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Hall Effects on Unsteady Magneto
Hydrodynamic Convection Flow of Nanofluids
Past a Rotating Porous Plate

Pushpabaipavar, L. Harikrishna, M. Suryanarayana Reddy

Abstract: The effects of Hall current are considered for the
convective  rotational  current  free of  nanofluid
magnetohydrodynamics (copper and alumina) in a permeable
medium with a vertical porous flat plate, semi-infinite rotation
with stable state of the heat source and convection limit. The slip
rate is expected to oscillate over time with a constant frequency
so that the boundary layer solutions are of the equivalent
oscillating type. The equations to regulate the flow are
analytically solved by perturbation estimation. The effects of
different parameters on the flow are investigated by means of
diagrams and tables.
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NOMENCLATURE

u,v,w velocity components along x, y andz-axis
respectively.

B coefficient of the thermal expansion.

K, Thermal conductivity.

U,  The uniform reference velocity.

& The small constant quantity.
o Electric conductivity.

P Density.

/un f
<, )n . heat capacitance.

Vviscosity.

—

g acceleration due to gravity.

k  permeability of porous medium.

T  Temperature.

Q Temperature dependent volumetric rate of heat source.
o, Thermal diffusivity.

(pB),; Thethermal expansion coefficient of the nanofluid

1) Solid volume fraction of the nanoparticles.
Wy The normal velocity at the plate.
v  Kinematic viscosity.

R rotational parameter.
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M  magnetic field parameter.

Pr  Prandtl number.

S Suction (S>0) or injection (S< 0) parameter.
K Permeability of the porous medium and
Qn Heat source parameter

Bo Magnetic induction

k  Permeability of porous medium

€ Angular velocity

o Electrical conductivity of the fluid

/4 Convective parameter

Re,  Local Reynolds number

T Skin friction parameter

Nu Nusselt number

n  Frequency of oscillation

t Time
Subscripts:

f Base fluid
nf  Nano-fluid

s Nanosolid paricles

I. INTRODUCTION

There is very significant interest in science and technology
for convective Nano fluid heat transfer. Ethylene glycol,
Water, and engine oil are heating or cooling agents and play
a decisive role in many industries ' thermal management with
low thermal conductivity. We enhance thermal conductivity
for extended surfaces, mini-channels and micro-channels.
Concrete materials have higher thermal conductivities.

The word nanofluid has been presented first by Choi [3].
Nano-particles are a viaduct between enormity materials and
nuclear or molecular sytheses. Some of nano-particles have
utilized are Al, Cu, Fe and Ti or their oxides. Progressed
nuclear system [1] has great application utilizing of
nanofluids. Micro-channel miniaturization and cooling of
the system, heat transfer system size decrease, improved heat
transfer and negligible clogging are the advantages of
nanofluids. Conge do et al. [5], Das, Kalidas [11] and
Ghasemi discussed on regular convection heat transfer in
nanofluids. The 2-dimensional regular convection flow of a
nanofluid in a walled in area has been discuused by Khanafer
et al. [4]. MHD Non-Newtonian fluid rotating streams have
various uses in turbo equipment, geophysics, meteorology,
and a few areas. Das, Kalidas[11], Bakr6] and Das[9]
investigated micropolar fluid free convection flow in a
pivoting stream.
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As of late, Hamad and Pop [7] researched free convective
MHD pivoting flow in a nanofluid with steady heat source.
Kalidas[11] have suggested the new nanofluid model.
Makinde and Aziz [8], Das, Kalidas [11] and Yacob et al.
[10] discussed the heat transfer hitches for the flow of the
boundary layer with a special type of boundary condition.
Veera Krishna et al. [12] investigated the effects of Hall
current on magnetohydrodynamic currents through porous
channels. Taking into account the aforementioned facts, the
effects of Hall on the central flow of nanofluid unstable
magnetohydrodynamic free convection (copper and alumina)
in a permeable medium are calculated.

111. FORMULATION AND SOLUTION OF THE
PROBLEM

We consider the effects of Hall on the unstable free
convection flow of nanofluids at room temperature (copper
and alumina) on a permeable plate in vertical semi-infinite
movement embedded in a homogeneous porous medium
under the influence of thermal buoyancy with a stable heat
source and A special kind of boundary conditions. We
assume that the nanoparticles had a uniform shape and size.
There is also thermal equilibrium in both nanoparticles and
liquid phase.

