THOMSON REUTERS

[Bander,3(7): July 2016] ISSN 2348 - 8034
DOI-10.5281/zenodo0.57971 Impact Factor- 4.022

GLoBAL JOURNAL oF ENGINEERING SCIENCE AND RESEARCHES

THE EFFECT OF MHD ON UNSTEADY FLOWS OF BURGER’S FLUID BETWEEN
TWO SIDE WALLS PERPENDICULAR TO A PLATE THROUGH A POROUS
MEDIUM
Sundos Bader* and Ahmed M, Abdulhadi?

*1.2Department of Mathematic, College of Science , University of Baghdad , Baghdad, Iraq
ABSTRACT

This paper presents a research for the MHD flow of an incompressible generalized fractional Burgers’ fluid
between two side walls perpendicular to the plate in porous medium .The solutions of the velocity field are
established by means of mixed Fourier sine transform and discrete Laplace transform in term of the generalized
Mittag —Leffler function written as a direct sum of the Newtonian solution and the corresponding non-Newtonian
solutions. Furthermore, the solution for generalized second grad fluid , generalized Maxwell fluid and generalized
Oldroyd-B fluid are also obtained as limiting cases of our general solution .Finally , some characteristics of the
motion as well as the influence of the material parameter on the behavior of the fluid are shown by graphical
illustrations.
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1. INTRODUCTION

The flows of non-Newtonian fluids are of very important in a number of engineering application ,such as the
extrusion of polymer fluids, exotic lubricant ,animal bloods ,heavy oils and colloid and suspension solutions[8] . No
model alone that can be described the behavior of all non —Newtonian fluids because of complex behavior . An
important class of non-Newtonian fluids viscolastic fluids .The Burgers’ fluid is a kind of them which cannot be
described by a typical relation between shear stress and the rate of strain. Therefore, many models of constitutive
equations have been applied for these fluids [4, 6,14 ,15,17].

Fractional calculus has been used much success in the description of viscoelasticity ,Recently ,many researchers
have been proposed different problems related to anon-Newtonian fluids with fractional derivative . Fetecau et
al.[1], studied numerical fractional —calculus model of the Rayleigh Stokes problem for a Maxwell fluid. Ali et al.
[5], discussed New exact solutions of Stokes’ second problem for an MHD second grade fluid in a porous space .
Hayet et al. [16] ,discussed the unsteady flow of a second grade fluid between two side walls perpendicular to a
plate . Kang et al. [8] discussed thermal convective instability of viscoelastic fluids in a rotating porous layer heated
from below. Khan [12], discussed Flow of a generalized second-grade fluid between two side walls perpendicular to
a plate with a fractional derivative model. Jianhang Kang et al.[8] ,studied the unsteady flows of a Generalized
Burgers’ fluid between two side walls perpendicular to a plate with a fractional derivative model.

In this paper ,we study the effect of MHD on of an incompressible generalized fractional Burgers’ fluid between
two side walls perpendicular to the plate in porous medium. The velocity fields is determined by means of Laplace
and mixed Fourier sine transform and are presented under integral and series forms in the Mittag —leffler function.

2. STATEMENT OF THE PROBLEM

Consider an incompressible Burgers’ fluid occupying the space above an infinite flat plate and between two side
walls perpendicular to this plate, as shown in Figure 1. The side walls are extended to infinity in the x- and y-

directions and are located at = = 0 and z = &. Flow Induced by the Impulsive Motion of the Plate. Initially, the
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fluid is at rest and then the plate is suddenly brought to a steady velocity L7, at the moment ¢ = 0% | corresponding
initial-boundary conditions are given by
uly,z,0)=0,y=0,0=z=d

ull,z,t) =0, 0=z=d ,t=10

uly, 0,8) =uly.dt) =0, y=0,t =0

Figure 1: The schematic diagram of system considered here.

3. GOVERNING EQUATIONS
The continuity and momentum equations for an unsteady incompressible flow is governing by
V. ¥=0 1}

pE=-Vp+V.S+]xB+R (2)

where g is the density of the fluid , ¥ is the velocity, ¥ is the gradient operator , # is the pressure , S the extra
stress tensor ,( f * B) is the component of Lorentz force (electronmagnetic) , B is the magnetic field , § is current
density (or conduction current) and & is a measure of the flow resistance offered by the solid matrix.

