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Current

Samuel K. Muondwe, Mathew Kinyanjui, David Theuri, Kang’ethe Giterere

Abstract: An unsteady, laminar hydrodynamic flow of an incompressible, viscous and electrically conducting Newtonian
fluid over a porous contracting sheet in a rotating system considering hall current effects and heat source has been studied.
The governing system of partial differential equations is transformed to dimensionless equations. The dimensionless
equations are then solved numerically using the finite difference method. Using graphs the effects of various parameters
on velocity, temperature and concentration are discussed The results obtained here are useful in applications on wire and
glass fiber drawing in cooling of nuclear reactors, cooling of metallic plates and metallurgy.

Index Terms— MHD, Rotation, Hall current, contracting surfaces.

I. INTRODUCTION

Fluid is defined as a substance that deforms continuously when acted on by a shearing stress of any magnitude.
Fluids are classified as liquids and gases. Fluids can also be categorized as Newtonian and non-Newtonian fluids.
For Newtonian fluids the shearing stress is linearly related to the rate of shearing strain but for non-Newtonian
fluids shearing stress is not linearly related to the rate of shearing strain. Water, air, mercury, kerosene and thin
lubricating oils are Newtonian fluids whereas paints, coal tar, blood and grease are non-Newtonian fluids.
Investigation of hydro magnetic natural convection flow with heat and mass transfer in porous media has been
studied by several researchers due to its applications in geophysics, astrophysics, aeronautics, meteorology,
electronics, chemical, and metallurgy and petroleum industries. [1] studied free convective mass transfer flow past
infinite vertical porous plate with variable suction and Soret effect and concluded that increase in magnetic
intensity contribute to the decrease in the velocity. [2] Analyzed radiation effects on MHD free convection flow of
Kuvshinshiki fluid with mass transfer past a vertical porous plate through a porous media. [2] Concluded that
temperature decreases with increase in radiation parameter. Most researchers ignore Hall current while applying
Ohm’s law because it has no significant effect for small and average values of the magnetic field. The effects of
Hall current are very important in the presence of a strong magnetic field, because for strong magnetic field
electromagnetic force is prominent. [3] studied Hall effect on transient MHD flow past an impulsively started
vertical plate in a porous medium with ramped temperature, rotation and heat absorption and concluded that for
both ramped temperature and isothermal plates the primary and secondary motions are accelerated due Hall
current, further they noted that skin friction (drag force due to primary velocity) rises with increasing values of
magnetic parameter for ramped temperature. [4] Studied effect of Hall current, radiation and rotation on natural
convection heat and mass transfer flow past a moving vertical plate. [4] Concluded that an increase in rotation
parameter causes a decrease in primary velocity, secondary velocity in the region away from the plate and reverse
effect is observed on secondary velocity in a region near the plate. [5] Studied unsteady hydro-magnetic couette
flow of a viscous, incompressible and electrically conducting fluid between two infinitely long parallel porous
plates, taking Hall current into account, in the presence of a transverse magnetic field. Fluid flow within the channel
is induced due to impulsive movement of the lower plate of the channel Uniform magnetic fields is in the direction
orthogonal to the permeable plates, uniform suction and injection through the plates are applied. [5] Concluded that
when the magnetic field is considered to be fixed relative to the plate, the flow is accelerated by the magnetic field.
However, the magnetic field retards the fluid flow when the magnetic field is fixed relative to the flow. [6] Studied
Hall effect on MHD mixed convective flow of a viscous incompressible fluid past a vertical porous plate immersed
in a porous medium with heat source/sink. [6] Concluded that skin friction decreases for Hartman number less than
critical value, afterwards it starts to increase.
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[7] Studied effects of Hall current, rotation and Soret effects on MHD free convection heat and mass transfer flow
past an accelerated vertical plate through a porous medium. [7] concluded that; Hall current tends to accelerate
secondary fluid velocity throughout the boundary layer region whereas it has a reverse effect on the primary fluid
velocity throughout the boundary layer region; Rotation tends to accelerate secondary fluid velocity throughout the
boundary layer region whereas it has a reverse effect on the primary fluid velocity throughout the boundary layer
region; [8] analyzed effects of heat source/sink on MHD flow and heat transfer over a shrinking sheet with mass
suction, and concluded that increase in mass suction parameter it causes momentum boundary layer thickness
thinner. [9] Studied fluid flow and heat transfer of Nano fluid containing motile gyrotactic micro-organism passing
anonlinear stressing vertical sheet in the presence of non- uniform magnetic field. [10] studied Combined effects of
variable magnetic field and porous medium on the flow of MHD fluid due to exponentially shrinking sheet and
concluded that the suction parameter and porous medium permeability increase the velocity profiles, whereas,
magnetic field has reverse effect, the Prandtl number and suction parameter have a reducing effect on the
temperature profiles. The aim of this work is therefore to study MHD stokes fluid flow problem and combined
effects of various parameters on velocity, temperature and concentration past a porous contracting surface in a
rotating system taking account of Hall current.