Image. Fig. 1 Images the physical problem model. It is
assumed that the flow is in the x-direction obtained in the
ascendant direction along the sheet, and it is usual for z-axis.
The whole device is rotated at an angular velocity around
z-axis. It is assumed that an invariable peripheral magnetic
field BO acts along the z-axis. Voltage also does not apply (E
= 0). The induced magnetic field is small in contrast to the
outer magnetic field. Therefore, the Reynolds magnetic
number is low for the oscillating plate. Because of the
assumption of a semi-infinite platelayer, each of the variables
is as if they were elements of z and time.

T_Momentum boundary layer

A

x
T Thermal boundary| layerT

Flow due to
Hall effects Porous medinm
—_—

Bo

oT 0T o°T Q
ot o M a2 (pc,) r-r.) %)
The conditions are determined by
u :U,[1+g{exp(int)+exp(—int)}},v:0, -K,, Z—Z:h, (T,-T.)atz=0 for 120
u—>0, v-0, T->T, as z—->w»

(6)

At the point when the value of the magnetic field is
enormous, the description of the law of Ohm is modified to
integrate the condition of the Hall so that

J+a§%(JXB):J{E+VXB+1VPe} U]
0

lonic and thermoelectric impacts are excluded. We press
w7, ~0(1) andwz; <<1, where @, and 7, are
respectively the cyclotron frequency and the collision time
for the ions. Likewise, we expect that E = 0 under suspicions
will decrease to

e

J,+mJ, =o0B
x+ y obyV (8)
J,—mJ, =—aByu (8.2)
Solving equations (8) and (8.a) we get,
JX= UBO > (v+mu) 9)
— O'Bo (20)
J, = Tom? > (mv—u)
We are replacing the equations (9) and (10) respectively in
(3) and (2)
ou  ou _MOu_p U 0B
§+WE—ZQV7PMazz oK 1 (mv u+gs,(T-T.)
(11)
ﬂ+Wa +2§2u_&ﬂ—ﬂ”—'v— oB, (v+mu)
ot oz p, 07 p .k 1+m’ (12)

The velocity of the oscillatory pIate assumed in equation (6)
The effective nanofluid density is determined by

Pnt = (1_¢)Pf + dp,
Thermal diffusivity of the nanofluid is
Ko (14)
anf = ( ’
pCp nf
Where, the nanofluid's heat capacitance Cp

(0C,), ==9)eC,), +4leC,),

The thermal conductivity of the naofluidk, for spherical
nanoparticles is as Maxwell

(13)

(15)

/0 z knf z(ks+2kf)_2¢ (kf—kS) (16)
kf (ks+2kf)+2¢(kf _ks)
y Fig. 1 Physical model The coefficient of thermal expansion of nanofluids is
The basic conditions that depict the physical circumstances — (p )., = (1—¢)(p B), +8(p B),
are given under the approximations of the limit layer . . L . . (17?
ow . ) Finally the effective dynamic viscosity of the given nanofluid
01 . = Hi
ou, ,0u P OU_ @ " (1-g)f®
ot Wo T HNE 07 pk+BJ+gﬁ AT-T) 1-9) (18)
2 v
ﬂ+Wﬂ+2§2u:ﬁﬂ—ﬂL—BOJx ®)
ot 0 p., 07" p k
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The thermo-physical properties of the nanofluids are given in
Table 1.

W= (19)
Where, wy is the normal velocity
Let us add variables that are dimensionless:
u Vv , U 2 nv
u':_l VI:_a Z= r! t'=tUr ’ ‘= 2f y
Ur Ur Vf Vf Ur
g (T-T,) R 2 By oV,
(T, -T.) u? U\ o
v W, kU? V2
Pr=— S=-0 K= zfQH_QZr
af r Vf Ur kf
(20)

Using above non-dimensional variables in equations (2)-(4)
we obtain the following dimensionless equations

{1(’”%5}} T +“’+¢[$§;THQ

(21)
P, ov OV __ 1 &ov o8 v
{1—¢+¢[;H(E—SE+RUJ7(l_(p)zsﬁ 1+mz(v+mu) K
(22)
C 2
1o prg| PGL|[20 go0)_1(k 20 o,
(pC,) ||Lot ~oz) Pr{k oz
(23)
The attribute of velocity is Ur
1
Ur = [gﬂf (Tw _Too)vf] s
The borders are
u=v=0,6=0, fort<0 (24)

u:1+§{exp(int)+exp(—int)}, v=0, 6'(0)=-y(1-6(0))atz=0

u—0, v-0 0—>0 as z—>w

(25)

hev, .
Here y = ——— is the connective parameter.
f r
We now combining the equations (21) and (22) by
substituting the fluid velocity in the form as (let = u +iv).
We're having it

R e e CR ) R
(26)

The conditions for the boundaries (24) and (25) are as

follows:

V=0, =0 fort<0

@7)

V(O):1+%{exp(int)+exp(fint)}, 6'(0)=—y[(1-6(0))] } for £0

V>0 650 as z—>wx

(28)
In order to locate the logical arrangements for the
arrangement of partial differential conditions (23), (26) in
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the plate region under the limit conditions (27), (28), we
transmit, as well as (Das [11]).

a(z,t)=q, +§[exp(int)ql(z)+exp(—int)q2 (z)] (29)

0(z,1)=6, + g [exp(int ), (z)+ exp(int)6, ()] (30)
For &(<<1).Recalling the previous equations (29) and (30)

in equations (23) and (26) respectively. We obtain the
following equations by matching non-harmonic and
harmonic terms and neglecting the higher order conditions

of &. We get the following comparisons:
1 g _ Pyl ainli_ P. M 1
(17(0)25% +S[1 <o+<o{p']]qo {ZIR{l <o+co[p'J}+l_im+K}qo
)
1- = |16,=0
{ ¢+¢[(pﬂ)’ b
(1)

il mofofgh
fofeal-

(32)
iAol s
ol o -
';“ff 6,"+Pr S{l— ¢+ ¢(((%:)Iﬂ 6'~Qub =0 -

confeo e fgt b

(35)
i"" 0,"+ Prs{l—¢+¢[((;%)fﬂ 6’21'—{in Pr{l—¢+¢[((%)f}}—QH}92 =0
(36)
The boundary conditions are:
q,=0,=0,=1 6,'=-y(1-6,), 6'=y6, 6,'=y0, at2=0
(37
g,—0, 9 —0,0,—0, >0, 6 —>0,6 >0az—>x
(38)

Conditions for solving (25) — (30) under conditions (31), (32)
are expressed as temperature and velocity

q=Aexp(-mz)+(1- A)exp(—mzz)+(§)[exp(—maz +int)+exp(-m,z—int)|

(39)
__ 7
0= exp(-m;z)
m+7 (40)
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We see the solution (39) and (40) approaching the constant
surface temperature solutions as y—»co an alternative. From
the boundary conditions this can be seen (28), which gives
&0) =1 asy—»oo. It should also be noted that conditions (39)
and (40) reduced to those of Hamad and Pop [7 ] when m = 0,
K —wand y—ow.

The coefficient of skin friction Csand Nusselt number N,
described as

¢, -Tks__L_yq)

P Ut2 (1_¢)2.5
= —ﬁ{ﬁiml +1-A)m, + (g) [m, exp(int )+ m, exp(- int)]}
(41)
el
0
T ZT = k"f Re, 0'(0)
f (42)
Where Re i
Vf
Thus
k
§—eu=—k”f 6'(0) (43)
X f

IV. RESULTS AND DISCUSSION

The numerical calculations are shown in FIG. Described to
illustrate the excellent properties of the nanoparticle flow and
heat transfer attributes. Table 2-3 and Table 2-3. We have
used the information in Table 1 of the thermophysical
properties of the base fluid and nanoparticles (copper and
alumina) in the numerical calculations. We found the scope
of nanoparticle volume fraction 0<¢@<0.2 range of

nanoparticles. The base fluid (water) Prandtl number Pr is
held steady at 6,785. We picked
n=10,nt=7/2 and £ =0.001 whileg, R, S, K, M,

Q. and y in the present review and are shifted over a

distance. Fig.2 represents the impact of the Hartmann
number M of the velocity dissemination for Cu — water
nanofluid velocity dissemination. It is clear from the
calculations that the speed circulation over the boundary
layer decreases with an expansion in the Hartmann M
number and decreases near the boundary layer. It reduces the
thickness of the boundary layer. As a result, the thickness of
the hydrodynamic boundary layer decreases as the magnetic
field parameter M increases for both normal and nanofluid,
and therefore the surrounding speed decreases. The
explanation for this miracle is that the use of the magnetic
field for an electrically conductive fluid offers to rise to a
resistance type force called Lorentz force. This pressure
appears to impede the movement of the fluid within the
boundary layer. The velocity dissemination on the permeable
divider is plotted for Cu — water and Al,O; in Fig.3 for
different estimates of the penetrability parameter K. Clearly
the expanded estimations of K tend to expanding of the
velocity on the permeable divider thus upgrade the
momentum boundary layer thickness.
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The Fig. 4 speaks to the velocity dissemination with the
various estimations of Hall parameter m for Cu—water and
Al,O3. Expanded estimations of m tend to expanding of the
velocity thus improve the momentum boundary layer
thickness. The contrary impact is seen with expanding
rotation parameter R. Expanding the revolution diminishes
the momentum boundary layer thickness (Fig. 5). From Fig.
6 means the velocity profile with the variation from Heat
source parameter Qu. The size of the velocity increments
with expanding Qy all through the fluid locale. Figs.7
exhibits the impact of the suction/infusion parameter S on the
fluid velocity for both nanofluids. The velocity of the fluid
over the boundary layer diminishes by expanding suction
parameter S for both nanofluids. Likewise, we find that the
velocity is still approaching the corresponding asymptotic
motivation for big z estimates to be S builds. It merits
referencing here that the impact of S on the velocity is
increasingly compelling for nanofluids with nanoparticles
Cu and Al,QO;. Thus thickness of the layer diminishes as the
suction parameter S. Image. Fig. 8 illustrates the variety of
the velocity dispersion for different estimations of ¢ . From
this, the velocity dissemination over the boundary layer
diminishes with the expansion of ¢ . Fig. 9 talks with the
different estimates of the convection parameter y for Cu —