The constitutive equations for an unsteady incompressible fractional Burgers’ fluid given by

: ;
T=—pi+5 1+:«“6—w+1““ 5= 1+:«’9'5—A 3
=-p . 1w 25w = 1 54 1 )]

Where T is the Cauchy stress tensor , @ is the dynamic viscosity , A, = V¥ + ¥¥7 is the first Rivlin -Ericksen
tensor , &; and Aq(= A,) are relaxation and retardation times with the dimension of time, and A, is the new material

parameter of the Burgers’ fluid , & and & the fractional calculus parameters such that 0 = & = § =1 and :? the

upper convected fractional derivative defined by
R LY

_ T
e =g F VS-S - 5.(WY) (4
654, 854,
_ _ _ T
5 =+ VAL TV - AL (V) (5)
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Where :? is the fractional derivative of order & with respect to t ,which is defined as [10]
8% fitd 1 J‘
= t—n) A dr (k—1sa=sk &
FTeE e o) Gl M A A a sk (&)

Where I".J denotes the Gamma function and

G5 g% (5“5) o

5t EtE \5t¥
We consider the MHD flow of an incompressible generalized Burgers’ fluid due to an infinite flat plate and
between two side walls perpendicular to this plate through porous medium .Assuming The velocity and extra stress

tensor of stress tensor of fluids under consideration should have the forms:
= [uly,z£,0,0] ,5 =50zt (2

in the Cartesian coordinate system, where &y, z., £] is the velocity component in the x-direction.

According to Eq,(8) , the continuity equation (1) is automatically satisfied .

For the components of the stress field 5 ,we get
Sxy = Sy.r »3yg = Sz and Sx_}- = 5_}': ©

Substitute Egs.(13), (18) and (19) into Eq.(3), we get

L (%5 (S,
Sap A | o MOy T MeSys | R | g M Sy~ UaSys

a.l?
(1 +28 arﬁ) (107
o (3% Sa o (B35
5x2+?‘1. ( are _uy'syx_uxsxx)'i'?‘z Arie _uysyx_ux'gxx
s 8
#.(1 +35 ﬂtﬁ) (113
a% &
(1 o arN) 5y =0 (12)
ﬂw 2e
(1 +H o arw) 5z =10 (13
aﬁ‘ 2
(1 A wz)s =0 (147

From Eqgs.(12),(13) and (14) ,we obtain
Syy =5 =S5 =10 (15)
41
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Substitute Eq.(15) into Eqs.(10) and (11) ,we get

ae w 5 6.3
(1+115t¢+lz 6{_22)5:1, ='u,(l+l: ﬁ)u‘}, (1e]

8" B 5 8
(1+?.Latﬁ,+lz ﬂt“’)s (1 +?., atﬁ) 17
3.2 Momentum and Continuity Equations:

We will write the momentum equation which governing the magnetohydrodynamic in the porous medium

du Bp B85y B85 e

—=- —oBlu— — 18
Pat ™ "o ay T ap ToRMT M (18)

Elimination of 5, and 5,z from Eqs.(16) and (17) ,yeilds

4 A2% Y Ay a% a2 ap 5 8
plleM o+ M g |l =1+ oM e 143 — o |

i+i 1448 al + A% o (a5’2+@)u (19
ay? gzt Lage T ™ groe R ¢

Divided by g ,we get

e a« iy B VA 1 L4 8 e 82% % ap L af
- 5%
tM e T e g T o Tt g TP\ T g

32 aﬂu ﬂﬁ’ 2 ¢|
—+— | -1+ ——+& (M —) 20
(By t o ) ( Tt zﬂt“’) tUg)E (20)
2
Where v = f is the kinematics' viscosity and M = ? is the magnetic number .

3.3 Solution of Unsteady Flows

Let us consider the flow Induced by the Impulsive Motion of the Plate. Initially, the fluid is at rest and then the
plate is suddenly brought to a steady velocity &7 at the moment £ = 0%, Such a motion is termed as the Rayleigh-
Stokes’ problem in the literature. In this case the governing equation , in the absence gradient in the flow
direction ,is given by

e a% iy A% Y Ay Lol 88y fatu 8tu
thge TR g T\ T e T et

BR’ ﬂZR’ :P
1+?|.]_ 6ta.+?l.2 atzw (M+UE)'H [21]

The associated initial and boundary condition are follows :
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uly,z,00 =0,y =0,0=z=d (22)
all,zt) =0, 0=<z=<d ,t=0 (23)
uly,0,t) =uly.dtl =0,y=0,t =0 (24)

Employing the non-dimensional quantities

R o e = @) e (UYL L (T
we=k =g @yt =T =w (2) ) = ()

,wy =i (%)’g Re=Dt e =XL (8 el (25)

v I Ra it

Where 4y.3; A3 and R¥ are the are the dimensionless relaxation time, material parameter, retardation time,
Reynolds number and respectively.