Il. MATHEMATICAL FORMULATIONS

Consider an unsteady MHD laminar boundary layer flow of an incompressible, electrically conducting, and
viscous Newtonian fluid past a contracting electrically non-conducting sheet embedded in porous media with heat
and mass transfer in a rotating system. The contracting sheet is permeable to allow for a possible suction and is

continuously contracting in the x-axis direction in the plane with a velocity V = —CX", where ¢ is negative for

contacting plate and n is nonlinear contracting parameter. At distance L units away, a second impermeable and
electrically non conducting sheet is placed parallel to the contracting sheet for closed flow. The system is rotated
with constant angular velocity Q; the y axis is taken to be infinite. The pressure gradient is in the positive x-axis
direction, and is directed upward parallel to the direction of gravity. Additionally, a variable magnetic field is
applied normal to the two plates.

g

v

/ Impermeable plate
4__ —’

X axis

H

H

Contracting plate T
Main flow direction

Fig 1: Flow configuration
If Q is the temperature dependent volumetric heat generation parameter, then Q > O represents a heat source,

and Q < O represents a heat sink. Taking Hall current into account, the generalized Ohm’s law can be written as

0,7,

J+ J+H=0(E+pqxH) 1)

0
In equation (1) the electron pressure gradient (for weakly ionized fluid), ion-slip and thermo-electric effects are
neglected. Under these assumptions, and in the absence of electric field, equation (1) becomes

Jo+md, =opHyv o)
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J,—-mJ, =-opHyu 3)

Where M= W,7, is the Hall parameter? Solving equations (2) and (3) for and yields
O-/“leHO

J, =—"2>(v+mu 4)
1+m? ( )
ouH,

J =—2(mv—-u (5)

y l+ m2 ( )
The Lorentz force J x B yields
J,Bji—J,B,] (6)

If Q isthe temperature dependent volumetric heat generation parameter, then Q > 0  represents a heat source,

and Q <O represents a heat sink. Incorporating equations (4) to (6) into the equations of momentum e energy
and concentration, the following respective equations of momentum, energy and concentration are obtained

2 2 212
6—u+ua—u—cooa—u—2§2v=v 6—l:+a—l; - X+ﬂ(mv—u)
ot ox oz ox* oz Kk p(1+m?) @)
+p9(T-T,)+pg(C-C,)

2 2 2192
@+u@—a)0@+29u:v 8_\2/+8_\2/ —vx—ﬂ(v+mu) ®)
o x o e oz k p(L+m?)

Equation of energy:

oT oT  oT Kk [OZT 8ZTJ Dka(azc azc]
+ + +

ot ax e pe \axt o’ ) cc, (ox* o’
2 2
+iﬂ2Hg(U2+V2)+&(T _TOO)+L (a_uj +(@j (9)
pC, pC, pc, |\ oz 0z
_160*Tj ﬂ
3pc K oz°

Equation of concentration:

oC oC oC 0°C o*C D, K, T o7 oC oC
—+U—-a0,—=D, > +— |+ st — |[~U—+w,— (10)
ot OX oz OX oz T OX oz OX 0z
The initial and boundary conditions:
t<0:u=0,v=0,0=0T =0,H=0,C=0at0<z<L
t>0:u=u_,v=0T=T_,C=C_,H =H,,at, x =0 Channel entrance
n-1

t>0:u=-cx",v=0,T=T,,C=C,,H=H,x 2 ,at,z=0 (porous wall)
t>0:u=0,v=0T=T,,C=C,,H=H,,at,z=L (impermeable wall) (11)
The non-dimensional Variables are defined as follows’
- u - Y 1)) . T-Towo |
Us— V=— @=-0 ¢ Ut -2 o X T= ' H=HH (12)

