl(r rn) = ]0(7” rn)yl(RZ rn) _]1(R2 rn)YO(r rn) [1]

Inverting the above results by means of the Hankel transform, one gets the expression for w in the form
T oo — —
__R@®—rf  mwo (1hoetcos(3a)) RGN SR YY)
(R% - Rf)T(q - a) 2 =i ]12(R1 rn) - ]12(R2 rn)
q m2pe A w® sin (g a)
06,35) 2

X
(q% + w?) (q +Aq** +onr? +

y i T JE Ry 1)By (r 1) By (Ra 1) = By Ro 1) w
]1 (Rym) — ]1 (Ry 1)

n=1

)

(q% + w?) (q + Aq*t + o2 + >

o 11 (Ry 1)) (Ry 1) By (r 1)
+
"), JER, 1) — J2(Ry 1)
<q + }\‘qa+1 + ﬁo)
X > (20)
(q—a) (q +Aq** + R + %)

where

e 12 J2(Ry 1)Bi(r 1)
EZ 1)

2Ry - PR

now, applying discrete Laplace transform method, we use the expansion
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1 k+1 k

T ) :
p

2
(g2 + @2) (g + g1 + o2 + g+ + v (52 +L0) oty

(q +Ag*t1 + ﬁo) ~ (q + Ag™*D) (%ﬁ)

2\ 2 2
(q +Aqotl +or2 + %) <q +Aqe! +ur? + %) (q +AqeH + ur2 + %)
o AT o
B Z (—D*(v (rnz +T°)x )k_‘sﬁgz (_1>k+1 e
= T 2P0 - i
k=0 (;\4 +q )k pP — A (qa+1 +v (rnz + é\%) 7\._1)}{+1
and using the following property of inverse Laplace transform
b
_ q
" 1{(qa - d‘)c} = Gape(@D) (22)
n!s*F _
B {W} = eI (Fet) (23)
where [11]
it ,djt(j+c)a—b—1
(), 2

Gane(d D) = £ jITIG + Oa = b]

is the generalized G function and (C) . is pochhammer polynomial [6] and

d] (j+c)a-b-1
Blp(2) = Z(C) t 25)
j=

jiT[aj+an+ ]

represents the generallzed Mittag- Leffler function [18].
Finally ,We attain the following expressions for the velocity field.

R -r)f ., o (14hecos(T a)) G n 2R, 5B ) (Ba(Ry 1) — By(R, 7))
- (R%-R%)T © T 2 XZ ]12(R1 Tn)_]lz(RZ rn)

n=1

X Z (_Tl)kﬂ Of {Cos(w(t - ‘L'))GOhLLk_k+1 (—l) (rnz + %ﬁg> AL T)} dt

mhpohwsin (3 @) § I B (R ) —Bu(Ras)
2 Ji(Ry 1) = JE(Ry 1)

+

n=1
® k+1

S| - Y e

=0
k+1

U(rn

af Zh (R 1)]1(Ry 1) By (r 1) % Z f{e“(t'T)Ga,-k,k (271 7)}de

]12(R1 ) — ]12(R2 T) prd

- © k+1 2
Ry inh o

x f {e““-ﬂaaﬂ,k,m( NG +ﬁ)x‘ )} dr 26)
0

5.2. The case Z—Z = —p po Sin(wt)
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By similar method ,we can obtained the solution in the following form

R =rf o (1420t cos (3 o)) § IR ) (BB i)~ BB
JERy 1) — JF(Ry 1)

e
2 _ p2
(RZ = RH)r 2 L

® k+1

S ot Neain o+ Y o

=0

n2pyh w¥sin (3 a) ) i 1 2Ry 1:)By (1) (By Ry 1) — By (Ry 1))
2 TRy r) — 2Ry 1)

n=1

X N - Cos(w(t —1))Gayrppsr | —0 | 12 +(5_ﬁ§ AL tdr
e :

k=0

Ji(Ry 7)1 (Ry 1,)B1 (r 13,)
taf Z JZ@Ry 1) = J2(R; 1)

k+1
5 2
* [ —vo(r? +—B0 £

S (P frn g
0

® ® k+1 2
R ERC

X f {ea(t_T)Ga+1,k,k+1<_D(rnz 30)7»_ )} dr (27)

0

6. calculation of the shear stress
In this section ,the shear stress is calculate for different type of pressure gradient.

