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Abstract

The aim of the present paper is to study the effect of MHD flows due to second grade fluid
over a rotating porous disk .The nonlinear problem is solved analytically using Laplace
transform technique and inverse Laplace transform techniques. The effects of all the
parameters on the flow are carefully examined. The graphical result are found using
MATLAB. It is observed that increase of second grade parameter causes an increase in the
boundary layer thickness and it is clearly examined that an increase of the magnetic parameter
results the decrease in the boundary layer thickness. It is also found that real and imaginary
part of velocity profiles first decreased and then increased by increasing the second grade
parameter.

Keywords: Second grade parameter, Magnetic parameter, Porosity parameter.
INTRODUCTION

The theoretical study of the flow near a rotating disk of infinite extent can be traced back to Von Karma’s
similarity analysis. That is why the flow is widely known as Von karman’s flow. He assumed that the flow
possessed axial symmetry, and introduced a similarity transformation which reduced the Navier — Stokes
equation into a system of coupled nonlinear ordinary differential equations. These equations have been used as

a test problem for numerical methods and in the study of matched asymptotic expansions. This problem has
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received considerable attention over the years and different extensions of Von Karman’s swirling flow problem
have been made to address various applications, for instance Benton (1966); Kuiken (1971); Riley (1964);
Sahoo (2009); Ariel (2003);

The viscous laminar flow between porous disks has recently been studied by several authors. Elkouh (1969)
have obtained the solutions of laminar flow between non-rotating and rotating porous disks with equal
suction/injection through porous discs. Gaur (1972) has discussed the viscous incompressible fluid flow
between two infinite porous rotating discs. Narayana (1972) has considered the steady flow of a Newtonian
fluid between two infinite parallel discs when one disc (upper) is rotating and other disc (lower) is at rest with
uniform suction at the stationary disc. Rudraiah et. al. (1974) has studied a singular perturbation problem of
non — Newtonian fluid flow between porous discs. Rudraiah et. al. (1974) obtained the solutions for both small
and large values of cross-flow Reynolds number by regular perturbation and matched asymptotic expansions
technique, respectively. Sacheti and Bhatt (1975) have discussed the steady laminar flow of a non Newtonian

fluid with suction / injection through disks and heat transfer through parallel disks.

However, the possibility of an exact solution for the flow due to a rotating disk in a fluid which is at infinity
and its rotating disk in a fluid which is at infinity and is rotating rigidly has been implied by Berker (1982).
Parter and Rajagopal (1984) have established the existence solutions which do not possess axial symmetry, to
the Navier—Stokes equations for the problem governing the flow of infinite disks rotating about a common
axis. Based on that work, Huilgol & Rajagopal (1987) have shown that in the case of certain non-Newtonian
fluid models, solutions that lack axisymmetry are possible. Recently, Turkyilmazoglu (2009) has obtained
exact solutions to the Navier — Stokes for the swirling flow problem in such a way that the physical quantities

are allowed to develop non-axisymmetrically over a rotating disk.

It is a well-known fact that the Navier — Stokes equations seem to be a weak model for a class of real fluids,
called non- Newtonian fluid. During the last few decades, considerable efforts have been developed to the
study of flow on non — Newtonian fluids because of their technological applications. A vast amount of
literature is now available for the flow problems associated with non Newtonian fluids in a variety of
situations. One important and simple model of non-Newtonian fluids for which one can reasonably hope to
obtain analytical solutions is the second grade fluid. The study of fluid flowing between parallel porous / non —

porous disks is of practical importance in the design of thrust bearings, radial diffusers, etc.

Magnetohydrodynamics (MHD) is an academic discipline, which studies the dynamic behaviours of the
interaction between magnetic fields and electrically conducting fluids. Examples of such fluids are numerous
including plasmas, liquid metals, and salt water or electrolytes. The MHD flow is encountered in a variety of
applications such as MHD power generators, MHD pumps, MHD accelerators, and MHD flow meters and it

can also be expanded into various industrial uses.
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During the past decades, a great deal of papers in literatures used a combination of Navier — Stokes equations
and Maxwell’s equations to describe the MHD flow of the Newtonian and electrically conducting fluid. Sayed-
Ahmed and Attia (1998) studied the unsteady Couette flow and heat transfer of a dusty conducting fluid
between two parallel plates with variable viscosity and electrical conductivity. Osalusi et. al. (2007) solved
unsteady MHD and slip over a porous rotating disk in the presence of Hall and ion- slip currents a shooting
method.

However, the Newtonian fluid is the simplest to be solved and its application is very limited. In practice, many
complex fluids such as blood, suspension fluids, certain oils, greases, and polymer solutions, elastomers, and

many emulsions have been treated as non —Newtonian fluids.