U, U, u, L L L T,-T,

Governing equations in non-dimensional form
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. . . A

6—u,+u'a—u.—co'a—u.—Rorv'zi al,J2+8L,J2 = Xiu' = MU'+ ——(mv —u')

ot OX oz R\ ox® oz 1+m

+Gr,T +GrC 13)
. . . A

Yvd o et 8_\/2+6_\2 — Xiu'—Mu’ + 2(v'+mu')

ot OX oz R,\ox® oz 1+m (14)

Equation of energy
or' oT  ar 1[1(eT e o°C o°C) Ec|(au) (v
ot OX 01 R, | pri ox oz OX 0z R 0z 0z

e
+QT - 4 61; +RRm(u'2+v'2)
3NPrR | oz
(15)
Equation of concentration

ocC  .eC oc’ 1 Eazc' azc'j Sr[azT' aZT'j
— 4+ U — W, - + + — -+ >
Re\ ox oz

ot OX 0z ReScl| ox oz (16)
QH . . oulH? o
Where Q = is the non-dimensional heat source/sink parameter. Where M = —=——— is the magnetic field
puc, PY.,
u,L : .4 . .
parameter, Re=—= is the Reynolds number, Xi=— is the permeability
g Uk,
L(T, -T, Q
parameter, Gl’g = % is the local temperature Grashof number, Ro = — is rotational parameter.
k™k D k. (C,6 —C
Where Pr = HCp is prandlt number, N :—*f3 is the radiation parameter, D, = POk, (€, ~C.) is
. 4'T? wee, (T, -T,)
2 071 2 H 2
Dufour number , ECc = is the Eckert number, R :29— is the Joule heating parameter and AT
C,AT PCAT

represents the temperature differences. (TW —TOO )

The initial and boundary conditions in non-dimensional form:
t <0:u =0,v =0,T'=0,C' =0,H =0,at,z=0at0<z<L
t >0:u =1v =0,T =1,C =1 H =1 at,z = 0Channel entrance

n-1

—CLx V=0T =1C =1H =x2,at,z=0 (Porous wall) (17)

t>0:u =

o0

t >0:u =0,v =0,T =,C =1,H =1at,z=L (Impermeable wall)
I1l. METHOD OF SOLUTIONS

The equations are solved using finite differences method and implemented in MATLAB. The finite difference
method replaces each PDE with a discrete approximation for space and time domain.
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The Finite Difference form of the equation of momentum along the x-axis is

k+1 k k+1 k k k k+1 k k k
Ui,jA—tUi,j +Uikj(ui, Umé;‘Ui,j—Ui_l,jj_Wo[Ui, UI1éZUi'j_Ui_lij_%(Viijrl—‘rVikj)
. X 7 : ,

1 k+1 k+1 k+1 k k k 1 k+1 k+1 k+1 k k k
= SR Re(uw—zuh +US+US - 208 +US )+ 2607 Fe Re(um,j—zui, +US+US - 20 +Uf )
X' i M K Gry (ka1 vk, OF (~kut M M gk Ly ket gk
; (U U.YJ)—7(ULj +Ui,j)+7(T”. +T )+ > =(CH+CH )+ T E(vi,j +vi,j)—§(u”. +Uf)
(18)
Making U " the subject of the formula
k+1 k At k+1 k+1 k k k
ij Ui,j+m(ulﬂj U|11+U|+lj_2U +U|1])
+ + At +
( )2 (Ullj-llj Ulkllj +U|I:-11 _2Uk +U|klj)+muilf (Ulkllj U +U| 1])
+ (U, T -UR U ) - —u”—TULj S (T T )+ (ci5t+cl)
AtR N m m /s At w,At At At
(Vukjl Vlkj) 2 _(Vi,kjl+vi,kj)_uilfj /(1+_Uilfj_ —+ 2 T 2
2+2m°| 2 2AX 2Az Re(Az)® Re(AXx)
AtXi  AtM 1( mAt J
+ + += = 1)
2 2 2\1+m
(19)
Momentum equation along y-axis
Vi!<j+l _Vl’kJ +U Vk+l _Vlkll +Vk Viflyj " Vk+l _VlklJ V Vk
At b 2AX 0 2Az
R + 1 + + +
+?0(Uilfjl+uilfj):m( Itlji 2Vk 1+V|k11J +V|-Elj ka +V|klj) (20)
+ 1 (V_k+l 2\/k+l +Vk+l +Vk 2\/ +Vk ) XI (Vk+l Vk) M (V_k_Jrl +Vk)
2(AZ)2Re i+1,j i-1,j i+1,] i-1,j 2 2 i, i,
m + 4
S om [(Vikj VS )+m(Ui'fj1+Ui‘fj)]