water and Al,O; — water to the velocity appropriation.
Expanded estimations of y tend to expanding of the velocity

thus upgrade the energy boundary layer thickness.

Fig.10 exhibits the profiles of temperature for different
estimations of Qy for copper and alumina. The temperature
in the limit layer district diminishes with the expansion in
the warmth generation parameter Qy and diminishes
thickness of Heat layer. These side perspectives fulfill the far
field limit conditions asymptotically, which bear the
numerical outcomes got.

Figure 11 presents the normal profile for temperature
diffusion for various estimates of copper and alumina. The
figures showed that the temperature in the liquid field
decreases as it spreads around the boundary layer and is more
extreme outside the plate for both nanoparticles.
Consequently, when scaling y , the thickness improvements

of the thermal boundary layer. In this way we can decipher
that the speed of heat transfer decreases with the increase of
the convective parameter. This miracle is gradually seen in
view of the volume fraction of the nanofluid molecule ¢ .

These outcomes are in concurrence with the outcomes got by
Hamad and Pop[7]. Fig. 12 shows that the variety of suction
parameter S on temperature for both nanofluids.
Temperature diminishes with expanding suction parameter
S. While expanding S then thickness of heat layer decreases
all through the liquid region. The impact of nanoparticle
volume fraction parameter ¢ on the temperature is appeared
in Fig.13 for Cu—water and Al,O; - water. The profile of
temperature increments with the expansion in in the fraction
of nanoparticles denoted by ¢ . In this way, an increment is

found in temperature and reaches to zero far away from the
plate layer.
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Table 2 and Table 3 demonstrate separately the differences in
skin friction coefficient Csand Nusselt number N, / Rex with

M, K, m,R, 7,Q,,S,¢@. Table 2 shows changes in the skin
friction coefficient C; and finds that it decreases with
expanding parameters K, m and QH increases in the skin

friction coefficient with expanding M, R, S, ¥, ¢ for both

nanofluids with Cu and Al,O; nanoparticles. In fact, the
Nusselt number increases in both nanofluids with the change

in all parameters 7, Q,,, S, ¢ .

With nanofluids, the variation of the Nusselt number is
substantially greater. It should be noted that due to high
thermal conductivity compared with Al,O3, the highest heat
transfer value is obtained for C,. These results are great
understanding who are accounted for by Hamad and Pop 7]
(Table 4).

[ Thick line: Cu - water
10F Dotted line: Alp O3 - water

Fig. 2 The velocity frequency with M
K=05m=1R=057y=2Q,=1S=1¢=0.05

12+

Thick line: Cu - water

b ¥ Dotted line: Alp O3 - water |

0sf

qosf

K=105,1,15
04}
02}
oof 0 TTeeSESE —
0 1 2 3 4
z
Fig. 3 The velocity frequency with K
M =05m=1R=05y=2Q, =1,5=14=0.05
i Thick line: Cu - water
10k Dotted line: Alp O3 - water
08}
q osf
04f
02f
0.0
0 1 2 3 4

Fig. 4 The velocity frequency with m
M =05K=05R=05 y=2Q,=15S=1¢=0.05
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] Thick line: Cu - water
10k Dotted line: Alp O3 - water

w

Fig. 5 The velocity frequency with R
M =05K=05m=1 y=20Q,=,S=1¢=0.05

F

Thick line: Cu - water
Dotted line: Al, O3 - water

0 1 2 3 4

Fig. 6 The velocity frequency with Qy
M =05K=05m=1,R=0.5, y=2,S=1¢=0.05

[ Thick line: Cu - water
10f Dotted line: Aly O3 - water

Fig. 7 The velocity frequency with S
M =05K=05m=1R=057y=2Q, =1¢=0.05

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




Hall Effects on Unsteady Magneto Hydrodynamic Convection Flow of Nanofluids Past a Rotating Porous Plate

