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Abstract: The effects of induced magnetic field, hall current and thermal diffusion for an incompressible, unsteady,
viscous MHD Nano-fluid flow past a semi-infinite oscillating vertical flat plate embedded in a porous media, have
been reported in this paper. A strong magnetic field is subjected transversely to the direction of the flow. The induced
magnetic field is considered to be strong. The equations governing the flow, are solved by finite difference method
of approximation and numerically solved by use of MATLAB software. The effects of the flow parameters on
temperature, velocity, and concentration profiles, mass transfer and heat transfer have been investigated, discussed
and results presented in graphs. The numerical results of this study reveal that; increasing the rotation parameter
increases the induced magnetic field which in turn increases both primary and secondary velocities. Again, an
increase the hall current parameter leads to an increase in both primary and secondary velocity profiles near the
plate but the velocity remains constantly distributed far away from the plate.
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I. INTRODUCTION

MHD convective heat transfer in Nano-fluids has many applications and participates in an essential task in both sciences
and engineering. They need heat transfer fluids in technology for applications such as cooling or heating, solar energy, and
nuclear reactors, among others. Since fluids have a lower thermal conductivity than metals, it is essential to combine all
types of fluids with Nano-sized metals to improve the fluids’ heat transfer capacity. In this regard, the study of Nano-fluids
has received extensive attention in the past decade due to enormous industrial, transportation, electronics, biomedical
applications, such as in advanced nuclear systems, cylindrical heat pipes, automobiles, fuel cells, drug delivery, biological
sensors, and hybrid-powered engines. Nano-fluid is a term initially used by [1] and refers to a new class of heat transfer
fluids with superior thermal properties. The mixture of the base fluid and nanoparticles having unique physical and chemical
properties is referred to as a Nano-fluid. It is expected that the presence of the nanoparticles in the Nano-fluid increases the
thermal conductivity and therefore substantially enhances the heat transfer characteristics of the Nano-fluid. Thermal
diffusion on free convection has become more significant due to its numerous applications in the engineering process and
physics, more specifically in the design of high temperature processes, pertinent equipment, and space technology. Recent
advancements in gas turbines, hypersonic flights, nuclear reactors, space vehicles, and nuclear power plants have attracted
attention of scholars to research in this field. [2] studied hall effects on an unsteady magneto-hydrodynamic (MHD)
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free convective flow of a viscous incompressible electrically conducting optically thick radiating fluid past a vertical porous
plate in the presence of a uniform transverse magnetic field. [3] Studied on the 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
and considered magnetic Reynolds number so small such that the induced magnetic field can be neglected. [4] Studied the
impact of Hall current, Radiation, Soret, and Dufour on an unsteady MHD Natural convective flow over an infinite vertical
plate fixed in a porous media. They used efficient Galerkin method to solve the non-dimensional governing equations along
with the boundary conditions. [5] Researched on the Hall current and thermo-diffusion effects on magneto-hydrodynamic
convective flow near an oscillatory plate with ramped type thermal and solutal boundary conditions. [6] Studied ion slip
and hall impacts on an unsteady laminar MHD convective rotating flow of heat generation of second grade fluid over a
semi-infinite vertical moving permeable surface. [7] Researched on the Dufour, radiation absorption, Hall and ion slip
effects on MHD free convective rotating flow of Ag - water based Nano-fluid past a semi -infinite permeable moving plate
with constant heat source. [8] Studied thermo-diffusion, thermal radiation, Hall and ion slip effects on heat and mass
transport of free convective MHD micro polar fluid flow bounded by a semi-infinite absorbent plate with rotation and
suction. The plate was assumed to oscillate in time with constant frequency so that the solutions of the boundary layer are
of the same oscillatory type. [9] Investigated on the Influence of Hall current and thermal diffusion on radiative hydro-
magnetic flow of a rotating fluid in presence of heat absorption. [10] Studied radiation-absorption, chemical reaction, and
Hall and ion-slip impacts on unsteady MHD free convective laminar flow of an incompressible viscous, electrically
conducting and heat generation /absorbing fluid enclosed with a semi-infinite porous plate within a rotating frame. [8]
Investigated on diffusion-thermo, radiation-absorption and Hall and ion slip effects on MHD free convective rotating flow
of Nano-fluids (Ag and TiOy) past a semi-infinite permeable moving plate with constant heat source. Most studies which
have been done revolve on hall and ion slip effects with an exclusion of induced magnetic field.

