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Abstract: In this paper, the general solution is found for the partial differential equations describing the steady plane motion of
incompressible second grade fluid in the presence of unknown body force when vorticity function satisfies the equation. The general
solution of the partial differential equation is obtained using the method of variation of parameters and the method of separation.
The exact solutions are found for the flow equations in which four arbitrary functions are involved. Stream functions are found for
the steady plane flow equation and the corresponding streamline patterns are drawn. The effects of second grade parameter in the
stream function and streamlines patterns are studied and the effect of porosity parameter also discussed for the steady plane motion.
The results are reported for conclusion.
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1 INTRODUCTION

The second grade fluids are the common non-Newtonian viscoelastic fluids in industrial fields, such as polymer solutions. second
grade fluids have been a famous topic of research because of their diverse use in many industrial processes. Various complex fluids
such as oils, polymer melts, different types of drilling mud’s and clay coatings and many emulsions are included in the category of
second grade fluids.

Second grade fluids in porous media exhibit a nonlinear behavior different from that of Newtonian fluids in porous media. The
rheological effects of second grade fluids through porous media occur in a board range of engineering applications, e.g., transport
processes in chemical industry, storage of nuclear waste material, discoveries of the flow of oil in petroleum reservoirs, and food
processing. Interest in the study of second grade fluids has been mainly motivated by their importance in most of the problems arising
from engineering practice and chemical industry. Amongst them, the second grade fluids of differential type have received special
attention from the research scholars.

The problem of finding exact solutions of governing equations of second grade fluids flow present insuperable mathematical
difficulties due to the fact that these are nonlinear. However, researchers using various methods and approaches have determined
exact solutions to flow equations.

Recently, Nameem (2012) presented some new exact solutions to equations governing the plane steady motion of incompressible
second grade fluids in the presence of unknown body force for prescribed vorticity distribution. And this work is extended for the
study of the effects of porosity for the steady plane motion.

2 MATHEMATICAL FORMULATION OF THE PROBLEM

The basic equations describing the flow of a viscous incompressible second grade fluid in the presence of body force, neglecting
thermal effects are

The basic equations describing the flow of a viscous incompressible second grade fluid in the presence of body force, neglecting
thermal effects are

divi =0 (3.1.1)

divlT + of = pV (3.1.2)
And the constitutive equation for the Cauchy stress T is

T =—pl+ pdy + oy Ay +ar 4, (3.1.3)

Here V is the velocity vector, # is the density, Iis the body force per unit mass, p is the dynamic pressure, # is the coefficient of

dynamic viscosity and 4 & 4re the normal-stress moduli. Rivlin-Ericksen tensors 41and 42 are given by
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A, = (V) +(vNT, (.1.4)
Ay = A + (VT 4y + 4, (V).
And h is the generalized function for steady plane flows defined by

h :p+lp(u2 +v2)—a1(uV2u+vV2v)
12 (3.15)
—2(3(11 +20¢2)(4u)c2 +4vy2 +2uy, +vx)2

and differentiate the above equations with respect to x & y to obtain the flow equations

hy =—pror - po, +a Wi o+ o), (3.1.6)
2
h, =—puw+ po, + auV- o+ pf;, 3.1.7)
where S 12 are the force components.

The equations of continuity of an incompressible fluid given below

uy +v, =0, (3.1.8)

0=y, —u (3.1.9)

¥
and @ is the vorticity function.

Equation (3.1.8) implies the existence of the stream function ¥ such that

U=y, v=—y,. (3.1.10)
Inserting equation (3.1.10) into equations (3.1.6-3.1.9), to obtain the solution for

w=-Vy, (3.1.11)

hy =—py,0-uw, +a1y/xV2a)+Fl (3.1.12)
2

hy =—py, 0+ po, +ay V-o+F, (3.1.13)

where F=pfi.F5=pf,. (3.1.14)

Once a solution of equations (3.1.11-3.1.13) is determined, the velocity components and the pressure p are determined employing
equations (3.1.10) and (3.1.5), respectively.