From the literature, the non — Newtonian fluids principally classified on the basis of their behaviour in shear. A
fluid with a linear relationship between the shear stress and the shear rate, giving rise a constant viscosity, is
always characterized to be a Newtonian fluid. Based on the knowledge of solutions to Newtonian fluid, the
different fluids can be extended, such as Maxwell fluids, Voigt fluids, Oldroyd — B fluid, Rivlin — Ericsen
fluids, and power-law fluids.

Based upon the previous studies, this chapter is extended for the flow characteristics of the MHD flow of
second grade fluid. MHD flow due to eccentric rotations of a porous disk and an oscillating second grade fluid
at infinity is studied when the disk and the fluid at infinity rotate with same angular velocity. The effects of
material parameter of second grade fluid on the velocity profiles are discussed. The effects of all the

parameters on the flow are carefully examined. The results which have found are reported for conclusion.
MATHEMATICAL FORMULATION

The flow of an incompressible second grade fluid, neglecting thermal effects and body forces is given by

divv=0
p% = divT

Where the Cauchy stress tensor T in an incompressible and Rivlin — Ericsen fluid of second grade is related to

the fluid motion in the following manner (Rivlin and Ericksen

T = _pI + ,LlAl + alAz + a’zA%
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A; = (gradV) + (gradV)T
A, = %Al — A, (gradV) + (gradV)TA;

Here V is the velocity vector field, p is the fluid pressure, p the constant fluid density, u the constant

coefficient of viscosity, % the material time derivative and a; and a, the normal stress moduli.

According to Dunn and Fosdick the second grade fluid model is compatible with thermodynamics when the
Helmholtz free energy of the fluid is minimum for the fluid in equilibrium. The fluid model then has general
and pleasant roundedness and stability properties. The Clausius — Duhem inequality and the assumption that

the Helmholtz free energy is minimum in equilibrium provided the following restrictions

MZO, (llZO, O(1+O(2=0
Here the flow is dealt with second grade fluid flow, the strict inequality holds true.
Fosdick and Rajagopal (1979) have shown that when o, < 0, the fluid exhibits anomalous behaviour that is

incompatible with any fluid of rheological interest, and so results in a fluid that is unstable.

Here, an electrically conducting second grade fluid occupying a space z > 0 in contact with an infinite
porous disk at z = 0 is considered. The axis of rotation of the disk and that of the fluid at infinity are assumed
to be in the plane x = 0. The distance between the axes is being considered as I. The porous disk and the fluid

at infinity are initially rotating about the z* — axis with the same angular velocityQ . Attime  t =0, suddenly

the disk and the fluid at infinity starts rotation about the z — axis with angular velocity Q2. Additionally it is
assumed that the fluid at infinity oscillates with frequency k. The fluid is electrically conducting by a magnetic

field Bo applied transversely to the flow.

Since the derivation of equation for the flow of an incompressible fluid when porous boundary and fluid

exhibit a state of non-coaxial rotation, the velocity field for such a motion is defined by Erdogan (1997) as

u = —-Qy+f(zt), v=Qx+g(zt)
along with the initial and boundary conditions are of the form

u = —Qy, v = Qx, asz=0,t> 0,
u=-Qy+ Qlcoskt, v=Qx,asz—-o00,t>0
u=-Qy+ Ql, v=Qx, at z>0 t=0 (5.5)

which along with equation V.V = 0 yields for uniform porosity that

W= —w, where w, >
Ocorresponds to the uniform suction velocity and wy < 0 indicates the blowing.
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Making use of equation (5.4) in (5.2) and eliminating the pressure from the resulting equations give

u _O°F (_- &)ﬂ_& F _ o \p _ OF OF _ (. | Ny .
p6z26t+ v IQp 0z p W05 (N1+1Q)F T Woy, = 1+Q coskt + ksinkt

With the following boundary and initial conditions
f(0,t) =0,g(0,t) =0
f(oo,t) = Ql coskt, g(oo,t) =0

f(z,0) =Ql,g(z0) =0

f . 8
F(Z,t):a-Fla .

introducing
&= ZQ—VZ, T =0t czg, nz%, Ez%,

a= alv V= E,

Equation (5.7) and conditions (5.8) become
d3F 03F _ _0°F _OF oF _ _ _
aazz pri ae PIE + (1 —ia ﬁ — ZE+ 266—2— (n+i)F = —2(i + n)cosct + 2csinct
(5.10)

F(0,T) = 0,F(oo,t) = cosct, F(§,0) = 1
writing
F(0,T) = HE t)e " (5.12)