6.1 the case g—z = —p py cos(wt)

The shear stress can be calculated from Eq(7) ,taking Laplace transform of Eq(7),we get

(1+AqD)T=p (% - %) W (28)
i 1 31\

T+ xqa)“(ﬁ_?)w (29)
) —2uR,R2f umlp, (1 + A w® cos (g a))

TR RO -0 +Ag) 2

O 1 J2(Ry 1) (B (Ry 1) — By (Ry 7))
xz ]12(R1 rn)_ ]12(R2 rn) %

n=1
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a OB Ry 1) — (2) Bur ) wr?pyh o sin (% o)

(q% + w?) (q +Aq**t1 + o2 + %) (1 +Aq9) 2

O 7 J2(Ry 1) (By(Ry 1) — By (Ry 73))
% Z J2(Ry 1) — J2(R; 1)

0By (Ry 1) — (1) By (r 1)
(g% + w?) (q +Aq%tt + o2 + A) 1+ Aq%)
J1(Ry 1)) (R, Tn)(TnB1(R1 ) — ( )31 (rm))
tnf Z PRy ) — 2Ry 1)

2
o+
X 55 (30)
(g —a) (q +Aq*t +or2 + UTO) (1 + Aq9)
we, applying discrete inverse Laplace transform for Eq(30) to obtain the shear stress in the following form
—2uR,R2 £ ur?p, (1 + A w* cos (g a))
hrravivd Gl f{e“(t_f)aaal(—fl'f)} dr
(R? — R¥)r o« 2

n=1

X

n=1

+

) i T JE Ry 1) By Ry 1) — (1) By 1)) (By Ry ) — By (R, 1) 3 1
]1 Ry 1) — ]1 (Ry 1) o (7”112 + 57&?)

n=1

X l}:l J-{Cos(w(t — D) E, (-2 1) }dr

0
2

" Z (_Tl)k Of {Cos(w(t = 0)Garkk ( (rn + 670) A )} dT]

um?py A w® Sin (% a)

2
y i Yl (R1 rn)(rnBl(Rl ) — ( )31(7” rn))(B1(R1 ) — B, (R, rn)) y 1
=1 ]1 (Rl rn) - ]1 (RZ rn) L (7"112 + 67[;3)
x [A71 f{Sin(w(t — D) E, o (-A71)Jde

0

k=1

S e

tuf J2R, 1) — J2(Ry 13) T)

n=1

t
5 2
X f {e“(t‘T)GMLkV,{ <—u <rnz + %) 7»_1,‘[)} dr
0

t
ll._l J-{e“(t")‘t“‘lEa_a(—k_lr)}dr
0

k ¢ 2
B [ ]

96

o J1(Ry 1)]1 (R 1) (rnB1(R1 ) — ( )31(7” Tn)) {[ (_1 k
k=1

9Bs
o

o+ )
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6.2 the case Z—Z = —p p, Sin(wt)

Proceeding in similar as before ,we can find the solution in the following form

t 5 3 -
_ —2uRyR} | . a(t=1) 4 U pg (1 + A w® cos (7 a))
FT®—RDr|* f{e Geaa (271 7)}dr | + -
) T JE(Ry 1) (1B (r 1) — ( )Bl (r 1))(Bi(Ry 1) — By(Ry 13) 1

X
]1 (Rl rn) ]1 (RZ rn) v (rnz + 67185)

n=1

X l?u 1f{Sln(w(t — D)t E o (-0 ‘L')}d‘c

k £ 2
+ Z f {Sin(w(t —1))Gar1ik <—u (rnz + 6/%) At ‘L')} d‘r]
o

w?po A w® Sin ( i r J2 Ry 1) (1 By ) — (2) By (i) (By Ry 1) — By(R 7))
]1 (Rym) — ]1 (Ry 1)

X

+

n=1

2
X (12 x At j{Cos(a)(t — )t Eo(—A7'T)}dr
65 ,

o +552)

) i (_Tl)k Of {Cos(w(t — 1) Gasiir <—o <rnz + 67,85> AL T)} dr

k=1
@ Ji(Ry 7)1 (Ry 73) (n@ ()~ (2) By rn))

]12(R1 ) — ]12(R2 )

+ unf

n=1

oo t
-1 k ) 2

E —) xJ{e“(t‘T)GaH_k‘k <—o <rnz +ﬂ> 7\,_1,‘[)} dr
A ) p

k=1

+ 75 I j{e“(t Dot (A7)}

D(r o6
e
k=0 0

7. Special limiting cases for
In this section ,we recover some limiting case that have been studies before .there solution are obtained from
our solution.