2.1 General Solution of the Existence Stream Function

The general solution of equations (3.1.11-3.1.13) for the flows characterized by the equation

aVio-po=2 (3.2.1)
Where Z=G(x)+M(y) (3.2.2)
in equation (3.2.2), the functions G(x) and M(y) are arbitrary and substituting the value of w is

o= A(x)+ B(y) (3.2.3)
equation (3.2.1) divides by %!
Vio- £ 0=
) a)
(3.2.4)

In this equation (3.2.1), to obtain the solution substituting

£ _ } and the value of ® in (3.2.4)
a)

A0+ B'(5) -2 (A(x) + B(y) = ZM D)
a [24]
A"(x)+B"(y) - A(A(x) + B(y)) = %M(y)
: (3.2.5)

And add and subtract a separation constant %o in (3.2.5)

A'(x)+B"(y) - AA(x) + B(y)) =?+ﬂo _,10+M

| 2
(3.2.6)
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Separate the variable x and y in equation (3.2.6)

A'(x) = 2A(x) = 29 + 2 (3.2.7)
1
" M
B0~ 28(y) =~z + 22 (3.2.8)
1
=L
where @1 s separation constant
Now consider applying method of variation of parameters on equations (3.2.7)
A= AA(x) = 29 + 22
a
Consider auxiliary equation of equation (3.2.7)
m*—1=0
=>m= ir\/z
A(x)= Cle‘/zx + Cze_‘/zx (32.9)

using variation parameter method formula to find particular integral of (3.2.7). The formula for particular integral is

Y= J'—yzg(x) det 18(%) dx

@(y1,¥2) 2J oy, v2) (3.2.10)

&(y1,32) = V1V —V1V2 (3.2.11)
and )y, y, are auxiliary solutions of (3.2.9)

oV

where y; = eﬁx vy = its getfrom (3.2.9)  y;, ¥, andto get substitutehisin equations

anddifferentiate with respect tox the valueof (3.2.11) to obtain

0)()/1 ,,\/2) =
\/Zx(_ ﬁe—ﬂx)_ﬁeﬁxe—ﬂx
\
I
a)(yl,yZ):_zﬁ (3212)
andtoknowthat y = 4, + @from (3.2.7)
* Now consider the particular integral and substitute the values of equations (3.2.11) and
(3.2.7) in (3.2.10)
v, = j —v28(%) , ng) .
o(y1,¥2) @(y1,52)
—ax

Yp = ‘FXJ‘ = [20+G( )Jd +

—ax
e_ﬂxj. i A [ﬂo + G(x) de

v, = 2J_ ( G(x)j gy

G | Vax
A dx (3.2.13)
2J_ ( o j
y =CJ+Plis (add the equations (3.2.9) + (3.2.13))
(10 " G(")] 2 gy

A(x) = clefucze —ax

G(x) Jax
A dx
2J_ [ o ]

Similarly applying method of Varlation of parameters on equations (3.2.8) is

‘/_

(3.2.14)
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B'(y)~ AB(y) = g + ")

[04
The auxiliary equation of (3.2.8) is 1
m?—2=0
m= i\/z
B =Cse!™ + CpeM (3.2.15)
Now consider t he particular integral equations  answerobtainfrom (3.2.15) anddifferentite ¥ = \/Ieﬁy;y'z - _\/}eﬂ/;y substitutehis in
of (3.2.10), where y, = VA, yy = e~V the with respect toy thevalueof y,y, equations(3.2.11) to get
a(y,yy) =
eﬁy (_‘/}e—ﬂy)_‘/}eﬁye—ﬁy
S
001, v2) =22 (3.2.16)

=2 + 9 its obtainfrom (3.2.8)
a;

2y iy
[ m) ()
y,=e j —Zﬁ ( Ao + a de+ Yp Zﬁ ( Ao + o Je dy

iy 2y
iy [e L m(y) e L m)) iy
¢ I_m[ ot }’y Wi [ ot ] v
(3.2.17)