Egs.(21)-(25) in dimensionless form are :

) la“ la” fu 1 ) laf‘ Blu Au
thget g 5 TR\ T s 3y2+322

A% 625: ¢'
—(1 +?.,_m+12 ﬁ) (M +v§)u (2e)
ulyp,z,0) =0 vy=0,0=z<1 (27
uall,z, ) =1 . 0=z=1 ,t=0 28]
uly 0.t =uly1.t)=0,y=0,t=0 (29)

It should be noted that in order to solve a problem for (26) additional conditions apart from (27)-(29) are
supposed to be attached, that is

duly.z2.00 Buly,z2,0)
a0 At

=0,y=0,0=z=1 (30

uly,z ¢,

@—)Dasyalﬁ,thﬂ (313

Where the dimensionless mark" #" has been omitted for simplicity.

The velocity field can be obtained by solving the governing equation (26) subject to conditions (26)-(30) .We
will use the mixed Fourier sine transform [8] i.e

(5, 7y 8) =J§-l__r:_f;u(y,z, Esiny Esinzi, dzdy n=123... (32)

And its inverse is
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27 =
uly,z, t) =2 ;J‘ Zﬁ(g,g,, L&) simy £ sinzd, dE n =1,23.... (33
p ti=1

In which ¢, =nwx .

Now, applying the mixed Fourier sine transform to Egs.(26) and taking into account boundary conditions (28),(29)
and (31) ,we get

113“152“% 11:%.3Jg (4 2 2@;1{1}“
thgmth g o TR\t TR )T TRt T =L

ﬂﬁ' 2& ¢

8u(£.5,.00 #°ulg, 7,.00

HE 6 00 = at at?

=0 (357
Let @i ., . 5J) be the Laplace transform [8] of #(E.Z, .t} defined by
#5051 =1, e~ alE, Q. ) dt (36)

Now applying Laplace transform to Eq.(34) and taking into initial condition (35) ,we find that

_{_1n -1_-1 : _ 5
E(E,Q,SII:\(EE [lqh( 1)P]Re 15711 + 4, sign(l — pIs*) 471
T n (s + M v B [1+ Rys® + Ros]+ ReHE + L+ Bys )
Where
-1, g=1
signfil—m:{ 0o, pg=1 (38)
1, 0D=pg=1

In order to obtain (£, %, .t} = L7*(miE, T, . s)) with L~ as the inverse Laplace transform[11] ,for a more suitable
presentation of the final results, we rewrite Eq. (37) in the equivalent form

=2 ) e 55[1—{-11“][3 1 ] 250 - -1 4G

WS L @43 b5 stRET G |m G EtE)  Re
1

s+ Re-t(g? 4+ 73)

{[?.15‘“1 +A, st (M +u %) (14 3,s% + A,57%)

+Re My (5 + 2001 — 3y sign(1 — P))s® — i, sign(1 — @A+t

{s [(s + M+ %) (142,594 2,52 + Re (22 + 223(1 4 2,57 )]}} (39)
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Now , rewriting Eq. (39) in series form as

5,9 = [ SLZED O O 1l {2

WS = T TE R s stReE4 G m L (B+3)  Re
1

s+ Re-t(E 4+ 72)

i
{[115““ R ELLALEE (M +u E) 14+ 2,5%+4,52%)

+Re g (52 + 22001 — &g sign(1 — P))s¥ — Ay sign(l — p1sF+1]

[+J+[+d +Hn+tn+w=k 4+

(Re~t(5" + 72))

e S S GE b
= ) Py T i dl el el w!

th i+w+[+d {Elj[m! ]m Kl ¥
(M + UE) [Ag) ket B R+l (40
o) a
Ay Ay

wherew = ati — f —k+ (e — 10 — ek + (f — Um + 20 — 1)d —n — 2.