The problem containing equations (5.10) and (5.11) become

03H d3H 0*H JH JH . .
— R 1 —2iad)— — 2— 4+ 2e— — 2nH = —(i X i(1+o)t i(1—-o)r
e o Qe I + ( ia) oe e + 2e 3 n (i+n)X]|e + e |

(0

—(i + n) X [ei(l-l-C)‘t + ei(l—C)‘E]

_ic[ei(1+c)‘t _ ei(l—c)‘t] (5.13)
H(0,7) = 0,
171 i(1—
H(eo,7) = - [e!1+9)T 4 101797, (5.14)

JETIR2305B76 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1529


http://www.jetir.org/

© 2023 JETIR May 2023, Volume 10, Issue 5 www.jetir.org (ISSN-2349-5162)

H(E,0) =1,

In order to find the solution of equations (5.13) and (5.14), the Laplace transform pair can be written as
H =J H(z,t) e stdt, s> 0,
0
_ 1 r®g st
H=_— J, H(z s)e%ds (5.15)

In transformed s- plane, the problem becomes

ed3H (1 - 2ia+ )dZﬁ 2 dH 2(s+n)H
a i ia + as oE2 €~ s+n
=2+2({+n)
1 1 . 1 1

y [S—i(1+C) b S—i(l—C)] e [s—i(1+c) W s—i(1-c) (5-16)
H(0,s) =
— 1 1 )
H(OO' S) T2 [s—i(1+c) + s—i(l—c)] (5-17)

Since the equation of (5.16) is of third order, perturbation solution can be obtained by assuming the non —

Newtonian fluid parameter to be very small by Beard and walters ( )

Therefore, H can be written as

H = H;+aH, + 0(a?) (5.18) using equation (5.18)
into equations (5.16) and (5.17) and then equating the terms of like powers of «, the following systems can be

obtained.

System of order zero

d Hl dH1 o _ _ 1
dg? t2€ dg B 2(5 + n)Hl 2 (1 + Il) [s —i(1+4c) + s—i(1—c)]
. [ 11 519
1€ s—i(1+c) s—i(1-c) ( ’ )
H,(0,s) =0
7 1 1
Hy(o0,8) = [s—i(1+c) + s—i(1—c)]
(5.20)
System of order one
d*H;  d? H2 oy d*H; dﬁz =
e — (s —2i)—= o €% +2(s+n)H, =0, (5.21)
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HZ(OJ S) = 0;
Hl(oo, S) =0 (522)
Zeroth order solution

The solution of Equations (5.42) that satisfies the boundary conditions (5.45) is

SR RN TR R WY ST R
1 2

s—i(1+c) s—i(1-c) 2ls—-i(1+c) s—i(1-c)

Taking Laplace inversion for the above solution H; becomes

—(E+x})E+i(1+0)T & g T
e 1 Erfc [m Xl\ﬁ]

—(e-x})EH(1+O)T & 1]
. ) +e 1 Erfc _m+ X1 2]
1\t =—7 -
| pe-erpEria-otgpr [ X _ xr

Naal sl
A

ﬁ

2T

rem(erxDEHG-OTRfe | £ 4 X: |-

1/ j i(1-
+2(e1(1+c)‘t } e1(1 c)‘r) (524)
First order solution

Using the zeroth order solution (5.46) into equations (5.44), the solution can be written as

2H H Rl
dd;? +2€ dd% —2(s+nmH, = —[€G3+ (s—20)G?Ae"%, (5.25)
where
1 1 1 1 1
A= 2 [s—i(1+c) s—i(14c) s—i(1-c) s—i(1—c)] (5.26)

G =€ +,/€24+ 2(s+n) (5.27)
The solution of the first order system is

—(E+x/62+2(s+n))‘§
VeZ+2(s+n)

H, = A(E G3 + (s —)G?) = (5.28)

Taking inverse Laplace transform of above equation,
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HZ(E, t): %

(A + A0+ O + (1+ 0% — Ay — AL + O}

X e—(e+X§)§+icrErfC
— a0+ + 0+
1

X e—(E—X;)E+iC‘[ErfC

X e—(e+X’{)§+icrErfC

@ +ai0-0+1-c
2

X e—(e—X’g)EHcrErfC

o
_m”l\ﬁ_

C)Z)—A3—
Y F
7~ %z

.
7= Xl\ﬁ_

A4i(1+ o)

— A+ A - O + (1 - D) + Ag + A1 - O}

)2) — Az — ALi(1 - C)}

o
_m+Xz\ﬁ_

£|2A,+€?+2n | 28A,-E2
2 V2mt Va3 V2mts

2
1-2i ] e—eE—(ez+2n)§—%

The analytical solution of the problem up to the order « can be written as

HED= -3

{1 + ok <Xi (Ar + Ayi(1+0) + (1 +0)2) — (A; +iAi(1 + c))>}

—(E+XD)E+i(1+0)T &y T
Xe 1 Erfc [m X1\£]