Now B(y) =C. I+P.I (add 3.2.15 + 3.2.16)
iy
B(y)= C3e\/;y +C4e_‘/zy +e_j iy M(y) e_ﬁydy—
Wi o
(3.2.18)
e’ﬂy

Tl MW
2\/;-.‘( Yot o je ydy

GG, G &Cy e arbitrary constants.

where

Equation (3.1.11) utilizing equation (3.2.13) and applying method of separation of variables provides. Now considering equation
(3.1.11) and substitute in (3.2.13) to obtain

W= —sz//
2 2
A+ B = LY Y
dx dy

(3.2.19)
Add and subtract 4 in (3.2.19)

2 2
AW+ 2y 4+ B =- LY LY
dx dy
(3.2.20)
Now separate variables of x and y in (3.2.20)
2
A + 4y = —d—g’
dx (3.2.21)
d2
hBO)=-= %
Y (3.2.22)

Considering the variable of x in equations (3.2.21)
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2
_ d_‘g’ = A(X) -4
dx
2
AV () + Ay)dx
dx

Integrate with respect to x from the above equations

v _ —.[A(x)dx-v— Ax+ 2y
dx (3.2.23)
Again ingrate with respect to x the equation (3.2.23)

2
w= 7‘H‘A(x)dxdx+ LSNP (3224)

Now considering the variable of y in equation (3.2.22)

i
Yp = 2\/—y [ﬂo m(y)J gy -

ei\/iy [— Ao + MJe‘/zydy

Zﬂ a

(3.2.17)
Now B(y) =C.I+P.I (add 3.2.15 + 3.2.16)

Jiy
B(y):c3eﬁy+c4e‘ﬁy+e2—ﬁj[ jo+ M ” j g, -
-y
¢ Viy
s -[( e j @

Equation (3.1.11) utilizing equation (3.2.13) and applying method of separation of variables provides. Now considering equation
(3.1.11) and substitute in (3.2.13) to obtain

(3.2.18)

where C;,C,,C;5 & C, are arbitrary constants.

w:—sz//

A(x)+B(y)=—B‘§’ j‘;’}
Y

(3.2.19)
Add and subtract 4;in (3.2.19)
d*y d*
A+ 4y =2+ B(y) = -2 -2
dx dy
(3.2.20)
Now separate variables of x and y in (3.2.20)
2
A(X) + A = —d—‘g’
dx (3.2.21)
42
— 2 +B(y)=-=L
dy
(3.2.22)
Considering the variable of x in equations (3.2.21)
2
— d_y/ = A(x)- 4
dx?
d 2(//
—— = (—A(x)+ A4)dx
dx

Integrate with respect to x from the above equations c;—l// = —I A(x)dx+ A x+ Ay
X

(3.2.23)
Again ingrate with respect to x the equation (3.2.23)
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A 2
w= —”A(x)dxdx+ 1; +Apx + A (3.2.24)

Now considering the variable of y in equation (3.2.22)

d2
- =B+ 4
dy
2
LY by
dy
dzt//

—— =B - A)dy
dy
Integrate with respect to y the above equations

d
S [BO)dy =y 25
Y (3.2.25)

Again Integrate with respect to y the above equation

Z] 2
I; + 4y + s

v =-| [ By

(3.2.26)
Now adding the equations (3.2.24) + (3.2.26)

W= %(x2 V)t dpxt /14y—” A(x)dxdx

- J' B()dydy+ s + s
(3.2.27)
where 4;, 4, , 43, 44 and Asare arbitrary real constants.