Hence , the Eq.(40) can be written under the form of series as

7 o 3‘6[1—[—1]“][1 1 ] 2 g -1
ull, oy .5l = m 4+ 3) s s+Re 4+ m og, 247D

[+ +[+d +H+tn+w =k

H+tn+1

1 - (Re~HE +7])
k L
s+ Re-t( + z,g};(_lj (=1 i L0l nl ! w!

L[ amawel

s

(M N |:;:|)L'+1.'.'+[+|1‘ {Elj[m!]m El oW+l
u—

. A
K U'.z:'“'k"'l bRt b
(M+UK.) Ay

—_— 4
P ThR TS

k+1.+?lz

L

k! Slp+2ﬁ:’+:l.

P
—+ M+ < +A
(M+v%) A o ( UK) ( +vE) S

P — ) S [y P 4 —_ "4
P T, TS Wy TR, T
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th Kl sP+® th ki ge+ie
(o) —= N
Previ) a o) w
Ay Ay Ay Ay
ki s#+F
Re 13,8 + 22): s 7 — Aqsignl(l — )
M4uv ) a
K + _1-+ L
g Ag

k! S¢J+zz+,€+1

¢ oot (41

(M +u )

MR M
Ay A

Where £ = (1 — sign(l — B

Now , applying the inversion formula term by term for the Laplace transform .And taking convolution integral
[10],Eq.(41) yields

_ " (B +c2)
R0 = ﬁ Hl_'iﬂ][l_g(—m )

2 5 [1-(- 1]"]JE [E”*‘:' )=o)
7, (82 4 23] I GEEY

ca - A+l [+w+l+
;(—1::“ S e ) (m+o%) -

il gl nlmlw!
Lj.LdmmweD 4

[+J+[+d+n+m+w=k (

E.
()™ (mv8)
_— k-p-2pd VETVRS M N
(3, JitErt LA e VY T [ R TR
M +UE-) 4
ot ( B2 L PR
B tpreen | T‘Fl—z ™ |+ (M +vj_{) ok le—p
M +U£) 2
w0 ( K 1 LAY
EWJ(R’-?J) - T"‘i ™ |+ 34 (M +U§)‘r“ @
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M+ E) A
oy (—H Mo ( E) k(e +pi-1
E ol — " +12 ™ |+ A M+UH T
% (M tv %) MY g -1 (5 4 72
= CO+ - lz +£ T + Re ?I.! E + zn g
R’k+(a’—(p+ﬁ) 1 (M +U£) A & il I
E,w S " +1_2 ™ | —Aqeignll —
M4 vﬁ) a
o+ la—p-f -2 _ (—K Moy g
ER’ E—(E+E+1) A + Ay T 6t (42)

Where E, |, (z) = Ap=0 43)

M=0 P )

represent the generalized Mittag —Leffler function with

a* - (n+kjz"
FEID)
B = g Bl £ i Tl + 3k + o) ()

and T(.) is the Gamma function.

In obtaining Eq.(44) , we used the following property of the generalized Mittag —Leffler function[8]

£- 1{{5}{{' :,r;+1} = tMc+u—1E$(ict"~jJ (Re(s) = lel ¥4), 451

Finally, inverting Eq.(43) by means of the mixed Fourier sine formula ,we find the velocity field is given by
2 ~2
sinz Gy EsinyE (EE _: :‘" :')
?-I':}"JZJ t:' _z JF ': zz} —F

3 (EZ EN) ea L+J+[+d +n+tn+w=k (

J‘ . (r 0 Z Z (=13
L

k=0 LyLd s wel

smzﬂ,.,. E sinyE
“E“ f e+

ﬂ=:|.
HE'L[EE n iﬁr})ﬂ+m+l

i dlal el w!

