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Abstract-- This paper deals with the study of thermal energy transmission in free convective MHD flow of a rotating Oldroyd fluid past an infinite vertical
porous plate with mass transport, chemical reaction, heat sources subjected to constant suction. Effects various fluid parameters on the flow pattern
have been analyzed by graphs and tables obtained from numerical computation. It is observed that increase in rotation parameter increases primary
velocity, but reverse effect is marked in case of secondary velocity. Temperature shows uniform decrease with the distance from the porous plate and

the concentration falls with the rise of the Schmidt number (Sc).
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1 Introduction

he motivation of the present study is the fact that both

free and forced convection exist simultaneously in

many applications. This is particularly relevant in
situations where the Grashof number is large, as in the
extractions of crude oil, when free-convection effect is
important.

One of the most basic problems in natural convection
heat transfer is the buoyant boundary layer flow along a
heated vertical wall adjacent to a fluid saturated porous
medium. The basic problem was analyzed for the first time by
Cheng and Minkowycz[l] and similarly solutions were
obtained.

An experimental investigation of free convection for
a heated vertical plate was made by Cheng et al.[2] to study
the non-Darcian effects. Cheng and Ali[3] performed an
experimental investigation for free convection over heated
inclined surface in a porous media. Also Kaviany and
Mittal[4] studied natural convection from a vertical plate
experimentally for high permeability porous medium.

Natural convection over a non-isothermal body of
arbitrary geometry placed in a porous medium with viscous
dissipation term in the energy equation was analyzed by
Nakayama and Popl[5].

Chen and Chen[6] were the first to consider the free
convection flow of non-Newtonian fluids past an isothermal
vertical flat plate embedded in a porous medium. Boundary
layer flow and heat transfer of non-Newtonian fluids in a
porous medium was investigated by Wang and Tu[7].

The stimulus for scientific research on rotating fluid
systems is basically originated from geophysical and fluid
engineering applications. Many aspects of the motion of
terrestrial and planetary atmospheres are also highly
influenced by the effect of rotation. Rotating flow theory is
utilized in determining the viscosity of the fluid in the
construction of the turbine and other centrifugal machines.

The problem of free convection MHD flow through
porous media of a rotating / non rotating fluid with heat and
mass transfer has been a subject of interest of several
researchers. Hossain and Mohammad[8] studied the effect of
Hall current on hydromagnetic free convection flow near an
accelerated porous plate. Effects of magnetic field on the free
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convection and mass transfer flow through porous medium
with constant suction and heat flux was studied by Acharya
et al.[9], Dash and Rath[10] have investigated the effect of
Hall current and hydromagnetic free convection flow near an
exponentially accelerated porous plate with mass transfer.
The hydromagnetic Rayleigh problem in a rotating fluid has
been studied by Rapties and Singh[11].

Ece[12] has studied the free convection flow about a
cone under mixed thermal boundary conditions and a
magnetic field. Acharya et. al.[13] have studied non-parallel
vertex instability of natural convection flow over a non-
isothermal inclined flat plate with simultaneous thermal and
mass diffusion. Free convection heat and mass transfer from a
horizontal cylinder of elliptic cross section in micropolar
fluids has been studied by Yang[14]. Guria et. al.[15] have
investigated the three dimensional free convection flow in a
vertical channel filled with a porous medium.

From the literature it is observed that a very few
problem of generalized Darcy free convective flow of non-
Newtonian fluids on a vertical surface in a rotating frame of
reference has been reported so far. The main objective of the
present problem is to study thermal energy transmission in
free convective MHD flow of a rotating Oldroyd[16] B’ fluid
past an infinite vertical porous plate with mass transport,
chemical reaction and heat sources subjected to constant
suction.

2 Formulation of the Problem

PHYSICAL MODEL

Gravity ‘g’

> X-axis

Y-axis

In the present study the steady free convective flow and mass
transfer associated with a rotating elastico-viscous electrically
conducting fluid (Oldroyd fluid) through porous media
occupying a semi-infinite region of the space bounded by an
infinite vertical porous plate with constant suction and heat
flux subject to a transverse magnetic field and species
concentration at the free stream are assumed to be constant.
rotating
uniformly with the fluid in rigid state of rotation with
constant angular velocity Q about z-axis. The vertical plate is
assumed to coincide with the plane z=0. Here, the physical
variables except the pressure are functions of z only. Thus the
equation of continuity gives W=-Wy, Wo> 0 is the suction
velocity normal to the plate.