2.2 General Solution of Force Components

In order to determine force components Y and f2 , And insert equations (3.2.1-3.2.3, 3.2.27) in equations (3.1.12) and (3.1.13) to obtain general
solution of force components.
Now consider the equation (3.1.12)

hy =—py,0— uo, +ay v o+ F
[+ @ = A(x) + B(x)]
=—B'()u+(awy,V:o-py.o) + R
[+ @, = B'(y), 0, = 4'()] =—pB'()+ v (V0- po)+ F
[ Vo - po=G(x)+M(y)]
Substitutethe valueof y, from(3.2.23) in the

aboveequationobtain

h, =—uB'(y)+ (llx + A, - .[A(x)dxj

[Geo)+ M(»)]+F
(3.3.1)
hy ==B'(»)+ (33.2)
where Fl* = (ﬂlx +4 —JA(x)dx) [G(x) + M(y)]+ A (3.3.3)

Now consider (3.1.13)
hy, =—py,0+ uw, +all//yV2w+F2 [ = A(x)+ B(x)]
= pd'(x) +y (V>0 - pa) + F
[ @), = B'(y),0, = 4'(x)]

Substitutethe valueof y/,, from(3.2.25) in

theaboveequation b get thesolutionfory

© JGRMA 2014, All Rights Reserved 6
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Now consider equation (3.3.2)

hy =t @)+ + 24~ [ By

[G)+ M)+ F
(3.3.4)
[ Vo — po=G(x)+M(y)]

hy = pd' () +Fy” (3.3.5)
where F," = (ﬂly + A4 - IB(y)dJ)j [G(x)+ M)+ F

(3.3.6)

he =—uB'(y)+F*

differentiate with respect to y the above equation

Now consider equation (3.3.5) is

hy ==uB"(M)+F"y (3:3.7)

hy = pA'(x)+F,".

differentiate with respect to x the above equation

hy, =h
Applying inerrability condition ~* ¥ on equations (3.3.7) and (3.3.8) to get

Differentiate with respect to y the above equation

and again substitute

Differentiate equation (3.3.12) with respect to x

A =h

hyy = pd"(x)+ Fy "« (3.3.8)

—,UB”(,V)+Fl*y :;UA”(X)"'FZ*X (3.3.9)

Now substitute F,* = Dy (x)+D,(») (3.3.10)

'y =D5(y) (3.3.11)

F," = Dy(x) +D4 () (3.3.12)
Fy)'x = Di(x)

Put "y and F"y values in (3.3.9)

—HB"(y)+ D) () = pA"(x) + D5 (x) = d
(3.3.14)
Now separate the variable y in (3.5.14)

—HB"(y)+ D5 (y)=d,
D5 (y) = uB"(y) +d, (3.3.15)

Integrate equation (3.3.15) with respect to 'y

Dy(y)=pB'(y)+diy+d, (3.3.16)
Now consider x variable in (3.3.14)
wA"(x) + D3(x) = d; (3.3.17)
Integrate equation (3.3.17) with respect to x
Ds(x)=—pA'(x)+dx +d; (3.3.18)
d R da and d3 are arbitrary real constant.

Now considering the force components equation (3.1.14)

F=ph

Consider (3.3.3) to obtain the value of F‘

(33.13)

=K - (%X +A; - I A(x)dxj(G(x) + M (y)) Substitute equation (3.3.10) and (3.3.16) in above

equation

o = 2+ 1y = [ Ao 25,0+ Dy )+ ')

Now considering the force components equation (3.1.14)

Consider (3.3.6) to get the value of F2

© JGRMA 2014, All Rights Reserved
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o= = F5" A+ 24 - [BIay)

(G(x)+M(y))
Substitute equation (3.3.12) and (3.3.18) in above equation

of = —(— A+ Ay —jB(y)dy)z(x,y>+

Dy(y)— pA'(x)+dyx +ds
(3.3.20)

dy,d,,d;,

The equations (3.3.19) and (3.3.20) are general solutions of the force components where dy are real constants.