R‘k—lp—ZE(k) (M + U%) + ?i e

T w—lpe ) T A A

¢)i+w+[+d {11}[{1! :lm

(M vy (Al FEHL
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wl—p -2 (M + vi) M & ¢
+i,T Em P T+:‘L—2 T +(M+U§)
M4u E) a
Yo+ () -1 ( KoM BN k-
R A B W +?:1(M+UH Tkt
M4u E) A

0 (— M E) k- +pi-1

B wl — ” + n ™ |+ A (M + vy TRETEEE
(M + v E) 2
ng)_wng _ . K +i " +HE_113|:EZ + zi,:] o pel+le—cp+ -1
M+ UEJ A

) ( K/ M Kot Gemg = =2
Eei—corsy | ~ A + A ¥ | = Aysignll — p) Hrie-wmf-2

a0 (M + ”%) At
et el R vt vl L (46)

Where & = (2n — 1%

In which of the following integral is used [8]

.:Zf‘”if} ar=zo )
[ESE e T omef o o _y
) e dE— [ Yerfe (av‘_ oWy A -}'wfc(bv"_ zﬁ)] {483

Where erfci.) is the complementary error function and using Eqs.(47) and (48) into Eq(46) ,we get

— (2425
uly, z,t) =4z Sm;% g ol zz qu:rq” ( R:w ) gty
fi=1

=1

t ¥ t ¥ 8+ SNz Oy
grfc ﬂ,.r\{;—z T — e erfc %j;_z I Re _;Z o
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ca 2, -2 ea [+J+[+d+n+tn+w=k
£ sinyE (%)(r—r) ‘ 1]E+[(RE-1{EZ +¥.r:':|ﬂ+m+1
2y 2 F - i gl ol amal 1]
: (g + 73 4 2 s men i i dlnl !l w!
i+w+[+d [ n M E
(M+vi) () Gy )" &:j joo-eg® —( JrUKJ+:‘i ™
K Dlzju +1 e—tg+ Ay Aq
) +v£) A
k—p-g-2 ( RS M #
+?|.sz oo 2ER’_.—(¢I+R’+:L:' - ?‘.2 +lz & + (M + UK
(M +v-¢l) a th
ka+(w_w)_iES§w—p) _ TH+_: ™ +11(M +UI_{)TRL:—¢|—1
M+v£) A
a0 ( K e ( E) wl—lw+ -1
E%_?J - n +12 ™ |+ 4 M+UK T
1 +v£) A
o (—K M - Kt (o () -
T e WA S NG ok
1) +v£_) A
(5 ( K L . —w—f—
Ema’—(ﬂtﬁj - A +£ ¥ | = Rysignll — Bl e
Ay (M +U%) Ay #
Ema’—(wﬂ?n) - T—i_:‘l_z T drdf 49

the velocity field u(y.z.t) for a fractional Burgers’ fluid given by Eq. (49) has two parts: the first part

corresponding to a Newtonian fluid performing the same motion and the second part on the right-hand side of
Eq.(49) resulting from the viscoelastic property of a fractional Burgers’ fluid.

3.4 Special Cases
1- Making the limit of Eq.(49) when M =0 and v% =0(i=w={_=d =0}, we can get similar solution

velocity distribution and shear stress for unsteady flows of a viscelastic fluid with the fractional Burgers’ model, as
obtained in [8]. Thus the velocity field reduces to

SNz Oy

uly, z, £ =-’-1-Z gy 2
#=1 a”

"" m%ff” o T

=1

P 49
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t ¥ t ] “smzth
erfr Qr.r\{;—z 77 —et erfe ﬂwj% N _; S

t (&- EN:I)([‘—) ca [+11+ta=k
&

(HE_L[EE + q%,})ﬂ+m+l D.!:'m

nlml (Ap ket

T g siny
CET

(1)

[ k=0 L[aMmeDl

& A
k-2 M k-p-2 it
{?‘ CH Em (p+1 ( Ay K) LR L Ew, (p+o+1) ( A Tﬁ)

A
-1 z el G-+ -1 ( M a’)
+Re M (F + et ES —wee 3

A
k4 2) 1
—Aqsignll — p) gek+e-P-F- EM Wﬂgm( » r“)} drdi (50
where w =m+jf —koe —oe—k — 2
2- Making the limit of Eq.(49) when M — 0 | UE - 0,4 —»0and &y = 0(i =f=w =d =0), we can get the

velocity distribution for a generalized second -grade fluid obtained by Khan and Wang[12]. Thus the velocity field
reduces to

= Re-ils 4 7237t
sn LS S
=1 L Py '
2
E:I(.li)ﬁ,,&k+2 ( ':E ; z.n.") ti- ) + Rg‘lsign{l - B)tk-.lgﬂ.
(8 + o5
Eﬁ)ﬁﬁk—ﬁn (_%tl_’g)} dg {513