Making Vif(;rl the subject of the formula

k+1 k At k+1 k+1 k k At k+1 k+1 k k
Vi,j :Vi,j+2(AX)2 Re(vi+1j VI 1J+V|+1J 2\/ i lj)+m(vi+lj VI 1J+V|+1J 2\/ +V| lj)
K+l k AW, (i k AtXi, i _AtM
2A U (\/I -1,j V +V| lj) A7 (VI -1,j Vi,j+vi—1,]) 2 V 2 Vi,j
AR, 2 A
A (Ut auf )+ 2 v (gl ) s Ay AL, AL
' 2+2m° 7 2+2m ' 2AX 7 2Az  Re(Az)
At AtXi  AtM mAt
+ >+ + - >)
Re(Ax) 2 2  2+2m
(21)
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Energy equation in finite difference form
k+1 k k+1 k k k k+1 k k k
T -T; +UK T =T + T - Ty j_w (Ti,j —-To+T5 _Ti—l,jj
0

uk L
At " 2AX 2Az

1 K+ K+ K+ k k k
= M(Tm,lj - 2T ' +Ti—1,lj +T; — 2T +Ti—1,j)

kel kel k Ko\ kel yskel | ysk k)2
_ otk +Tklj)+E[(Ui,j —Uip; U _Ui—l,jJ _{Vi,j —Via +Vi _Vi—l,jj ]
M Re

l k+1 k+1 k+1 k
+ 2(Az)? PrRe (Ti+l,j =21 4T + T

Ukt Ul ) (Ve vk Y
_.;z(ﬂtflj_z-rikjﬂ—’_-riklﬂj +-I—i$1j_2Tikj+TiElj)+RRe - | -
3NiPrRe(az) " o e 2 2

2AX 2Az7

k+1 k+1 k+1 k k k k+1 k+1 k+1 k k k
+D. Re Ci+l,j _2Ci,j +Ci—l‘j +Ci+1,j _2Ci,j +Ci—l,j +D. Re Ci+1,j _2Ci,j +Ci71,j +Ci+1,j _2Ci,j +Ci—1,j +9|:Tk+l+-rk :I
f f i ij
2(Ax)° 2(Az) 2-M
(22)

Making '|-iykj+1 the subject of the formula

k+1 k At k+1 k+1 k k k

Ti,j :Ti,j +W(Tﬂl,j +Ti—l,j +Ti+1,j _2Ti,j +Ti—1,j)

++(Tiglj +Tiglj +Titlj _2Tikj +Ti51 i )+£Uikj (T.EIIJ —Tikj +Ti51j)
2(Az) PrRe” ’ ’ ’ 1 2Ax T o '
A

+ i (Tiilj T +Tikl,1)_ - (Tiiflj + T+ Ty — 2T +Ti51,i)

201 2(Az)" NiPrRe

k

k+1 k+1 K K )2 k+1 k+1 K K \? K+l 'Y k+1
+AtEC (Ui,j _Ui—l,j+Ui,j_Ui—1,j} +{Vi,j _Vi—l,j+Vi,j_Vi—1,j} L ARRe [Ui,j +Ui,j] _{Vi,j +Vi;