2.3  General Solution of Steady Plane Flow

Consider equation (3.3.2)

hy =—pB'(y)+ K
Substitute equation (3.3.10) in the above equation

he =48 (y) + Dy (x) + D ()
Substitute the equation (3.3.16) in the above equation

(3.4.1)

he = —4B'(y) + Dy () + 1B'() + dyy +
hy =Dy(x)+d\y+d,

3.4.2)
Integrate equation (3.4.2) with respect to x
h:le(x)dx+d1yx+d2x (3.4.3)
Now consider equation (3.3.5)
hy = pd' () + B’
Substitute equation (3.3.12) in the above equation and get
h, =pAd'(y)+D +D
y = 1A' (y) + D3(x) + Dy (y) (.44)

Substitute the equation (3.3.18) in the above equation

hy = A (x) + Dy (x) + pd' () + dyx + dy
hy = D4(y)+d1x+d3

(34.5)
Integrate equation (3.4.5) with respect to y
h:ID4(y)dy+d1xy+d3y (3.4.6)
Now adding the equations (3.4.3) + (3.4.6)
h:JDl(x)dx+JD4(y)dy+ dixy+dyx+dsy+dy (3.4.7)

where d 4 is an arbitrary real constant, and D; (x) , D4 () are arbitrary functions. The pressure p can easily be determined through equation (3.1.5)
employing equation (3.4.7).

The general solution to equations (3.1.6-3.1.9) is
V= %(x2 - y2) + A x+ A4y — J.J. A(x)dxdx—

[[ Boray 25425
(3.438)
= Ay + Ay — I B(y)dy (3.4.9)

V= —Ax+ A —IA(x)dx (3.4.10)

© JGRMA 2014, All Rights Reserved 8
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e —(ﬂlmz - A(x)dx)z(x, )4 Dy ()4 4B)

(3.4.11)
+d1y+d2
oy =~y + 24 = [ B e+ Dy 09 -
pA' (x)+dx +ds
(3.4.12)

h= J.Dl(x)dx+ J.D4(y)dy+ dixy+dyx

+d 3y + d 4
(3.4.13) where A(x) and B(y) are given by equations (3.2.7) and (3.2.8), respectively.

2.4  Special Cases of the General Solutions of Stream Functions

The general solution of equations describing the steady plane flows of incompressible second grade fluids in the presence of unknown
body force is determined when vorticity function @ satisfies the partial differential equation in equation (3.2.1). The general solution contains

four arbitrary functions G(x), M(y), D;(x)and D,(y). The arbitrariness of these four functions indicates that an infinite set of exact solutions can

be generated for flow equations (3.1.6-3.1.9). and constructed some stream functions y for some forms of the functions G(x) and M(y)
These stream functions ¥/ are

1. For G(x)=n, M(y)=m
v :ﬁ1x2 —ﬂ2y2 +12x+/14y—%(C1e‘/zx +Cze_ﬁxj

—%(Qeﬁy +c4e*ﬂy)+ﬂ3

2. For G(x)=nx, M(y)=my

(3.5.1)

l//:ﬂ4x2 _ﬂSyz +12x+ﬂ4y—%(cleﬁx +C2€_\/Ix)

1 (3.5.2)
+ o’ =y’ —;(Qeﬁy +C4e*ﬁy)+ﬂ3
G(x) = nycos(yx +ny),
For
M(y) =nmy Cos(mzy + m3)
14 :ﬂgxz —ﬁgyz +/12x+ﬂ4y_%(cleﬁx +C267‘/Zx)
— o cos(yx+n3)— iy cos@yx+mz)— (3.5.3)

%(Qeﬁy + C4e_ﬁy)+ 5
where the parameter B, 55,55, B4, s, Ps» P71, Ps-Bo» P are given in appendix.

2.5 Stream Lines in the Porous Medium

Now let us consider the constant parameter having the porous characteristics to design the stream lines in the porous medium.