3- Making the limit of Eq.(49) when M — 0 | vf - 0,and &, = 0(i = j =w = d = 0] , we can get the velocity
distribution for a generalized Oldroyd-B fluid obtained by Fetecau et al [2].Thus the velocity field reduces to

- by
uly,z,t) = 42
=1

o Sty 25: smq:rqw g((tz;z&:')r{g_;w

=1

t ¥ t ¥ 8 SNz Gy
orfe z"\{%_z t/Re el erfe %j;_z t/Re _;Zl I
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ca : siny [ E(KEZ;F"})(['—T) i i{_ljk (HE”‘[EE " air:')k_m*-l
) g 2, 2 I G e o e —

2, -2 -
{?:LT'FE@ (—E—EEE - G 1:“) — Ay signil — Ej'l:""'*’ﬁ'Ecl’eJ (—E—EEE - G 1:“)

B +Ly A Re B+LB+y A Re

+Re a8 + ) e TPHIHLE

2 o
0 (_ A + 3R r“) 523

F+LP+y+1 ?.I_RE
Where p = ket + & —m and € = — f

4- Making the limit of Eq.(49) when M —= 0 | v§ = 0,4 —=0and A = 0(i=f=w =4d =0), we can get the
velocity distribution for a generalized Maxwell fluid obtained by Vieru et al [3]. Thus the velocity field reduces to

_E N siﬂzﬂu i Esr’.’ny‘ﬁ N lc(Rg_j-[Ez-i_g‘?"j)kﬂ ek +e+h+
wno = 3 T  E R e
TE’
E:f]f:t’+k+2 (_ i)} g (53)

3.5 Numerical Results and Discussion:

In this work, we have discussed the effect of the MHD flow of an incompressible generalized fractional
Burgers’ fluid between two side walls perpendicular to the plate in porous medium. The exact solution for the
velocity field & is obtained by using the discrete Laplace and mixed Fourier sine transforms. Moreover, some

figures are plotted to show the behavior of various parameters involved in the expressions of velocity 2 .

All the results in this section are made through plotting graph by using MATHEMATICA package.

Based on Eq.(58), Figs.(2 - 13), illustrates the effects of the fractional parameters ( & and f ), Renold number
Re | relaxation time &; , retardation time 25 , material parameter of the Burgers’ fluid &; , time t , parameter ¥ ,
magnetic number # | the porosity of porous medium ¢ . perrneability & and v is the kinematics' viscosity on the
velocity .

Fig.(2 , 3), illustrate the effects of non-integer fractional parameters ( & and § ) on the velocity fields . It is
observed that the velocity is decreasing with the increased the & and § Fig. (4), is established to show the behavior
of Renold number R# , The velocity is decreasing with the increase of Renold number A# . Fig. (5 ), contains the
behavior of « under the variation of relaxation time #; , one can depict here that u increase with the increasing
effects of the parameter relaxation time & .

Fig.(6) , provides the graphical illustration for the effect of material parameter of the Burgers’ fluid &; on the
velocity fields. The velocity is decreasing with the increase of 4; . Fig.(7 ), are prepared to show the effect of the
retardation time A5 on the velocity field. The velocity is decreasing with the increase of the retardation time A5 .
Fig.(8 ) , is established to show the behavior of parameter ¥ on the velocity field , it is observed that the velocity is
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decreased with increase the parameter ¥. Fig.(9), displays the variations of velocity with z at different magnetic

number M . It is interestingly observed that the velocity #t rising up with the increasing effects of the parameter
magnetic number # . Fig .(10) illustrates the effects of the kinematics' viscosity # on the velocity function ,it is
found that the velocity # decreasing with the increasing effects of the kinematics' viscosity v . Fig .(11) it is
observed that increase in permneability K results in increase of velocity field . Fig .(12) , provides the graphical
illustration for the effect of ¢ on the velocity field . the velocity is decreased with increase of ¢ . Fig.(13), is

prepared to show the effect of retardation time t on the velocity fields. The velocity is increased with the increase of
time t.

3.6 Conclusion

We have discussed the effect the MHD flow of an incompressible generalized fractional Burgers’ fluid
between two side walls perpendicular to the plate in porous medium, yield the effect of each parameter upon the
velocity field will be considered. The effect of any parameter, this parameter will be taken in some range, while the
other parameters will kept fixed.