Re 2AX 2Az 2

k+1 k+1 k+1 k k k k+1 k+1 k+1 k k k
Ci++1,j +Ci,j+ +Ci—1j +Ci+1,j _2Ci,j +Ci—1,j Ci++1,j +Ci,j+ +Ci—1j +Ci+1,j B 2Ci,j +Ci—l,j
+AtD, Re > + >
2(AX) 2(Ax)
QAL __, At WAL At At 4At QAt
i T | ZAXUi’j Tz Pr Re(Az)? " pr Re(Ax)? ! 2 Ni -
3(Az)" NiPrRe 2
(23)
Concentration equation in finite difference form
Gl —Ci LU Gl —Ciy +Ci —Ci —w Gl —City +Cii —Ci
At b 2AX 0 2Az
_ l Ck+1 _ch+l Ck+1 Ck _zck Ck
T 2(A%)%sc Re( i+, ] ij Tl Tl it i—l,j) (24)
1 ot K+ Kt K K k
+M(Ci+l,lj _2Ci,j1 +Ci—1,lj +Ci+1,j _2Ci,j +Ci-1,j)
L3 Ty — 20 T + Tl — 2T + T + Tty — 20 T + Tl — 2T + T
Re 2(ax)° 2(az)’
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Making Cﬁl the subject of the formula

k+1 k At k+1 k+1 k k k
clt=cf, jum(c%j +Ci +Cfy —2CK +Cfy )
At k+1 k+1 k k k At |y k+1 k k
+——(C5 . +C +CY, —2C5 +CY L )+—US (G -C5 +C
Z(AZ)Z SCRE( i+1,j i-1,j i+1,j i, |—1,J) ZAX I,j( i-1,j i, |—1,J)
AW, AtST . P (25)
+ . (Cik—l,lj _Cilfj +Cik—l,j)+—2(Ti-l¢(-l,lj _2Ti,kj 1+-|—iEl,1j +Ti:(-1,j _2Ti,kj +TiE1,j)
2Az 2(Ax) Re
P A T T, 2 T
2(Az) Re
114 At Uikj—WOAt+ At —+ At .
2Ax " 2Az  ScRe(Az)®  ScRe(Ax)

IV. RESULTS AND DISUSSION

In order to get a physical insight into the problem at hand, the velocity, temperature and concentration have been
analyzed by assigning numerical values to various non-dimensional parameters. These parameters are input into a
computer program where each parameter is varied at a time. The various parameters that have been varied include,
Magnetic field M, Rotational parameter Ro, Permeability parameter Xi, , time t, , Radiation parameter, Prandtl
number and suction parameter.

> primary Velocity vs Dristance along the plate.
. I I I I I I

08
o) curve M Ro t mi
2 i |100| 5 | 0.000225 | 0.5
8 06 iv_ | 80 | 5 |0.000225 | 0.5
0 v 50 | 5 | 0.000225 | 0.5
> i | 100 | 10 | 0.000225 | 0.5
04 i 100 | 15 | 0.000225 | 0.5
Vii | 100 | 5 | 0.000325 | 0.5
ix |100| 5 | 0.000425 | 0.5
02 vi |100| 5 |0.000225 | 5
Vii [ 100 | 5 | 0.000225 | 15
0 _ -
0 1 2 3 4 5 6 7 8 9 10

Distance x
Fig 2: Primary velocity profiles for different values of Magnetic Parameter M, Rotation parameter Ro, time t and Hall
parameter mi, for heat source and positive Grashof number.

From figure 2 and 3 it is noted that in the presence of a heat source Q > 0, An increase in Magnetic Parameter M

leads to a decrease in the magnitude of primary and secondary velocity profiles. An increase in the Rotation
parameter Ro leads to a decrease in the primary and an increase in secondary velocity profiles. This is because
when the frictional layer at the moving plate is suddenly set into the rotation then the Coriolis force tends to oppose
primary velocity by generating cross flow i.e. secondary velocity. An increase in time causes an increase in primary
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and secondary velocity profiles. An increase in Hall parameter mi, leads to a slight increase in the magnitude of
primary velocity profiles and a decrease in secondary velocity profiles.

Velocity V

secondary Velocity vs Distance along the plate.

Distance x

~ T T T — P el B e
\\\\_=— = : - - B _
- - - curve | M | Ro t mi
Vii 100 | 5 | 0.000225 | 0.5
Vi 80 | 5 | 0.000225 | 0.5
v 50 | 5 | 0.000225 | 0.5
iv 100 | 10 | 0.000225 | 0.5
iii 100 | 15 | 0.000225 | 0.5
ii 100 | 5 | 0.000325 | 0.5
i 100 | 5 | 0.000425 | 0.5
viii 100 | 5 | 0.000225 | 5
ix 100 | 5 | 0.000225 | 15
| | | 1 1 1 | | |
1 2 3 4 5 6 7 8 9

10

Fig 3: Secondary velocity profiles for different values of Magnetic Parameter M, Rotation parameter Ro, time t and

0.8

0.