Thick line: Cu - water
Dotted line: Alp O3 - water

qosk
¢ =0.05,0.1,0.15
04f
02f
0.0f
0 1 2 3
z

Fig. 8 The velocity frequency with ¢
M=05K=05m=LR=05y=2Q,=1S=1

T

==y Thick line: Cu - water
10F Dotted line: Alp O3 - water
08}
q o6t
04}
02}
0.0F : k ;

o
[N]
=

I

Fig. 9 The velocity frequency with /4
M =05K=05m=1R=05¢=0.05Q, =15=1

0.5 Thick line: Cu - water ]
Dotted line: Alp O3 - water

Fig. 10 The temperature frequency with QH

N

y=2,S=1¢=0.5

o

Thick line: Cu - water
Dotted line: Alp O3 - water

=234

Fig. 11 The temperature frequency with ¥
Q,=1S=1¢=0.05
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Thick line: Cu - water
\ Dotted line: Al O3 - water

T

Fig. 12 The temperature frequency with S
7=2,Q,=14=0.05
Thick line: Cu - water ]
Dotted line: Al O3 - water

| G e e e e LB B e e e o |

¢ =0.05,0.1,0.15

00 .

n
w
o

0.0 0.5 1.0 1.5 20

(8]

Fig. 13 The temperature frequency with ¢
7=2,Q,=1S=1

Table 1: Standard fluid and nanoparticles have
thermo-physical properties
Thermo Physical | Regular fluid Cu

properties (water)
CotJkg K) 4179
plkg/nr) 997.1
k(Wim K) 0.613
ax 107 (nr/s) 1.47
B x 10 (1K) 21

AlLO;

385 765
8033 3970
400 46
1163.1 131.7
1.67 0.63

Table 2 Skin friction coefficient
MK [m]|R YT, 3] Cr Cr
Cu- AlOs3-
water water
0.5 261072 | 2.45136
1.0 272080 | 2. 56425
1.5 2.89204 | 2.73906
1.0 228173 | 2.11005
1.5 215766 | 1.97899
2 258795 | 2.42794
3 255557 | 2.39520
1.0 267358 | 2 49827
1.5 276488 | 2.56839
3 264518 | 2. 48669
4 266783 | 2.50949
257982 | 241408
2534005 | 238118
2 360562 | 3.21997
3 477669 | 4.13243
010 | 297829 | 2.64416
0.15 | 337434 | 2.85309

05|11 |]05(2 |1 1| 0.05

W
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Q, |7 ¢ Nu/Re, | Nu/Re, CONF-951135-29). Argonne National Lab., IL (United States).
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Cu - water | Al,Os- transfer enhancement in a two-dimensional enclosure utilizing nanofluids.
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3 0.927487 0.862487 Mechanical Engineers.
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constant heat source in a nanofluid. Heat and mass transfer, 47(12), 1517.
8. Makinde, O. D., & Aziz, A. (2010). MHD mixed convection from a
Table 4 Local Nusselt number ( NU / Rex) vertical plate embedded in a porous medium with a convective boundary
condition. International Journal of Thermal Sciences, 49(9), 1813-1820.
QH S ¢ Cu — water Cu- water 9. Das, K. (2011). Effect of chemical reaction and thermal radiation on heat
Hamad and Pop [24] | Present results and mass transfer flow of MHD micropolar fluid in a rotating frame of
- 0 reference. International journal of heat and mass transfer, 54(15-16),
7/ 3505-3513.
1 110.0 0.688574 0.733261 10. Yacob, N. A, Ishgk, A, _Pop, l., & Vajravelu, K. (2011). Boupdary layer
5 flow past a stretching/shrinking surface beneath an external uniform shear
flow with a convective surface boundary condition in a nanofluid.
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0 of a Micropolar Fluid through a Porous Medium with Hall Effects.
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suction and rotation parameter yet impact is invert for  1998. He has 19 years of experience in teaching in UG
Hall and penetrability parameters. and PG and 9 years of research experience.

2. An increment in the convective and volume proportion
lead to expand the thickness of Heat layer yet inverse
impact happens for heat source parameter.

3. The values of 7,Q,,,S, ¢ is increase and to increase

the wall temperature gradient for both Copper and
Alumina throughout the fluid region.

4. The skin contact coefficient increments with the
expansion in the nanoparticle volume part, suction,
Hartmann number, rotation parameter and lessens with
Hall effects.
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