+{1— @B (A + A1+ 0) + (1 + 02 — Ay — Ai(1 +0))}

—(E-X)E+i(1+0)T & « |T
Xe 1 Erfc[m+X1\/;]

+ {1 +af (Xi (A +Ai(1 =)+ (1 — 02 + A; + Ai(1 + c))}

—(E+XDE+i(1-0O)t e L
Xe 1 Erfc [\/ﬁ Xz\ﬁ]

+ {1 —af (Xil (A +Ai(1— )+ (1=0)2) — A; — Ai(1 — c))}

—(e=X)E+i(14b)t & « |T
Xe 1 Erfc[\/z_T+X2\/;]

2A, +€%+ 2n

28A, — &

1-2i

—Q
¢ 2TT

1/ i(1+0)t i(1-o)t
(e +e )

V27t

A;=2 €*+ (3n — 2i) €2— 2in, A, = 4 €2+ n — 2i,

As;=4 €3 +en—2iE

A,= 2€,

V2mtd

(5.29)

EZ
] e_EE_(EZ’LZ“)%_E "

(5.30) where

(5.31)

Using the equation (5.18) and (5.9) into equation (5.30), the following suction solution is obtained.
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for0<c <1

{1 +af (Xi (Ay + Api(1+ ) + (1 +¢)2) — (A3 +iA4i(1 + c)))}

—(E+XDEHA+O TR | & v [T]
Xe 1 Erfc N X1 2|

+{1 - aE = (A + 4501+ ©) + (L + %) — Ay — A4i(1 +0))}

X e~(EXDEH+OTE e |- 4 X*l‘\/g

V21
f g 1 y
oo " e .
! ! Hi1+ o | (A + A1 —0) + (1 —)?) + Az + A4i(1 +0)
1

—(E+X)E+HI(1-O)T & yx T
Xe 1 Erfc [\/ﬁ Xz\ﬁ]

+ {1 —af <Xi1 (A +Ai(1— )+ (1—0)2) — A; — Ai(1 — c))}

—(e=X1)E+i(1+b)T & « |T
Xe 1 Erfc[\/z_T+X2\/;]

— it

—ak 2A,+€%42n 2§A4—§2+ 1-2i e—EE_(ez+2n)§ g
V2mt Vv2mt3 J2mts 2

1 . i
+-(elT +e7T), (5.32)
for ¢ > 1; the suction solution is of the following form

f.. g ]

Q] Q] 4

{1 + BE( (A; +Ai(1+ ) + (1 4+ 0)?) — (A5 +iA,i(1 + c)))}
X e—(€+Xi)§+i(1+C)TErfC [__E_ _ X;\/El

{1 B ((+ i1+ + (14 0 = Ay = A1+ 0)
—(-X})E+i(1+0)T S e [T
Xe Erfclm+X1\/;l

{1 + BE( (A —Ai(1—0)+ (1 -0+ A +A,i(1+ c))}

Np 1S T
X e—(E+Y1)E+1(1—c)‘cErfC [_ —Y* |=
V2t N2

Bt 2A,+€%+2n  2EA,-E? 1-2i e_eg_(euzﬂ)g_ﬁ
V2mt V2me3 J2mts 2T

—it

+2 (el + e7eT) (5.33)
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For the resonant case i.e ¢ = 1, we have

{1+at (Zi1 (Ar+2iA +4 ) — A3 —2iA4)}

—(E+Zp)E+iT (5 T
Xe VSHITErfc = Zq 2|

+{1- aEZ—ll((Al + A2i +4) — A3 — A4i2)}

—(E+Z1)E+iT KN T
s Xe 1 Erfc_m+Z1\/;_

YT +{1+a2(%+A3)}
X e~ (€—Z)t—i(1+)TE rfc [% — ZZ\E]
T
+ {1 _ az (2—; + A3)}

—(€+Zp)E-i 5 T
Xe 2 ITErfc[m+Z2\ﬁ]

BE 2A,+€%2+42n | 28A,-E2 1-2i e_eg_(ezﬂn)g g
V21T V2mt3 v 2Tts 2T

it

+% (eict + e_iCT), (5.34)

The blowing solution can be obtained by replacing € by —€ in equations (5.32), (5.33) and (5.34).

5.3 RESULTS AND DISCUSSION

The effects of various parameters on the velocity profiles are drawn through graphs.

The variation of second grade parameter @, magnetic parameter n, porosity parameter €, frequency a and time

T are shown by graphs.

» The real and imaginary parts of the velocity for various values of second grade parameter a =
0.0,1.0,2.0 are presented in figures.5.3.1 to 5.3.6.