Motivated by the above referenced work, the analysis of the effects of induced magnetic field, Hall current and thermal
diffusion effects on water-based aluminum oxide have received little attention.

1. MATHEMATICAL FORMULATION

This study considers free convective and radiative magneto hydrodynamic fluid flow past an oscillating semi-infinite
vertical porous plate subjected to a uniform magnetic field. The x-axis is at the vertically upward direction which is the
direction of flow. The z-axis is taken normal to the plate and the velocity is a function of z and t; for z=0.

Flow due to hall effects
Concentration boundary layer

_— Thermal boundary layer
—
B Momentum boundary layer
0

z

Fig. 1. Flow Geometry
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MODEL ASSUMPTIONS

o The Nano-fluid is incompressible hence the density is assumed to be constant.

o The fluid flow is one-dimensional (1-D).

e Lorentz and gravitational forces are the only significant body forces.

o Since the flow is in presence of a strong applied magnetic field, the nano-fluid is considered electrically conducting.
e The flow is laminar; the fluid particles move in small layers.

e The chemical reaction between the fluid and nanoparticles is negligible

e Thermal conductivity, electrical conductivity and co-efficient of viscosity are constants.
o All variables are functions of Z and t only.

MODEL EQUATIONS

oW

—=0 (2)
0z
Applying Boussinesq approximation and considering the oscillatory motion given by [11] as well as neglecting the pressure
gradient, and that the fluid velocity through porous media is approximately inversely proportional to the kinematic viscosity

of the fluid , £, , the momentum equations are given as;

v ou ot w,
pnf|:a+5_zgv}:/unf _?}_Tfu_i_gpnf [(ﬂT)nf(T _Too)+( C)nf(C_Cw)] ?)

+ByJ,

Pt [Q—'_@_ZQU} = Hy¢ ﬂj| - Hi V+ gpnf [(ﬂT )nf (T _Too)+(ﬂc )nf (C _Coo)]

ot oz | oz° k ©)]
+bJ, —B,J,
The boundary and initial conditions are specified as;
Fort<0; u=v=0; T=T_; C=C_ for all z
At t>0and z =0; v=0;u=U, (1+ & cost) 2—1 :_:TZ(TW -T,), Z_Cz: =— SSB (c,-C)T=T;

Fort>0, u—»0,v—>0,T->T,;C—>C, asz—>wo

Where & is asmall constant quantity and U . is the uniform velocity.

However the strength of magnetic field is taken to be very large and the generalized Ohm’s law is adapted with Hall impacts
incorporated, therefore;
W, 7, 1 -
J+—=2[IxB]=c|E+VxB+—Vp, @)
en
0 e
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Since there are no externally applied electric field that is; E =0 and neglecting the electronic pressure; —— V0, = 0

e
equation (4) becomes;

3+ Xefe [, B]= oV x B] ©)
BO

Where;

J=J,i+J,j+Jk and B=Dbi+0j+BK and V = ui+vj+wk 6)

Taking into account the fore-mentioned assumptions equation (5) reduces to;

JX+mJy:(SB0v )
22 2
WLLLILIS | N R VR ®)
2 y X B 0
0 0
J —m—bJ =—dv 9)
z B y
0

Where; M = W,7, is the hall current parameter and b is the induced magnetic field happening along the X —axis .
Solving (7), (8) and (9) simultaneously, we yields;