1.Considering the equation (3.5.1, 3.5.2 & 3.5.3) in this substitute the values of the parameter for 1, = % , Ay =—.

u v
y/:ﬂlxz —,Bzyz +PX+PJ/—

%(Cleﬁx +C2€_\/ij—%[c:;€ﬁy +C4e_‘/zy)+ﬂ3

3.6.1)
1
v =B’ - Bsyt + %x + %y —E(Cleﬂx + Czefﬂxj +
{ (3.6.2)
P’ - 1y’ - ;(Qeﬂy + C4€_ﬁ’v) +5
y =’ - By’ +£X+Ly—l(cleﬁx + Cze_ﬁx)
Y )
— Py cos(myx +n3) = P cos(myx + mz) —

1 iy iy
— C ) C )
i( o e )% (3.63)

Where permeability coefficient is ¥ ", u,vare velocity components along the x direction and y direction.

© JGRMA 2014, All Rights Reserved 9
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1

2. Now substitute the values of the parameter A, = L Ay = o in (3.5.1, 3.5.2 & 3.5.3) if permeability condition is increase and neglecting the

K’
velocity u, v.

1 1
y/:ﬂlxz—ﬂzy2 Xty
k k

%(cleﬂx + cze*ﬁX) (3.64)
- %(C}@ﬁ’v + C4€j/1y)+ﬂ3

1 1
X2 - +—x+
v = Bx’ - Py’ oty

- %(Cle‘/zx + Cze_\/zxj

§fe— By —%(caeﬁy + cw”) 'y

(3.6.5)

1 1
x° - +—x+—y-—
V= ﬂs ,58)’ k’ k’y

1 .x Ax
z(cleﬂ f j ﬂg COS(H2X+}13)

3.Now consider the parameter
- ﬂlo COS(I’nzx + m3) - —(C3€fy + C e fy)

+ By (3.6.6)

Ay _ hKF and 2, = hKF

EKm eKpm

where K5 is fracture permeability and K), is matrix permeability substitute in (3.5.1, 3.5.2 & 3.5.3)

2 2 hKfp hKr

y=Bx" =Pyt ——x+——y-

| b ey e K
l( +C2€ \/Zx)_
A
l( *Fy+cefy) B
A

(3.6.7)

2 2  hKfp hKr
= o’ poy? e IKE MK
EKm EKm

%(Cleﬁx +C2€_\/Zx)

+fex> = pry° —%(Qe‘ﬁy + C4e_ﬁyj+ﬂ3 (3.6.8)

K K
ﬂsx _ﬂy +h F » h_Fy_
KM EK M

Z(Cleﬂx + Czeiﬁx)
— Py cos(yx +n3) — Bigcos(myx + m3)

- %(Qeﬁy + C4e_ﬁyj s

(3.6.9)

3 RESULTS AND DISCUSSION

The stream lines for this stream function y are presented through figures (1-32).

Figure (1-10) depict stream lines for the stream function ¥ given by equation (3.5.1) for various values of the parameters therein. It
is observe that streamlines are closed curves as long as the quadratic terms dominate other terms. Figures (1-3) show the effect on the

streamlines due to the change in the value of parameter B for fixed values of other parameters. Figures (1) and (4) show the effect

on the streamlines due to change in the values of the parameters A and B for fixed values of the other parameters. Figure (2) and (3)
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illustrate the influence of the parameter ! on the streamlines patterns. Figures (6) and (7) indicates the effect on streamlines due to
change in the value of parameter B figures (8-10) depict the nature of streamlines for various values of the parameters.

Figures (11-16) represent streamlines for the stream function ¥ in equation (3.5.2) for various values of the parameters in equation
(3.5.2). The effect of various values of the parameters on streamlines is obvious for the figures.

Figures (17-23) represent the nature of stream lines for the stream function¥ in equation (3.5.3). Figure (17) and (18) depict change
in the stream lines due to change in the value of for fixed values of ¥ the other parameters. Figures (18) and (19) indicate the influence

of the parameter G, Figures (20-23) show the effect of the parameter Ao on the stream lines for fixed value of other parameters.

Figure (23) indicates the effect of the parameters C3.C4. By and Bio on the streamlines in figure (22) for fixed values of the other

parameters.

Figure (24-26) represent the streamlines for the equations (3.6.1 — 3.6.3) where the parameter A, and 4, having the characteristics of

permeability. And the value of permeability coefficient is k' <0.6.