» Figures 5.3.1 and 5.3.2 indicates that é and % first decrease and then increases by increasing a.
However in figures 5.3.3 and 5.3.4, éfirst decreases then increases and % increases.

» In Figures 5.3.5 and 5.3.6 édecreases and % first decreases and then increases by increasing a

causes an increase in the boundary layer thickness.

» The effects of magnetic parameter n = 0, 1, 2 are shown in figures 5.3.7 to 5.3.12. It is noted from the
graphs thaté increase and % decreases by increasing n. Further it is evident from these figures that

increase in n, shows the decrease in boundary layer thickness.
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» The variation of porosity parameter e= —1,0,1 can be observed from figures 5.3.13 to 5.3.18. These
Figures show that large values of € causes an increase inéand decrease in %. The boundary layer

thickness decreases by increasing suction and increases for large values of blowing velocity.

» Figures 5.3.19 to 5.3.24 indicates the influence of 7 = 0.25,0.5,0.75 on the velocity profiles. Obviously

f . .
ol decreases and é increases when large values of t are taken into account.

The variation of the velocity field with distance from the disk for various values of second grade parameter a
whenc=15,e=0,n=0,and r =1

Real part

I
N PO

0o 05 1 15 2 25 3 35 4 45 5
Figure 5.3.1

JETIR2305B76 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1535


http://www.jetir.org/

© 2023 JETIR May 2023, Volume 10, Issue 5 www.jetir.org (ISSN-2349-5162)

Q {R
1l
N FPo

Fiaure 5.3.2

The variation of the velocity field with distance from the disk for various values of second grade
parameter a whenc=0.4, €= 0, n=0, and r =1

Real part

Il
N~ o

0 05 1 15 2 25 3 35 4 45 5
Figure 5.3.3

Imaginary part

JETIR2305B76 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1536


http://www.jetir.org/

© 2023 JETIR May 2023, Volume 10, Issue 5

www.jetir.org (ISSN-2349-5162)

QR
IRl
N RO

Figure 5.3.4

The variation of the velocity field with distance from the disk for various values of second grade

parameter awhenc=1, €= 0.4, n=0, and r =1

Real part

N PO

o
a
a

0 05 1 15 2 25 3 35 4 45
Figure 5.3.5

Imaginary Part
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R Q
N o

Figure 5.3.6

The variation of the velocity field with distance from the disk for various values of magnetic parameter
nwhenc=14,e=0,a=0.08 and z=1

Real part

555
i
NFo

0O 05 1 15 2 25 3 35 4 45 5
Figure 5.3.7

Imaginary Part
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N O

05 1 15 2 25 3 35 4 45 5

Figure 5.3.8

The variation of the velocity field with distance from the disk for various values of magnetic parameter
nwhenc=04,e=0,a=0.08 andt=1

Real part

L |
al |
—_— n=1 i

— n=3 i

% 05 1 15 2 25 3 35 4 45 5

Fioaure 5.3.9

Imaginary Part
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I
Wk

Figure 5.3.10

The variation of the velocity field with distance from the disk for various values of magnetic parameter
nwhenc=1,e=0,a =0.08 and =1

Real part
2.5

N PO

S5 55

0 05 1 15 2

25 3 35 4 45
Figure 5.3.11

Imaginary Part
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05 1 15 2 25 3 35 4 45 5

Figure 5.3.12

The variation of the velocity field with distance from the disk for various values of blowing/suction
parameter e whenc =1.4,e=0, a=0.08 and t=1

Real Part

0 0.5 1 15 2 25 3 35 4 4.5 5

Fioure 5.3.14

JETIR2305B76 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | [541


http://www.jetir.org/

© 2023 JETIR May 2023, Volume 10, Issue 5 www.jetir.org (ISSN-2349-5162)

Figure 5.3.15

The variation of the velocity field with distance from the disk for various values of blowing/suction
parameter e whenc =04, e=0, a=0.08 and =1
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Figure 5.3.16

The variation of the velocity field with distance from the disk for various values of blowing/suction
parameter e whenc =1,e=0, a=0.08 and =1
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Figure 5.3.18

The variation of the velocity field with distance from the disk for various values of time T when ¢ = 1.5,
n=0,a=0.08,e=0
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The variation of the velocity field with distance from the disk for various values of time T when ¢=0.4, n
=0, a=0.08,e=0
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Figure 5.3.22

The variation of the velocity field with distance from the disk for various values of time T when ¢ =1,
nN=0, a=0.08,c=0.4
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Figure 5.3.24

5.4 EFFECT OF MHD FLOW DUE TO ECCENTRIC ROTATIONS OF A POROUS DISK AND AN
OSCILLATING SECOND GRADE FLUID AT INFINITY WITH DIFFERENT FREQUENCIES

The flow description is the same as that of the description given in section 5.3 except the viscous fluid is
replaced by the second grade fluid.