J, =L“(v+mu— mwa (10)
14m? 4+ By
02
% 2
J, = —— {mv—u+b—w+mb2VJ 11)
1+m? + b o B
2
0
3 - B, m’bv . mb?w . m’b’®v mbu bv 12)
’ m’b®| B B,’ B, B, B
1+m? + 0 0 0 0 0

2
0

Substituting (10) to (12) into (2) and (3) we obtain;

ou au o’u| My
R (AN ARVANCESN)

B, [ bw mbva (13)

+

mv—u+—+
m?p? B, B,
2

0

1+m? +
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N v _ o] _ _
pnf{a+wg_29u}_ﬂnf{azz} k V+gpnf{(ﬂT)nf(T Tw)+(ﬂC)nf(C COO)}

m?b?v  mb?u b2v+mb3w

14
£02 BOZ BOZ BOZ 803 ( )
’ v*| m%'v  mbw
1+m?+ B2 x 5 mu —vV
0 0 0

Considering, thermal radiation as the only significant energy source, S, . However, the porous plate is in presence of thermal
buoyancy effect with constant heat source and convective boundary condition.

k
f
According to [12] thermal diffusivity «,, of nanofluid is given as; &y = (—nT hence equation reduces to;

pCP nf

orT oT oT Q oq
- - = T-T -2
e anf(azz}(pcp)m T-1.)-7 (15)

Where Q is temperature dependent volumetric rate of heat source. The radiative heat transfer is catered for by Stefan-

Boltzmann law of radiation which advocates that the total radiative energy emitted by a black body is directly proportional
to the fourth power of its temperature. From Rosseland approximation is given by, [13] the radiative heat flux is given as;

&% _ 16T 0T (16)
oz k" 0z
Where 0'*(= 5.67 x10°® W/m2k4) is the Stefan-Boltzmann constant and k*(m_l) is the Rosseland mean

absorption coefficient.

oC oC 0°C
~Ziw==D +k'(C-C 17
ot oz B(azzJ ( ) an

ob ob ob ou o%b
—=V—-W—+B,—+D, —
ot oz 0z 0z oz

Nano-fluids possess various thermo-physical properties which include; electrical conductivity, specific heat capacity, ,
dynamic viscosity, density, thermal conductivity and coefficient of volume expansion due to changes in temperature and

(18)

concentration. According to [13] the below are thermo-physical characteristics of nanofluids where f denote H 20 S

denote Al,O,and @ is the solid volume fraction of the nanoparticles.

The density of the nanofluid is expressed as;
P =L=2)p; +9p, (19)

The specific heat capacity of the Nano-fluid is expressed as;

(PCo ) =(0-9)eC, ), +4(oC, ). 0)
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The thermal conductivity of the Nano-fluid is denoted as;

ke [k, +2k, —26(k, k)

nf

= (21)
ki | ko + 2k, +glk, -k, )
The dynamic viscosity of the Nano-fluid is expressed as;
Ky
Mot =755 (22)
1-¢)
The volume coefficient as a result of temperature changes of the Nano-fluid is expressed as;
(ﬂT )nf = (l_ ¢AIZO3 )(/BT )HZO + ¢AIZO3 (ﬂT )AI203 (23)
In a similar manner the volume expansion coefficient as a result of concentration change of the Nano-fluid is denoted as;
(ﬂc )nf = (1_ ¢AI203 )(ﬁc )HZO + ¢AI203 (ﬂc )A|203 (24)
Introducing the non-dimensional quantities;
« U « Vv « 7 . tU « b

U=—; V=—;z2=—t=—L:pb=—

U, U, L L B,
W_C—Coo H—T_T‘” _ 2Qv, Ve LW, K _ LK’

Cw_Coo1 w Too1 Ur2 ’ ' 2% ’ Ur’ f Ur
K:kUr_ 0 :QVf2 2:§f802|—, S _v G :g(ﬂT)nf(Tw Too)l—