The following results are observed:

1- As & and f increasing there is decreasing in the velocity profile. Figures (2) and (3).

decreasing there is increase in the velocity profile. Figures (4), The ReynoldsfeAs -2
number f# is an important dimensionless parameter defining the laminar or turbulent flow. It is
well known that the thickness of boundary layer is inversely

proportional to the value of He.

1- As %; .¥.v and ¢ decreasing there is increasing in the velocity profile. Figs. (6) ,(8) ,(10) ,and (12).
2- Ashy. Aq .M K andt increasing there is decreasing in the velocity profile. Figure (5),(7), (9) ,(11) and

(13).
Lok JPPTLL R o=1
08 ,/’ — - -
I >
- [I / -
0.6 r ’l
04 P
0.2 :*
0‘2 ‘ 0.‘4
Fig.(2):- the velocity u for different value , keeping other parameters fixed
{ 7, Re 1,K 0.001, 25 2, % 5,2 1, 0.8,t 03, 0.00001,y 01,M 0.1}
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02 0.4 0.6 0.8 1.0

Fig.(3):- the velocity u for different value , keeping other parameters fixed
{ 7, Re 1,K 0.001, 2, 2, & 5,% I, 0.8,t 0.3, 0.00001,y 0.1,M 0.1}
....... e =
0.8 * ==
[ ”,l/ - — -
0.6 [ / 7
[I/
041
02;
0; T 0; T O; T 0; T 1.0
Fig.(4):- the velocity u for different value Re , keeping other parameters fixed
{ 7, 2,K 0.001, & 2, X 5,% 1, 0.8,t 0.3, 0.00001,y 0.1,M 0.1}
2 = e Ay =
'
1.0 Ve
i /
08 /T aeemmm
L / ”,’
0.6 4'1
04 /’
02}
0; T 0; T 0; T 0.8 T 1.0
Fig.(5):- the velocity u for different value &, , keeping other parameters fixed
{ 7, Re 1,K 0.001, 2, Xd 5, 1, 0.8,t 0.3, 0.00001,y 0.1,M 0.1}
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Fig.(6):- the velocity u for different value %; , keeping other parameters fixed
{ 7, Re 1,K 0.001, 2, X 2,% 1, 0.8,t 03, 0.00001,y 0.1,M 0.1}

--------------
_________

. . P
0.2 04 0.6

Fig .(7):- the velocity u for different value 33 , keeping other parameters fixed
(M 0.1,Re 1, t 03, 2, & 2, 0.00001 , 0.8, K 0.001, 7,y 5,
y 01}
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Fig.( 8):- the velocity u for different value ¥, keeping other parameters fixed

{ 7, He 1, K 0.001, 2, & 2,% 1, 08,t 0.3, 0.00001 , &4 5,
M 0.1}
12 F _ < | e M=0.1
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Fig.(9):- the velocity u for different value M, keeping other parameters fixed

{ 7, Re 1,K 0.001, 2, X 2,% 1, 0.8,t 03, 0.00001 , &4 5,y 01}
12 F
LO; "”_ .........
Oﬁi / ”~ -
[ /4
OA; //
024
0; ‘ ‘ OA ‘ ‘ ‘ Og ‘ ‘ ‘ 0; ‘ ‘ ‘ 1.0
Fig.(10):- the velocity u for different value , keeping other parameters fixed
(M 0.1,Re 1,K 0.001, 2, & 2,4 1, 0.8,t 03, 0.00001 , #4 5,

y 0.1}
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02 0.4 0.6

Fig.(11):- the velocity u for different value K , keeping other parameters fixed
(M 0.1,Re 1, 0.00001, 2, X 2, 1, 0.8,t 0.3, 7, 5,y 0.1}

$=0.00001
$=0.00002
___ $=0.00003
02‘ | ‘04‘ | ‘oAa‘ | ‘oAx‘ | ‘1‘0
Fig.(12):- the velocity u for different value , keeping other parameters fixed
(M 0.1,Re 1, t 0.3, 2, X 2,4 1, 0.8, K 0.001, 7, & 5,y 0.1}
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Fig.(13):- the velocity u for different value t , keeping other parameters fixed

7,Re 1, K 0.001, 2, X 2,k I, 0.8, 0.00001,% 5,
y 0.1}
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