Therefore, the resulting second grade fluid problem can be written as

0q agF n ( i (11) aZF 0q a3F (N n Q)F 6F+ oF
b 922 0t 0/)az2  p Mogg T 1! at 0%,
=-Q (i + %) cosk;t + ksink,t, (5.35)
with the boundary and initial condition
F(0,t) = cosk;t, F(oo,t) = cosk,t, F(Z,0) =1, (5.36)

The above problem in non-dimensional variables can be written as

o
&2

03F 03F .
a%— a€6_E3+ (1—-ia)

OF oF : _
- ZE+ZE 0_‘5_ 2(i+n)F =

—2(i + n)cosbt + 2bsinbt (5.37)
With the boundary and initial conditions

F(0,T) = cosat, F(oo,t) = cosbt, F({0) =1, (5.38)
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using the equations F(&,t) = H(E t)e™ " into (5.36) to (5.37) the following equations can be obtained

03%H

93H .\ 0%H OH oH _
am—aea—a3+ (1 _ZIQ)Téz_ZE+266_§_2nH =

_2(1 + n) X [ei(1+b)T + ei(l—b)r]
—ib [ei(1+b)r _ ei(l—b)r]1 (5.39)
H(0,7) = l[ei(1+a)t + ei(l‘a)T]
) 2 )
H(oo,T) = = [el1+D)T 4. £i1-D)T],
2

H(E0) = 1, (5.40)

Taking Laplace transform into (5.39) and (5.40) the following equation is obtained

oE d_E3_ (1 - 2ia+ as) aEZ ZE%{— 2(s + n)H
=2+2(i+n)
[s—i(11+b) + s—i(ll—b)] +ib [s—i(11+b) " s—i(ll—b)] (5.41)
H(0,5) = % [s—i(11+a) s—i(1-a)
Hos)= 3 [imam + 5o (6:42)

Using perturbation method in equation (5.75), the following systems can be obtained

System of order zero

d?H, H,
ae2 +2 Ed_§_2(8+n)H1
1
—2-(@i+n) [s i(1+b) T i(1- b)] [s—i(1+b) "~ s—1(1-b) (5.43)
1
H (0 S) [s —i(14+4a) s-— 1(1 a)
A(w,s) =1 [+ (5.44)
S s—i(14+b) = s-— 1(1 b) )
System of order one
d?H, dH d*H; dH
= ?22 —(s—2i)— @ —2+2(s+n)H, =0, (5.45)

ﬁz (01 S) = 0:
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H,(c0,5) =0 (5.46)

Taking inverse Laplace transform into (5.45) and (5.46) and then solving the resulting integrals, the system

become

—(e+Xy)E+i(1+a)T i _ Fl
e Erfc X
L/ﬁ 2

. IS T

+e~ (EXVTHA+TE fC l— + X |3

V2t N2

: 13 T
+e—(E+X2)E+1(1—a)‘cErfC [_ -X, [—

V2t A2
. & T|

e (EXEHU-TErfc |2 4+ X, |-
1 V2t N2
Hl(EJ t) = Z [ E T-
_e—(e+X3)E+i(1+b)rErfC 2 X3\/:
/2t 2|

(e X)EHAb) TR |5 \/f

e Erfc + X

V2T N2
. [ € T|

_ a—(E+X,)E+i(1-b)T Y O i@ _

e Erfc X \/7
V2T N2

e (eXEHI-byTR . | S T

e Erfc + X
V2t N2
1/ ((1—
+E(e1(1+b)‘t+e1(1 b)‘[)’ (5.47)

JETIR2305B76 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1549


http://www.jetir.org/

© 2023 JETIR May 2023, Volume 10, Issue 5 www.jetir.org (ISSN-2349-5162)

{Xi (A +Ayi (14 @) + (1 +a)?) + Ay + Agi(1 + a)}
1

. 13 T
Xe—(E+X1)E+1aTErfC I_ —X, [-
V2T N2

+ {Xll (A, —Ai(1+ ) —(1+@)?)+A;+ A1+ a)}

. 13 T
Xe~(€-X)E+Hatppfe l— + X, [=
V2t N2
1
+ {X— (A +Ai(1—a) +(1—0)?)+ A+ ALi(1— a)}
2

—(e+X,)E+iat i _ \/fl
e Erfc X
[m N2

{Xiz (—A; —Ai(1—a) —(1—a)?)+A;+A,i(1— o()}

. 1S T
Xe—(e—Xl)E+1(1+a)‘rErfc l_ +X, |[=
V2T N2
1
e (A = A1 +b) = (1 +b)?) - A; —Ai(1+ )]
3