VfL7 : Urzkf 7 pnfUr , ¢ DB’ ' Ur2

g(ﬂc)nf(cw_cw)L UrL UrL
GC = > Rm = , Re =
UI’ Dm Vf

Where R is the Rotation parameter, S is the Suction parameter, P, is the Prandtl number, K is the permeability
parameter, M is the magnetic field parameter, QH is the heat source parameter, Kr is the chemically reacting parameter

and S, is the Schmidt’s quantity, F is the thermic dissipation parameter, R, is the magnetic Reynolds number,

m

G, and G, are Grashof numbers and R, is Reynolds number.

In this study, all the variables without superscript () star represent dimensional variables, otherwise non-dimensional
variables.

According to [12] the continuity equation (1) reduces to;

W =W, (25)
Where W, is the normal velocity at the plate which is negative for suction and positive for injection.

Making use of the fore-mentioned non-dimensionalized quantities and nanoparticle thermo-physical characteristics,
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(30)

Fort<0; u =v =0; #=0; w=0 for all z

Fort>0and z=0; u=U,(+¢&cost), v=0, g =-N.(1-6(2)), o =-N,(1-y(2))

Fort>0;, u=v=0; 6 >0, y >0as Z »>»

METHOD OF SOLUTION

Finite difference method is used to solve equations (22) to (26). This is because it converges to exact solution as the stepsize
decreases, it is stable and consistent since the truncation error tends to zero as the step size decreases.
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The dicretisized frontier conditions are;

For t<0; u™ik =v'ix =0; 6/, =0; y!, =0 for all k
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For t>0and k =0; uix =U, (1+&cost); vik =0,
Or, =N, (-6, Az + 00, iy =Ny [y, oAz +y7
Fort>0; u'ik =Vik =0; ' -0 y/, >0 as k >
I1l. RESULTS AND DISCUSSIONS

In this numerical work, the following parameter values have been used unless otherwise stated, (15 =0.35, P, = 3950
, Py =997, (Cp)s =765, (Cp)f =4179, R=0.015, S=-02, K=0.8 m=0.7, M =2,
G,=15,G6,=15,5,=08, K, =2, R, =65,R, =180, N, =1, N, =1, P =6.72,Q, =25, F = 0.6

i. Effects of Flow Parameters on Velocity Profiles

06
M=1 M=1
M=2 M=2
M=3 05 F M=3
0.4
"cc‘?o‘s
£
0.2
0.1
0 0‘1 0‘2 0‘3 0.‘4 05 06 07 08 09 1 0 - - - .
Distance, z 0 01 02 03 OADistg:ce Zo‘s 07 08 08 1
Fig. 2. Varlatlon.of primary velocity with Magnetic Fig. 3. Variation of Secondary velocity with magnetic
Field Parameter, M field parameter, M

From Fig. 2 & 3, we note that;

An increase in the magnetic field parameter, M causes a decrease in both primary and secondary velocity profiles. This is
because it increases Lorentz forces which creates a force opposed to the fluid motion.

0.35
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Fig. 4. Variation of primary velocity with Reynolds Fig. 5. Variation of Secondary velocity with Reynolds
Number, R, Number, R,

From Fig. 4 & 5, we observe that;
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An increase in the Reynolds Number leads to an increase in both primary and secondary velocities near the plate but
decreases the velocity away from the plate to a point where the velocity becomes uniformly distributed. This is because
increase in Reynolds number means the viscous force becomes less predominant hence the inertia forces prevails.