(o2}

0.

Temperature T
S

0.2

Hall parameter mi, for heat source and positive Grashof number.

Temperature vs Distance along the plate.
T

T T T T T T

curve | M | Ro t mi

iii 100 | 5 | 0.000225 | 0.5

ii 80 5 | 0.000225 | 0.5

i 50 5 | 0.000225 | 0.5

iv 100 | 10 | 0.000225 | 0.5

vi 100 | 15 | 0.000225 | 0.5

Viii 100 | 5 | 0.000325 | 0.5

ix 100 | 5 | 0.000425 | 0.5

v 100 | 5 | 0.000225 | 5

S vii 100 | 5 | 0.000225 | 15

= \Qi\:fm__L___.L—__J____J____J.____
3 4 5 6 7 8 9

Distance x

10

Fig 4: Temperature profiles for different values of Magnetic Parameter M, Rotation parameter Ro, time t and Hall
parameter mi, for heat source and positive Grashof number.

From figure 4 it is noted that an increase in the magnetic parameter causes decrease in the temperature profiles. An
increase in rotation parameter causes an increase in temperature profiles. An increase in time causes an increase in
the temperature profiles. An increase in the Hall parameter mi causes an increase in the temperature profiles.
Increasing mi decreases the conductivity of the fluid, resulting in an increase in Joule heating, leading to a thicker
thermal boundary layer
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Concetration vs Distance along the plate.
T

1 T T T T T T T T
curve | M | Ro t mi
v 100 | 5 | 0.000225 | 0.5
o Vi 50 5 | 0.000225 | 0.5
s viii 30 5 | 0.000225 | 0.5
E vii 100 | 10 | 0.000225 | 0.5
§ ix 100 | 15 | 0.000225 | 0.5
8 iii 100 | 5 | 0.000325 | 0.5
i 100 | 5 | 0.000425 | 0.5

iv 100 | 5 | 0.000225 5

i 100 | 5 | 0.000225 | 15

0.2 | 1 | | | T T T T

0 1 2 3 4 5 6 7 8 9 10

Distance x

Fig 5: Concentration profiles for different values of Magnetic Parameter M, Rotation parameter Ro, time t and Hall
parameter mi, for heat source and positive Grashof number.

From figures 5it is noted that an increase in the magnetic parameter causes an increase in the concentration profiles.
An increase in rotation parameter causes an increase in concentration profiles. An increase in time causes a
decrease in the concentration profiles. An increase in the Hall parameter mi causes decrease in the Concentration

profiles.
] : : Ivelocity Ivs Distarllce alongl the plattle. ' ' .
curves | Xi Ni Wo | Pr
0.8 Vi 0.5 |05 |05 |07
iv 15 |05 |05 |07
0.6 ii 35 |05 |05 |07
2 vii 05 |5 |05 |07
S o0af i 05 |15 |05 [07
2 v 05]05|15]0.7
0.2 i 0510525 |0.7
iii 0505 |05 |0.64
or viii 050505 |7
0.2 | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Distance x

Fig 6: Primary velocity profiles for different values permeability parameter X; , radiation parameter N, suction

Parameter Wo, Prandtl number Pr for heat source and positive Grashof number.

From figure 6 and 7it is noted that an increase in the Permeability Parameter Xi leads to a decrease in the velocity.
In the presence of a heat source, an increase in the Radiation Parameter N leads to an increase in the magnitude of
both primary and secondary velocity. An increase in suction parameter causes a decrease in both primary and
secondary velocity profiles. Increasing prandtl number leads to an increase in both primary and secondary velocity

profiles.
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secondary Velocity vs Distance along the plate.

0.01 T T T T T T T T
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-0.04 iii 055 |05 |7 H
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20.05 | 1 1 1 H
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Fig 7: Secondary velocity profiles different values permeability parameter X; , radiation parameter N, suction

Parameter Wo, Prandtl number Pr for heat source and positive Grashof number.