7.1 The case Z—Z = —p p, cos(wt)

In special case Making the limit of Eq.(26) and Eq.(31) when o — 1, we get the solution of velocity field and
shear stress reduces to
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B R, (RZ —18)f at %Py - T JT (R 1) By (1 Tn)(E1(R1 ) — Bi (R, Tn))
=" — X
(RZ —R)r 2 Z Ji(Ry 1) — JE(Ry 1)
k+1

) f {Cos(w(t = 1)Goppi1 ( (rn + %) A )} dr + 7r2p;7u w

i (R 1)By(r Tn)(B1 (R 1) — By (R, Tn))
]1 (Rl rn) ]1 (RZ rn)

k+1 2
—1 f {Sin(w(t - ‘r))GzlklkJr1 < (rn + %) A )} dt

k=0 o 0
Z/1(R1 1)1 (R 1)B1 (r 13)
]12(R1 rn) - ]12(R2 rn)

k+1

n=1 aﬁo t
< o + )> f{ew 96, wu(—A4 7)) dr

SR )L (R, 1)BL(r 1) O ket 6ﬁ2
‘”fz JHCESENHCES! sz< )

n=1
t
xf{ea(t_T)GZ,k,k+1< <Tn +%>7\. I,T)} dt (33)
0

pur’po

n 1

>

k=0

X

—2uR,R2

t
T = W[eat _ f{ea(t_T)Gl,—k,k(_}\a_l,T)} del| +

]1 (Rl Tn) ]1 (RZ rn) :BO

n=1

xirn 2(R, 1,)(rBy(Ry 13,) — ()Bl(rrn))(Bl(R1 7,) — B (R, Tn))x< ( 1 ))
v

t

At f{Cos(w(t —1))E 1 (A7 1)}dr

0

_,_ f {COS(w(t = D) 6okt <_ <T" BO) T)} &

=1

X

,uT[ po W i T JT(Ry 1) (1, B, (r 13,) — ( )31(7' Tn))(B1(R1 1,) — B1(R; Tn))
X X
]1 (Rl rn) ]1 (RZ rn)

,_n

n=

t
% x |a7t J{Sin(w(t - ‘L'))El‘l(—?\,_1 ‘[)}d‘r
v (rz + 6—0) 0
noop

* i (%)k Of {Si"(“’(t —1))Gokk < v <Tn + %) AL )} d‘[‘

k=

[y
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o Ji(Ry T2 (Ry ) <rnz?1(r )~ (3) B rn))

]12(R1 ) — ]12(R2 1)

+unf

n=1

B e )

=1

5Bs
+| —L—— | x [\ et DE (A7 1)

2
o(+%)

0 t
-1\F 582
S [leem (ol ) ) o]
A " p
k=1 0
If we Making the limit of Eq.(26) and Eq.(31) when « -» 1,8 — 0 and 3, — 0,we get similar solution velocity
field and shear stress for ordinary Maxwell fluids, as obtained by Liancun and zhang[15].

7.2 The case g—z = —p po Sin(wt)
In special case Making the limit of Eq.(27) and Eq.(32) when o — 1, we get the solution of velocity field and
shear stress reduces to

_RRE—1Df o R0 i 1 JE Ry 10)B1 (1) (By (R 1) = By (Ry 1)
(R~ RDr 2 T4 JE@Rs 1) = JE Ry 1)

g k+1 b 2
(%) j {Sin(a)(t —T))Gz_k‘kH( <rn +ﬁ) At )} 5 +%
0

Th ]1 (Ry1m)By (r rn)(Bl(Rl ) — Bl(RZ rn))
- ]1 (Ry1) — ]1 (Ry 1)