We consider a Cartesian co-ordinate system

Taking into account the Boussinesq approximation,
the equations which govern the flow are

' 2
w2 aov=1 % 51 )4gpC-C,)-TRU 1
dz p dz Pk
(2.1)
1 2
w, Noqu=t 9P _oBv Wi,
dz p dz Pk
dT _ k d°T
W,— =————+S'(T-T,), (3
"% " pC, o (T-T.), @3
W E :Dﬂ_ﬂn (2.4)
®dz dz? ' '

where g is the density of the fluid,
v is the coefficient of kinematic viscosity
g is the acceleration due to gravity,
B is the volumetric coefficient of thermal expansion,

* is the volumetric coefficient of concentration

> W, (suction velocity) expansion

o is the electrical conductivity,
k" is the permeability parameter,
Bo is the magnetic induction,

k is thermal conductivity,

Cr is the specific heat of the fluid,
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D is the mass diffusion coefficient, equations (2.1) — (2.4) become (dropping the primes)

S/ is the source strength parameter,

Ar is the reaction rate term. d3 —+ (“1 1)i_{1+ 2|a1R " (M i _) } du
The initial boundary conditions are Kp dz
u=0,v=0,9T_29 c_c, at 2=0
dz Kk
0,v—>0,T>T,,C>C iR+ M2 4 dT dc
u—»0,v—>0,T—>T,,C>C, asz—>w + 2iIR+M2+— U =G, T +G,C - 4G, — -G, —,
Kp dz dz
(2.5)
(2.8)
where the components of stress tensor P1'3 and P2'3 are ,
mplicit relai 4T _dT
expressed by the implicit relations. — P—+PST=0,
q 42 dz dz
(1 g Jre =) G- 2 | 25)
dz
d’C . dC
2.6 — =
d (2.6) ) 7S K8 C=0,
\'
(1 A\Wo Z) 23 —770{ — AW, 05 J’ (2.10)
Subject to the boundary conditions
2.7)
dT
In the equations (2.6) and (2.7), 7o, /4, A, which are u=0 , E =-1,C=1 atz=0

all positive denote the coefficient of viscosity stress relaxation
and strain retardation time respectively with A:i>A.. The
subscripts w and © mean the conditions at the porous (2.17)

surface and far away from the plate. Eliminating

Pl'3 and P2'3 from equation (2.1) and (2.2) with the help of

equations (2.6) and (2.7) taking U = u+iv and introducing the

non-dimensional quantities. The solutions of equations (2.9) and (2.10) under the

boundary conditions (2.11) are

U->0, T>0,C—>0az—>w

3 Solutions of the Equations

2 2
U,:i ’ Zr=WOZ ’ alz/hWo 1 a2=M 1 (P+ ,Pr2_4pr5
W, v 1% v T = 1 e 2
C-C Qv 1(F’r+\/F’r2—4F’rS
'=(T-T. ) , C'= = R=——>, 2
Cw—Cs Wy @3.1)
—(SC+JS§+4KnScjz
pr*a o _r9af(C-C,) o8y C=e
G, . G 3 , M= > (3.2)
KW, W, AW, . . . .
Inserting equations (3.1) and (3.2) in equation (2.8), we get
pvCp v WK
Pr W ) SC _B ’ KP - V2 )
d*u 2u du .
C Vv o SV o+ 1) —A——+ AU = AG e
Kn = — S =—2 y dZ dZ
Cw—C,. JW, Wy
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+G, e ™ — oy G e + oG A ™
(3.3)

Integrating the above equations once with respect to z, we
have

d’U du a2z G
o, 72 +(y -1 -AU=-Ge Z_AAefA4Z
+- G ~oq G e +C

AT

(3.4)

Dividing by &, to both the sides of equation (3.4), we get

d?U du . ) .
FJFAQE_A&?,U =Aye ASZ_A&se A42+Aiee et

A M 1C (35)

- G
where Ay, =4 ! . As = £
o, A
a,G
A :h . As = sare
a, A
-G a,G
Ay = : v A= L
a, a,

Solving equation (3.5), we get

U = A24Cl + Cze_plsz + C3 e—pg_gz + A25 e_ASZ - A26 e_A42

(3.6)
Using boundary conditions
z—>0,U=0
when z—>o,U=0

to equations (2.11) — (3.6), we have

U =Ay e M4 Agg e Mo 4 Ags e - A'zese_A42
3.7)