. T
Xe—(E+X3)E+1a‘EErfC Ii —X \/:l
V2t N2
1
+{X—3 (A +A,i(1+b) )—(1+b)2—A; —Ai(1+ b)}

. 13 T
+e(E-X)bHatppfe [ 2 4 X \/:l
V2T N2
1
+ {X— (<A — Ayi(1—b) —(1—b)2) = A — Agi(1 — b)}
3

. 13 T
Xe—(e+X3)§+1atErfC I_ —X, |-
V2t N2

+ {i (A +Azi(1 —b) +(1—b)%) —A; — Ai(1 - b)}
X4

1
HZ(E! t) = Z

. 13 T
Xe~(E-Xa)+atppfe l— +X, |=
V2T A2

(5.48)

From equations (5.18), (5.47) and (5.48), the suction solution for a < 1, b < 1 can be written as

f g
ala”
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{1 + af <Xi ((A1 + A,i(1+ a) ) +(1+ a)z) +A; + ALi(1+ a))}
1

. 13 T
Xe—(E+X1)E+1aTErfC I_ —X, [=
V2t W2

+ {1 By (XL((A1 — A+ )+ 1+ oc)z) — As — A1 + oc))}
1

o . 13 T
(e—Xy)&+iat _
Xe Erfc l\/ﬁ + X, 2]
+ {1 + o (iz (A +A(1—-) )+ (1 - (x)z) + Az + A4i(1 — 0()}

. 13 T
Xe~(E+Xz)d-latprfe [— -X, |=
V2t N2

+ {1 — a«z((xi (A, +Ail-a) )+ - 0()2) —A; — A,i(1 + a))}

. 1 T
Xe~(E-X1)d-latprfe l— +X, |-
V2T N2

1
4{—{1+4ak ()(i((A1 + A,i(1 + b) ) +(1+ b)2)> + A; + A,i(1+b)
3
“ ; 3 T
(e+X3)E+ibt e -
Xe Erfc L/Z_r X3\[;l
- {1 —af (xi (A; +Ai(1+Db) )+ (1+b)2—A;—Ali(1+ b))}
3
=X+ 3 T
(e—X3)E+ibt s b
+e Erch/z_T+X3\/;l
— {1 + of (xi (A, —A,i(1—b) —(1-b)?)+A;+Ai(1— b))}
4
_ ; § T
(e+X,)E+ibt Rl i
Xe(E+X)EHDTELfC [\/ﬁ X4\/;l
— {1 — ok (xi (AL +A,i(1—b) +(1-b)?)—A; —A,i(1— b))}
4
Xe~(E-XEHbTR fe li +X Il
V2T W2
+ %(eibt + e—ibt) (5.49)

Fora >1,b>1, the system becomes
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_ {1 + af <Xi (A +iA(1+a) )+ (1+)?) +A; +iA, (1 + a))} |
1

. S T
Xe—(E+X1)E+la‘tErfc [_ —X, [=
V2t N2

+{1 My <XL(A1 + Ai(1+a) + (1 + )? ) — Ay — A,i(1 + a)>}
1

) S T
—(e—Xq)&+iat _
Xe~(E-X1) Erfc[m+X1 /2]
+ {1 + af <Yl1 A —A,(a—1D)+(1—-2a)?)+A;—iA,(a— 1))}

i S T
Xe~ (E+Y)E-ItErfe [— -Y, [=
V2t W2

+ {1 —af <Yl (A; —A2ila— 1)+ (1—a)?) —A; + Aji(a— 1))}
1

. 13 T
Xe~(E-Y1)i-iatgyfe [— +Y, -
V2t N2

- {1 + af <Xi((A1 +iA,(1+Db) )+ (1 +b)?) + Az +iA,(1 + b)>}
1

. 13 T
Xe—(€+X3)E+la‘EErfC [__ —X. =
V2t N2

- {1 — af <Xi1((A1 +iA,(1+b) )+ (1+b)?) — Az —iA,(1 + b))}

—(E—X3 +ibt E I
Xe~(€-X3)E+ib Erfc[—m+x3 ’2]
—{1 + af <Yl (A;—A,(b—1)+ (1 —b)?) +A; —iA,(b— 1))}
1

. 13 T
Xe~(E+Y2)8-ibTRpfe [— -Y, =
V2t N2

- {1 — oF <Yiz (Ay = Ayi(b—1) + (1= b)?) = As + Ai(b — 1))}

3 IS T
Xe~(E-Y2)8-ibtE fe [— +Y |-
V2T N2

N

+ %(eibt + e—ib‘t) (5.50)

b L8 _
Fora —b—1,m+1m—
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{1+ (Z—ll((A1 + 521+ 4) + (1+@)?) + Ay + A,2i) }]