()" f{m(w@_T>)Gz,k,k+1<_o<rn )3

J1(Ry 1,)]1(Ry 1,)B, (r 13y)
* fz ]1 (Rym) — ]1 (Ry 1)

k+1

oo L 888
xz ( P> j{ew 96, (A7)} dr

X

X
NI

°°/1(R1rn>11<Rzrn)Bl(rrn> o~ 6ﬁ2
) R = i) X;< )

n=1
t
xf{e“(t-T)Gz’k‘kH (—0 (rn +%>7\. 1,1’)} dt (35)
0
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2uR,R? g 2
—2UR, R _ -1 Kt"Po
S o i e DIl
0
0 2 = 1 = —
Z T Ji (R 1) (B (r 13,) — (?) B, (r Tn))(Bl (Ry 1) — B1(R, Tn)) 1
X X
ne1 ]12(R1 rn) - ]12(R2 rn) v (T_nz + %ﬁg)

x [A71 f{Sin(w(t - ‘L'))Em(—?f1 T)}d‘r

. i (_Tl)k f {Sin(w(t _ ‘L'))Gz,k,k+1 <—u <rnz + 57[2’3) )\,—1,1-)} dt
k=1 0

+,u7r2pzo Aw y i Th ]12(R1 Tn)(rn§1(7" ) — (%) B, (r Tn))(E1(R1 ) — E1(R2 Tn)) 9
n=1

Ji Ry 1) = JE(Ry 1)

t

;2 x (a7t f{Cos(w(t — T))Elll(—)._l ‘r)}dr
v (rz + %> 0
" p
o -1 Kkt 562
+ kz:l (T) Of {Cos(w(t — ‘L'))Gz‘k,k <—0 (rnz + %) )_-1,1>} dt

@ Ji(Ry 7)1 (R, 73) <rnél(r - (7) B rn))

Ji Ry 1) = JE(Ry 1)

+unf
1

n=
NP 5B2
AR [l o+ 7)o
k 0 p

=1

368
+ p 5oy | < A et DE (-7 1)
(i +5)
SN (L AN
+kzzl<7> Oj{e“(t DGk (—o (rnz +7) A ,‘[)} dr (36)

if we Making the limit of Eq.(27) and Eq.(32) when o« - 1,86 - 0 and 8, — 0 ,we get similar solution
velocity field and shear stress for ordinary Maxwell fluids, as obtained by Liancun and zhang[15].

8. Numerical results and conclusions

In this paper ,we established the effect of magnetic field on the unsteady rotating flow of a generalized
Maxwell through two infinite straight circular cylinders , the exact solution for velocity field and shear stress are
obtained by using Hankel and Laplace transforms .The solution that have been determined ,written under integral
and series from in terms of generalized G-function and Mittag —leffler function .Some figures are plotted to show
the behavior of various parameter involved in the expressions of velocity field w and shear stress T .
Inthe case a — 1,we have obtained the solution for ordinary and generalized Maxwell fluids.

The velocity and shear stresses are plotted about the case Z—z: —p po cos(wt) by using Mathematica

package .Fig (1) and (2) are sketched to show the velocity field of Maxwell model with fractional derivative at
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different value of time and magnetic field . From these figures, it is obvious that velocity decreasing as the time
decreases .When r approaches to R;  the velocity is decrease with increase the time . Fig (3) and (4) are
depicted to show the changes of the velocity with fractional parameter « and magnetic field .The velocity
decreases with increasing of the parameter «a . Fig (5) displays the behavior of parameters A with magnetic field
. It is observed that the velocity is increase with increase of the parameter A. Fig (6) are prepared to show the
effect of the kinematic viscosity on the velocity field with magnetic field .The velocity is decrease with increase
v . Fig (7) is established to show the behavior of different value of time with A=8 , @ = 1 and magnetic field
.The velocity field is decreases with increasing of time. Fig (8) provides the graphical illustration for the effect
of the different values of r with magnetic field. Fig(1-7) ,we noted that for fixed instant at time the velocity first
increases and start to decrease ,it has maximum in the radius range of (0.75-0.85) in this profile ,the pressure
gradient leads to fluctuations of the velocity .It is notes that the fluctuations is big as r various from 0.7 to 0.8
and become small as r various from 0.8 to 0.95 . This is the case for both ordinary and generalized Maxwell
models . Fig (9-12)shows the changes of shear stress for different values of (time t , fractional parameter a |,
kinematic viscosity v ) with magnetic field . the results indicated that the shear stress increase rapidly with
increase of different parameters. Fig (13)and (16) provide the graphically illustration for shear stress with
parameter A and for different value of r with magnetic field respectively . Fig (14) is established to shows the

effect of different value of kinematic viscosity v with magnetic field on the shear stress .