Velocity, u

Sc=0.5
0.9r = S5c=0.8
Sc=2.5
0.8r
0.7r
0.6r
0.5r

<
T~
T

0 0.1 02 03 04 05 06 07 08 09 1
Distance, z

number, S,

Fig. 6. Variation of Primary Velocity with Schmidt

Velocity, v

—35c=0.5
—S5c=0.8
—Sc=2.5

0

Fig. 7. Variation of Secondary Velocity with Schmidt

0.1 02 03 04 05 06 07 08 09 1
Distance, z

number, S,

From Fig. 6 & 7, it is noted that;

An increase in the mass diffusion parameter, S, leads to a decrease in both primary and secondary velocity profiles near

the plate and remain constantly distributed far away from the plate. This is due to increase in viscous diffusion rate which
leads to decrease in buoyancy forces; which in turn results to reduction in flow of the fluid.

Velocity, u

m=0.3
m=0.7
m=1.2

o
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0 0.1 02 03 04 05 06 07 08 0.9
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Fig. 8. Variation of primary velocity with hall
parameter, M
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Fig. 9. Variation of secondary velocity with hall

parameter, M

From Fig 8 & 9, it is noted that;
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An increase the hall current parameter leads to an increase in both primary and secondary velocity profiles near the plate
but the velocity remains constantly distributed far away from the plate. This is as a result of the fact that increase in the hall
parameter predominates Hall Effect on flow of electrons hence an increase in velocity profiles.

045
R=0.01 R=0.01
R=0.015 0.4 R=0.015
R=0.02 R=0.02
0.35
0.3
3 >
> 5, 0.25
g g
2 k=]
s $ 02
0.15
0.1
0.05
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 OO 0.1 0‘2 0‘3 0I4 0.5 0.6 OI? OIS 0‘9 1
Distance, z Distance, z
Fig. 10. Variation of primary velocity with Rotation Fig. 11. Variation of Secondary velocity with
Parameter, R Rotation Parameter, R

From Fig. 10 & 11, it is noted that;

Increase in the rotation parameter, R increases both primary and secondary velocities near the plate and remains constantly
distributed far away from the plate. This is due to increase in Coriolis force on velocity of the rotating fluid hence increase

in velocity.
1 0.6
——0q,=05 Q,=05
09 _— Q:=2.5 Q=25
0.8 ——q,=35 051 Q,=35
0.7
04|
5 0.6 >
> =
T 05 B 03
o o
> 04t =
0.2
03r
02r 01
0.1
0 . : ‘ : ‘ ‘ 0 : : : : ‘ :
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Distance, z Distance, z
Fig. 12. variation of primary velocity with heat Fig. 13. variation of secondary velocity with heat source
source parameter, Q,, parameter, Q,,

From Fig. 12 & 13, it is observed that;

An increase in the heat source parameter, Q, increases both primary and secondary velocities near the plate and remains
constantly distributed far away from the plate. Increase in heat source means increase in temperature gradient and this leads
to increase in velocity distributions.

Page | 26

Novelty Journals



http://www.researchpublish.com/

- - Novelty Journals ISSN 2394-9716

International Journal of Novel Research in Interdisciplinary Studies
Vol. 10, Issue 2, pp: (16-31), Month: March — April 2023, Available at: www.noveltyjournals.com

1 05
5=0.0 —S5=00
08 8=-02 0457 —5=02
$=-03 N
081 04
o7 0.35
06+
= . 03
= 5
‘c 05¢F £
§ Zozs
04+ 0
> 02l
03+
0.15
02+
0.1
041+
0.05
0 . ‘ .
0 01 02 03 04 05 06 07 08 09 1 . ‘

o

01 02 03 04 05 06 07 08 08 1
Distance, z

=}

Distance, z

Fig. 14. variation of primary velocity with Suction

Parameter, S Fig. 15. variation of secondary velocity with

Suction Parameter, S

From Fig. 12 & 13, it is observed that;

Increase in the suction parameter increases both primary and secondary profiles near the plate and the velocities remain
constant far away from the plate. This is because increase in suction leads to suction pressure which creates a low pressure
region which makes the fluid to flow faster to fill the lower pressure region hence an increase velocity.