—(E+Z,)E+iT =5 E_
Xe 1 Erfc 72 -7 2|

e (a4 ) s A2
Xe~(E-Z)EHTEfC \/;T + Zl

{1 + aE( (A) + A3)}

Xe(e+ )=t [ £ _ ZZ\E

{1 —ak (2_12 (A — A3)}

Xe‘(e‘zz)z‘iTErfc =+Z |5

~{1+a (2_11 (A +A521 +4)+A; + A412)}

—(E+Z1)E—iT 5 _ T
Xe 1 Erfc [\/ﬁ Zl\/;]

~{1-og (Zil (A1 +Api2 +4) +Ag + Ayi2)}

I

Xe™(E-Z)FHTE fe \/_+Z1 3_

{1 + aE( (A,) + A3)}

—(e+Zy)E—itpnfe | & 7 [T
Xe 2 Erfc N Z, 2

—{1-ag(z- a0 - As))

Xe~(E-Z2)EHTE e [\/% + ZZ\/;]
1/ it —it
~(e+e7) (5.85)
Replacing € = —e& in the suction solution, blowing solution can be obtained.

5.5 RESULTS AND DISCUSSION

» Figures 5.5.1 to 5.5.6 show the effects of second grade parameter a (= 0.0,0.5,1.0) on the velocity

proflles — and = It is examined in figures 5.5.1 and 5.5.2 that — flrst increases then decreases and =
increases. In figures 5.5.3 and 5.5.4 both ﬁand % increases with increasing @. However in Figures

5.5.5 and 5.5.6 no variation occurs by increasing a in é but in %variation occurs. The layer thickness

increases with the increase a in except in figures 5.5.5 and 5.5.6.
» To describe the variations of n (= 0.0, 1.0, 2.0) the figures 5.5.7 to 5.5.12. It is evident from figures

5.5.7 to 5.5.10 that there is an increase in é and decreases i in £ for large values of n. But no change has
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been observed in figure 5.5.11 and changes observed in 5.5.12. Further it is deduced from these figures
that except in figures 5.5.11 and 5.5.12 there is a reduction in layer thickness for large values of
magnetic parameter n.

> Figures 5.5.13 to 5.5.18 depict the influence of porosity parameter € (= —1.0,0.0,1.0). From these

Figures, it is found that by increasing €, é increases and % decreases. But there is no effect on the

velocity profiles in figures 5.5.17 and there is a small effects have been observed in 5.5.18. The layer
thickness in suction shows the similar behaviour as of magnetic parameter. But in case of blowing the

effects are reverse.
» The behaviour of velocity profiles é and % for various values of 7( = 0.25,0.5,0.75) are given in
figures 5.5.19 to 5.5.24. It is apparent from these Figures that an increase in T leads to decrease in é

But for large 7 - increases except in Fig.5.5.24.

The variation of the velocity filed with distance from the disk for various values of magnetic parameter « ,
a=175b=135€e=0 n=0,andt =2

Real Part
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Figure 5.5.1
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The variation of the velocity filed with distance from the disk for various values of magnetic parameter
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Figure 5.5.4

The variation of the velocity filed with distance from the disk for various values of magnetic parameter
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The variation of the velocity field with distance from the disk for various values of magnetic parameter
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The variation of the velocity field with distance from the disk for various values of magnetic parameter
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The variation of the velocity filed with distance from the disk for various values of magnetic parameter
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Figure 5.5.14

The variation of the velocity filed with distance from the disk for various values of magnetic parameter
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Figure 5.5.16
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The variation of the velocity filed with distance from the disk for various values time T whena=1,b =
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5.6 CONCLUSION

Coding are developed to get the graphical results which are in well agreement with the results given in the

reference.

The following conclusions can be extracted from the analysis.

>
>

— and o are first decreased and then increased by increasing the second grade parameter «

It is observed that increase of a causes an increase in the boundary layer thickness

It is clearly examined that an increase of the magnetic parameter n results the decrease in the boundary
layer thickness.

It is found that the boundary layer thicknesses are decreased by the increment of the suction
parameter. But in the case of blowing the effects are reverse. Frome these the well known fact that
suction and blowing has opposite characteristics on the boundary layer flows have been proved.

It is further observed that the boundary layer thickness in suction shows the similar behaviour as in the

case of magnetic parameter
It is found that the increased time 7 leads to decrement in é but for large t % IS increased

The effect of magnetic field on any flow is an important problem related many practical application as
in the case of boundary layer flow control. Since the blowing causes an increment in the boundary layer
thickness, it is deduced that the boundary layer can be controlled by magnetic field.
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