Figure (27-29) represent the stream lines of the equations (3.6.4 — 3.6..6) when neglecting the fluid velocity. And the value of

permeability coefficient is k' <0.6,

1, = 1KE 1, = 1KE
Figure (30-32) indicates the stream lines of the equations (3.6.7 — 3.6.9). When the parameter ¢KM and ¢KMm

F=10° Ky =1, £=10* andh =

where Kp

is fracture permeability and K, is matrix permeability. And the values of permeability K 10" que to

the fracture permeability figure (30-32) does not having stream lines.

3.1 STREAMLINES PATTERN FOR STEADY PLANE FLOW

Figure 1: B1=5.186, B>=3.186, Ps=128, h=6, ha=2, A=4, C1=C2=C3=Ca= 1

Figure 2: B1=5.186, B2=3.186, B3=6, h2=6, A4=2, A=4, C1=C2=C3=C4= 1

© JGRMA 2014, All Rights Reserved 11
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Figure 6: $1=5.186, B=3.186, B3=28, 12=6, =2, A=4,C1= C>= 1, C3= C4=-1

© JGRMA 2014, All Rights Reserved
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Figure 9: Bi=5.186, B>=3.186, B5=28, h2=6, Ma=28, A=4, C1=C2=1, C3=Ca= -1
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Figure 11: Streamlines pattern for B3 = 15, B4 = 35,

Bs =12, Bs =12, p7=35, A =4, ko= 6, M=15, C1=38,
Co=12,Cs=16,Cs =24

Figure 12: Streamlines pattern for B3 = 15, Ba = 32,

Bs=2,P6=12,B7=35,A=4, =6,
M =-35,C1=8,C=12,Cs= 16, C4 =24

© JGRMA 2014, All Rights Reserved 14
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Figure 13: Streamlines pattern for 3= 15, 4= 12,

Bs=12,Bs=12,B7=3,L=4,22=6, la =6,
C1=8,C2=12, Cs= 16, Ca= -24

0.8 T T T T T T T

0.4

-0.8 -0.6 -0.4 -0.2 (o] 0.2 0.4 0.6 0.8

Figure 14: Streamlines pattern for B3 = 15, fa= 5,

Bs = 12, Be= 12, Br= 43, L = 144, %2 = 6,
M=46,C1=2% C2=3A,C3=-4L1,Ca=-6A.

Figure 15: Streamlines pattern for B3 = 15, B4 =5,

Bs=12,Bs=12,B7=43,A=1,02=2,4=70,C1 =2,
C2=3,C3=-4,Cs=-6.
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2

3 I3 r r r I3 r

Figure 16: Streamlines pattern for 3 = 15, B4 = 120,

Bs =150, Bs =12, B7=35,A=4,2=06,
M=75,C1=8,C2=12,Cs= 16, C4=24.

Figure 17: Streamlines pattern for 3= 15, Bs = 10,

Bo =-120, Bio =-400, A =36, 2= 15,
M=19,C1=8AC2=9A,C3=-42A,Cs=-43 A, m2=7,m13=9, m2=6, m3 =7

1 T T T T T T T T T

Figure 18: Streamlines pattern for B3 = 15, Bz = 10,

Bo =-120, Bio =-400, L =36, 2 =15,
M=19,Ci1=8NC2=9A,C3=-42A,Cs=-43 A m=7,n3=2, m2=6, mz = 7.
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M=19,C1=8A% C2=9X,C3=-62A,Cs=-43Am=7,m3=2,m=6,ms=7.

Figure 19: Streamlines pattern for B3 = 15, fs= 10,

Bo =-120, Bio=- 400, A = 36, A= 15,

Figure 20: Streamlines pattern for B3 = 15, Bs = 10,

Bo=-120, f1o=-900, A =36, 1> = 15,

M=19,Ci1=8AC2=9AC=-2ACs=-43 A m=7,m3=2, m=6m3="7.