S S S S S T S [N S R S S S S S S S RS S S RS R RS ST HAR S, r
0.70 0.75 0.80 0.85 0.90 0.95 1.00 0.70 0.75 0.80 0.85 0.90 0.95 1.00

Fig .1. the velocity for different value of time t : A=10,v=0.2, R;=0.5,R,=1,a=-0.2,0=0.5, ®=0.1, po=2, p=0.02,
m;=7.8999 , f=4
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0.70 0.75 0.80 0.85 0.90 0.95 1.00 0.70 0.75 0.80 0.85 0.90 0.95 1.00

Fig .2. the velocity for different value of time t : A=10, R;=0.5 ,R,=1,v=0.2,a=-0.2, 0=0.5, ®=0.1, po=2, p=0.02,
m;=7.8999 , f=4
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Fig .3. the velocity for different value of fractional parameter a.: A=10, R;=0.5 ,R,=1,a=-0.2, ©=0.1, po=2, p=0.02
, m=7.8999 , f=4
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Fig .4. the velocity for different value of fractional parameter a: A=10, R;=0.5 ,R,=1,a=-0.2, ©=0.1, po=2, p=0.02
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Fig .5. the velocity for different value of A :v—0.2 ,R;=0.5, R,=1,a=-0.2,t=4, ©®=0.1, po=2, p=0.02, a—0.5,

m;=7.8999 , f=4.
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Fig .6. the velocity for different value of kinematic viscosity v :A =10 ,R;=0.5,R,=1,a=-0.2,t=4, ®=0.1, po=2,
p=0.02, 0—0.5, m;=7.8999 , f=4.
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Fig .7. the velocity for different value of time t:A=8 ,R;=0.5,R,=1,a=-0.2,t=4, ©=0.1, po=2, p=0.02 , v=0.2,

m;=7.8999 , f=4.
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Fig .8. the velocity for different value of r : A =15 , R;=0.5, R,=1, a=-0.2, ®=0.1, po=10, p=0.02 , v=0.03 , m=5.79 ,

f=10.

00

05 F

10F

20F 7
25F /

3,0; /

35

Fig.9. the shear stress for different value of time t : A=10,v=0.2, R;=0.5 ,R,=1,a=-0.2, ©=0.1, po=2, p=0.02,

m;=7.8999 , f=4
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Fig .10. the shear stress for different value of time t :

p=0.02, m;=7.8999 , f=4

A=10, R;=0.5 ,R,=1,0v=0.2,8=-0.2, 0=0.5, ®=0.1, po=2,
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Fig 11 the shear stress for different value of fractional parameter a: A=10, R;=0.5 ,R,=1,a=-0.2, ©=0.1, po=2,
p=0.02, m;=7.8999 , f=4
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Fig .12 .the shear stress for different value of fractional parameter a: A=10, R;=0.5 ,R,=1,a=-0.2, ©=0.1, po=2,
p=0.02, m;=7.8999 , f=4
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Fig .13. the shear stress for different value of A :v—0.2 , R;=0.5,R,=1,a=-02,t=4, ®=0.1, po=2, p=0.02, a—0.5,
m;=7.8999 , f=4 .
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Fig .14. the shear stress for different value of kinematic viscosity v:A =10 , R;=0.5, R,=1,a=-0.2, t=4, ©=0.1, po=2
, p=0.02, a—0.5, m;=7.8999 , f=4.
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Fig .15. the shear stress for different value of time t: A =8 ,R;=0.5,R,=1,a=-0.2,t=4, ®=0.1, po=2, p=0.02, v=0.2
, M=7.8999 , f=4.
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Fig .16. the velocity for different value of r : A =15 , R;=0.5, R,=1, a=-0.2, ©®=0.1, po=10, p=0.02 , v=0.03 , m;=5.79 ,
f=10.
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