Temperature vs Distance along the plate.
T T T T

1 T T T T
“ curves | Xi Ni Wo | Pr
Y viii 05 |05 |05 |07 |
L) Vv 1.5 105 | 0.5 | 0.7
- Y —
@ W i 35 |05 |05 |07
§0-6" W iii 05 |5 0.5 | 0.7 i
© w -
g W i 05|15 |05 |07
NN A
§oar N vi 0505|1507 | {
= \ iv 0505|2507
02l vii 0.5]05|05|0.64 | ||
ix 05]05 |05 |7
0 L 1
0 4 5, 6 7 8 9 10

Distance x
Fig 8: Temperature profiles for different values permeability parameter X; , radiation parameter N, suction Parameter
Wo, Prandtl number Pr for for heat source and positive Grashof number.

From figure 8 it is noted that an increase in permeability Xi causes a decrease in the temperature profiles. An
increase in Radiation parameter causes a decrease in temperature profiles. An increase in suction parameter causes
a decrease in temperature profiles. An increase in Prandtl number causes an increase temperature profiles.

Figure 9 it is noted that an increase in Xi reduces the rate of species transportation from the surface of the
contracting sheet, leading to an increase in the concentration profiles. An increase in radiation parameter leads to
an increase in the concentration profiles. An increase in suction parameter causes an increase in concentration
profiles. An increase in Prandtl number causes a decrease in concentration profiles. Prandtl number Pr, is a
measure of relative importance of viscosity and thermal conductivity of the fluid. As Pr increases, the viscous
effects increase thereby reducing species molecular activity. This leads to decrease in mass average velocity that in
turn leads to a decrease in concentration profiles.
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Fig 9: Concentration profiles for different values permeability parameter X;, radiation parameter N, suction
Parameter Wo, Prandtl number Pr for heat source and positive Grashof number.

V. CONCLUSION

The study of velocity field, variation of temperature and concentration past contracting rotating porous medium has
been carried out. The PDE’s governing the flow is highly non-linear and coupled, and the equations have been
solved by using the finite difference method. Codes are run for small values of time and there is no significant
difference in the results obtained. Some of the findings are:

i. Primary velocity rises with an increase in time, radiation parameter, Hall parameter and Prandtl number.

ii. Primary velocity reduces with an increase Hartman number, permeability parameter, Rotation parameter,
suction parameter.

iii. Secondary velocity rises with an increase in time, radiation parameter, Rotation parameter, Hall parameter and
Prandtl number.

iv. Secondary velocity reduces with an increase in Hartman number, permeability parameter, suction parameter.
v. Temperature rises with an increase in time, Rotation parameter, Hall parameter and Prandtl number

vi. Temperature reduces with increase Hartman number, permeability parameter, suction parameter and radiation
parameter.

The present work can provide basis for further research by including flow that involves non-Newtonian fluids.
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NOMENCLATURE

Roman Symbol Quantity
Concentration susceptibility, [kmﬂima ]
Acceleration due to gravity vector, [ ms?]
Magnetic flux density along the x- axis [wbm?]
Specific enthalpy, [ Jkg™* k]

Current density, [Am?]

distance between vertical sheets, [m]

Heat generation constant, [W ma]

Thermal conductivity of porous medium, [wm™ k™]
Absolute free temperature of the fluid, [K]

Absolute temperature of the upper sheet [K]

an

M HAx o oS TIC@
=]

b

£

Absolute temperature of the contracting sheet, [k]
Contracting rate, [s™]
Specific heat at a constant pressure, [Jkg ™ k™]

O O
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k,p Darcy permeability, [m?]

k* Mean absorption coefficient of the fluid, [112~ 1

D Molecular diffusion coefficient, [712% 5 1]

D, Thermal diffusion coefficient, [kgm ™ ts 1K ~1]

Q Dimensionless heat source

GREEK SYMBOL QUANTITY

B Volumetric co efficient of thermal expansion, [k]

}9* Coefficient of thermal expansion due to concentration gradient, [k™]

a* Stefan-Boltzmann constant, [Wm ™2 K %]

o Fluid density, [kgm™]

u Coefficient of viscosity, [kgm s

1 Angular velocity, [S 1]

o Electrical conductivity, [(2 " 1m ™1

He Magnetic permeability, [Hm ]

d a a

v Gradient operator ~ {— + j — —

P Lﬂx+‘}3y+kﬂz
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