A,
A N Ay — A

where

A
A A, A
A
M T A, A
A
P Ay Al

Substituting the values of the constants in equation (3.7), we
get

U =(A,cos A, 267" — A sin A, ze "% + A, cos A, 765
9 2 0 2 7 4

—AggSin Ay, 2737 + AgeTBE — A, e_Aﬂ)

+i(A49 sin A, ze L7 + A cos A, ze T — Ay sin Ay ze

~Aup COS Ay 7€ B2 — Agge™"S + Age™™ Z)
(3.8)
whereU = U+1V,

U= A, Cos A, ze /51 — A sin A, ze 512
+A, Cos A, 287 — Agsin A, ze 537

+As5 e /8’ ey e ¥’
and

V= Agsin A, ze 517 + A cos Ay, ze /17

— A, sin A, ze7"8% — A cos Ay, ze 58

—Agg €787 + Ay e

Skin-frictions :

=(—AugAss — Ao Ay — A Ay — AugAsy — A A + AJAy)

o = 5) (Aug Al — Aug RSy +2A5 A Ay + Ay Py
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_A47 A§4 + 2A48 A53 A54 + Asz A35 - A} A37) Concentration Gradient :
We have C :e*%(stfrmZ

2
- —Z=0 CGO:_E
z=0
v R
s =|—+(g—ay)— N~
Cole Tt et =—{&g&+4$+4K§g}e%@ Sé+4KnSe)2

=(AagPsz = Ao A5y = Aur Aoy + AgAsg + A g — Argg ) CG, =%(Sc+ /S(:2+4Knsc)
e = ty) (2 Prg g =20 A Ay + Ao Ay s
CG, =-

—As Ay _A48A523+A48A524) o

_ 2
S { (-« )—aZVJ —0 — 14 (S, ++/S.2 +4K,S,) e 2SS HKnSo)z
17— &2 2 =
oz .

z=1

TS =| —++
2 4 Results and discussion
Rate of heat transfer : In this chapter, we have studied the thermal energy
transmission in free convective magnetohydrodynamic flow
We have of a rotating Oldroyd fluid past an infinite vertical porous
T= 1 o % (P +yP?-4PRs)z plate with mass transport, chemical reaction, heat sources,
% (Pr n / Pr2 _ 4PrS) ) subjected to constant suction. Effects of various fluid

parameters on the flow pattern have been analysed by graphs
and tables obtained from numerical computation. The fluid
parameters involved in the problem are the non-dimensional
7=0 parameters given earlier. Let us portray the effects of such
fluid parameters illuminated from the graphs drawn for

_ 1 2 « {_ % (P + [Prz _4p S} « e*%(\lprszrs)z primary and secondary velocity profiles.
_% (Pr + \/(Pr _4Prs)
. Nu=1

oz

NU,=——
" &

_ e—%(P,ﬂ/Pr?—zlP,s)

z=1
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Fig. 1 : Primary and Secondary velocity profiles
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Fig. 1 presents the primary and secondary profiles varied
with the various fluid parameters. It is observed that the
decrease in the porosity parameter (Kr) raises the primary
velocity component (u/w). Increase in Prandtl number
reduces the primary velocity (curve III) and decease in
Prandtl number sharply raises the primary velocity (curve

IV). Increase in the thermal Grashof number (Gr) increases the
primary velocity (curve V). Same effect is marked in case of
modified Grashof number (Gc). Increasing the rotation
parameter (R), the primary velocity is increased. The
secondary velocity shows a reverse nature relative to the
primary velocity as shown in Fig. 1.
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Fig-2 Temperature profile forz=0, a1=0.5, a2=0.2, M=1,R=0.2, G:=5,Gc=2,K;=1,5.=9,Kn=5
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Fig. 2 shows the variation of temperature () with the change  plate. As the source parameter increases the temperature
of Prandtl number Pr and source parameter S. Temperature raises (curve I, II, IIT). On the other hand, increase in the value
shows uniform decrease with the distance from the porous  of Prandtl number lowers the temperature of the fluid.
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Fig-3 Concentration profile for Pr=7,z=0,S5 =0.05, x1=0.5, a2=02,M=1,R=0.2,G:=5,G.=2,Kp=1
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Variation of concentration with the change of Schmidt
number (Sc) and permeability parameter (Kr) has been
reflected in Fig.3. As the value of Sc increases, the
concentration falls. Same effect is also observed in case of
permeability parameter (Kp).
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Skin-friction :