ii. Effects of Flow Parameter on Temperature Profiles

071 08¢
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Fig. 16. variation of temperature with Reynolds number, Fig. 17. variation of temperature with suction
R parameter, S
e
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Fig. 18. variation of temperature with specification of volume fractions of nanoparticles, ¢

From Fig. 16, 17 & 18, it is note that;
e Anincrease in Reynolds number, R, increases the temperature profiles. This is due to decrease in viscous forces and
since temperature and viscosity are inversely proportional, a decrease in viscous forces yields an increase in temperature.

e A decrease in the suction parameter, S increases the temperature profiles. This is because suction leads to increase in

velocities which further leads to the increase in the kinetic energy which is converted in to thermal energy and this results
to temperature increase.

e Increasing the volume fractions of nanoparticles, ¢ causes an increase in the temperature profiles. This is as a result of
increase in the thermal boundary layer thickness.

iii. Effects of Flow Parameters on Concentration Profiles
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Fig. 19. variation of concentration with Reynolds parameter, S
number

From Fig. 19 to 21, it is note that;
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e Anincrease in the Reynolds number, R, leads to a decrease in the concentration profiles due to increase in inertial

forces which increases the velocity hence a decrease in concentration.

e Decreasing the suction parameter, S increases the concentration. This is due to high temperatures as a result of
increased kinetic energy hence a decrease in concentration boundary layer.

iv. Effects of Flow Parameters on induced magnetic field Profiles
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Fig. 22 variation of induced magnetic field with
suction parameter, S

From Fig. 22 & 23, it is observed that;

o Increase in the magnetic field parameter reduces the induced magnetic field profiles. Increase in magnetic parameter
leads to an increase in Lorentz forces which opposes the flow hence a decrease in the induced magnetic field.

e Reducing the Suction parameter diminishes the induced magnetic field profiles near the plate and increases the induced
magnetic far away from the plate. This is because with decrease in suction parameter, the velocity decreases hence a
decrease in interaction between the magnetic field and the fluid leading to a decreased magnetic induction.
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Fig. 23. Variation of induced magnetic field with
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From Fig. 24 to 26, it is observed that;

e Anincrease in the magnetic Reynolds number, R and Reynolds number causes an increase in the induced magnetic

field near the plate and decreases the induced magnetic field far away from the plate. This is due to the fact that presence
of magnetic field acting perpendicular to the flow in an electrically conducting fluid produces a force which acts against the
fluid flow (figure 24 & 25)

e An increase in the Permeability parameter, K causes an increase in the induced magnetic field near the plate and
decreases the induced magnetic field far away from the plate.
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From Fig. 27 & 28, it is observed that;

e The induced magnetic field increases with an increase in rotation parameter, R and hall parameter, M. This is as a
result increased magnetic field which induces electromotive force hence the faster the rotation the greater the induced
magnetic field.

o Increase in hall parameter, M leads to increase in induced magnetic field. This is due to increase in the hall parameter
which predominates Hall Effect on flow of electrons which in turn increases magnetic field hence an increase in induced
magnetic field.
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IV. CONCLUSION

In this work the effects of induced magnetic field, hall current and thermal diffusion past a semi- infinite porous plate with
an oscillatory motion have been formulated and solved numerically. The equations governing the flow have been solved by
finite difference method and numerical results simulated using MATLAB software. It is found that increasing the rotation
parameter increases the induced magnetic field which in turn increases both primary and secondary velocities. Again, an
increase the hall current parameter leads to an increase in both primary and secondary velocity profiles near the plate but
the velocity remains constantly distributed far away from the plate. However, an increase in suction parameter tends to
increase temperature which in turn increases concentration.

From this observations, it’s clear that the parameters in the governing equations affect velocity, temperature, concentration
and induced magnetic profiles. It is recommended that this work can be extended by considering: variable strong magnetic
field inclined at an angle to the plate, turbulent flow of nanofluid and also the effects of parameters in the governing
equations on skin friction on both heat and mass transfer.
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