1.5

0.5~

Bo=-720, Bro=- 1000, L =36, k> = 15,

© JGRMA 2014, All Rights Reserved
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Figure 21: Streamlines pattern for B3 = 15, Bs = 10,

M=19,C1=8AC2=9A,C3=-2A,Cs=-43A, m=7,m3=2, m=6,m3=7.
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Figure 22: Streamlines pattern for B3 = 15, Bs = 10,
Bo =-720, B1o=- 1900, L =36, A2 =15, M=19,Ci=8% C2=9A,C3=-2%,Cs=-43A, m=7,m3=2, m2=6, m3=7.
1.5 . . : : :
l 4
0.5 4
o 4
-0.5+~ -
A 4
15 : . . . .
4.5 -1 0.5 0 0.5 1 1.5

Figure 23: Streamlines pattern for B3 = 15, Bs = 10,
Bo=-920, io=-1200,A=36,h2=15 M=19,C1=8A, C2=9A,Cs=-64A,Cs=-4Am=7,m3=2,m2=6, m3="7.

STREAMLINES PATTERN FOR POROUS PLANE

4 T T T T T T T

Figure 24: B1=5.186, B:=3.186, ps=128, k’=0.6, u=5, v=5, A=4, C1=C2=C3=Cs= |

© JGRMA 2014, All Rights Reserved 18
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-3 2 -1 [ 1 2 3

Figure 25: Streamlines pattern for 3 = 15, B4 = 35,
Bs =12, Be =12, B7=35,1=4,k’=0.6, u=v=5,Ci=8, Co=12, C3=16, C+ =24

1.5 T T T T T T T T T

Figure 26: Streamlines pattern for B3 = 15, Bs = 10,

Bo =-120, B1o=-900, A =36, u=v=5,k’=0.6, C1 =8 A, C2=9 A, C3=-2 A, C4=-43 A, m2=7,m3=2, m2=6, m3 = 7.

i

Figure 28: Streamlines pattern for f3 = 15, p4 = 35,

Bs =12, Bs =12, 7 =35, =4, k’=0.6,
Ci=8, Co= 12, C3= 16, C4 =24
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Figure 29: Streamlines pattern for 3 = 15, fs = 10,

Bo = -120, P10 = - 900, & = 36, k’=0.6,

v Ci1=8A,C2=9A,C3=-2L, Cs=-43 A, n2="7, Some stream line patterns are studied for the second-grade fluid in the presence of body
force, neglecting the thermal effects.

m=2,m=6m3=7.

!
a

Figure 31: Streamlines pattern for 3 = 15, B4 = 35,
Bs =12, Bs =12, 7 =35, 1 =4, h=10,

kr=103km=1,e=10" Ci=8, C.=12, C3= 16,
Cs=24

© JGRMA 2014, All Rights Reserved 20
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Figure 32: Streamlines pattern for B3 = 15, fs = 10,

Bo =-120, B1o=- 900, L = 36, h=10,
kr=10% km=1,£€=10% C1=8A, C2=9A,C3=-21,Cs=-43 0, m2=7,n3=2,m> =6,
m3 =7.

4 ONCLUSION

v
v

The effect of various second grade parameters on flow pattern is studied. It is found that the stream line patterns are evenly spaced to
indicate the steady flow region.

The effect of porosity parameter in the flow pattern is also discussed. It is shown that the streamlines inside the porous region are always
parallel to the main flow direction regardless of the blockage ratio. If the values of porosity parameter are decreased on the steady plane
flow the stream line pattern becomes negligible.

APPENDIX
. B :l(ll-r@-rij
2 P P
2. B, =1[,11 cHo o m ]
2 P Py
3. ﬁ3 213 +ﬂ/5
1 A
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1 A
5. ==|iy-22
Bs 2( 175 ]
6. Po="
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m
7. Br=—
Y
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¢
11. 5=\ pi
12. y=6a,5
13. n =a12n22(n22 +1)
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