Table -1

Values of the skin-friction 7, of the primary flow

o Qa2 M Gr Ge R Ky Tp

0.5 0.2 1 5 2.00 0.2 1 9.2732
0.5 0.4 1 5 2.00 0.2 1 -1.7192
0.5 0.4 2 5 2.00 0.2 1 -12.6022
0.5 0.4 2 10 2.00 0.2 1 -26.8161
0.5 0.4 2 10 4.00 0.2 1 -25.2044
0.5 0.4 2 10 4.00 0.4 1 -24.7960
0.5 0.4 2 10 4.00 0.4 3 -19.8091
0.5 0.4 2 10 4.00 0.4 5 -18.8062

The values of the skin-friction 7p of the primary flow are

entered in the table-1 for various values of the fluid
parameters involved in the problem. From these numerical

values of the skin-friction, it is observed that increasing «,,

the skin-friction 7p decreases and attains a negative value.

The increase in the magnetic field strength, further reduces
the skin-friction 7p. Same effect is marked in case of
thermal Grashof number G, but reverse effect is seen in
case of modified Grashof number G.. Increase in rotation
parameter R decreases the skin-friction. Same effect is
noticed in case of permeability parameter (Kp).

Table -2
Values of the skin-friction ts of the secondary flow
a1 a2 M G: Ge R Kp Ts
0.5 0.2 1 5 2.00 0.2 1 -8.3622
0.5 0.4 1 5 2.00 0.2 1 -1.7261
0.5 0.4 2 5 2.00 0.2 1 -2.5083
0.5 0.4 2 10 2.00 0.2 1 -5.3961
0.5 04 2 10 4.00 0.2 1 -5.0165
0.5 0.4 2 10 4.00 0.4 1 -10.0639
0.5 0.4 2 10 4.00 0.4 3 -10.3119
0.5 0.4 2 10 4.00 0.4 5 -10.3917
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Table -2 presents the values of the skin-friction 7g of the
secondary flow. It is observed that the rise in the value of
a, raises the value of 7g. Increase in the value of
magnetic parameter (M) decreases the skin-friction 7g.

When thermal Grashof number (Gr) takes higher values, the

skin-friction decreases. Rise in the value of modified
Grashof number (Gc) raises the skin-friction slightly.
Increase in rotation parameter (R) decreases the skin-

friction 7g . Similar effect is marked in case of permeability

parameter (Kp).

Table - 3
Values of the rate of heat transfer Nuoand Nu: of the flow

P: ]
7 0.00
7 0.05
” 0.10
9 0.05
1 0.05
9 0.10

Nuo Nu:
1.00000 0.00091
1.00000 0.00096
1.00000 0.00101
1.00000 0.00013
1.00000 0.00002
1.00000 0.00014

Values of the rate of heat transfer Nuo and Nu1 of the flow
are entered in table-3. It is seen that the increase in the
source parameter (S) increases the rate of heat transfer Nu:
at a distance z=1 from the plate. Increase in the value of

Prandtl number (Pr) reduces the value of Nui. However,
there is no change in the rate of heat transfer at the plate (z
= 0), i.e. the rate of heat transfer Nuo at the plate remains
constant.

Table -4

Values of the concentration gradient CGo & CGa of the flow
Se Kp CGo CG:
9 5 12.57775 0.00004337
12 5 15.79796 0.00000218
16 5 20.00000 0.00000004
9 10 15.00000 0.00000459
9 20 18.65097 0.00000015
16 10 22.96663 0.00000000

Table-4 contains the values of the concentration gradients
CGo and CG: of the flow at the plate and away from the
plate. It is observed that increase in the value of Schmidt
number (S) increases concentration gradient (CGo) at the
plate and reduces CG: at a distance z=1 away from the

plate. Rise in the value of the permeability parameter Kp
raises the concentration gradient CGi. It is worth-
mentioning here that when Kr takes 10 and Sc = 16, the
concentration gradient CG1 becomes zero.
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5 Conclusions
Following conclusions are gleaned from the above

discussions.

(1) Increase in rotation parameter increases primary
velocity. But reverse effect is marked in case of
secondary velocity.

(ii) Decrease in the permeability parameter (Kr)
increases the primary velocity.

(iii) Temperature shows uniform decrease with the
distance from the porous plate.
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