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The flow squeezed between parallel flat plates that are placed horizontally in nonporous media is of great interest
because of its uses in many industries and engineering applications. In light of this fact, we have considered the mag-
netohydrodynamic (MHD) squeezing flow of a water-based nanofluid through a saturated porous medium between two
parallel disks, taking the Hall current into account. The governing equations are solved by the Galerkin optimal homo-
topy asymptotic method. The effects of nondimensional parameters on velocity, temperature, and concentration have
been discussed with the help of graphs. Also, representative numerical solutions for the local Nusselt number and the lo-
cal Sherwood number are obtained, presented, and discussed. The behaviors of key parameters such as suction/blowing,
squeeze, Hartman number, Hall parameter, Brownian motion, and thermophoresis are thoroughly examined. A great
impact on the concentration field is observed for the suction flow when compared with the blowing case. The Brownian
motion and thermophoresis effects result in an appreciable increase in the temperature and nanoparticles concentration.
For both suction and blowing, the temperature and concentration distributions increase monotonically as the suction
or blowing parameter increases. The axial velocity increases near the central axis of the channel but decreases near the
walls. Under certain assumptions, the present results are compared with already existing ones in the literature and
they are found to be in good agreement.

KEY WORDS: nanofluid, squeezing flow, nanoparticle concentration, heat transfer, porous medium,
MHD flows, parallel disks

1. INTRODUCTION

Nanofluids are suspensions of nanoparticles in fluids that show significant enhancement of their properties at mod-
est nanoparticle concentrations. These fluids are engineered colloidal suspensions of nanoparticles in a base fluid.
The nanoparticles used in nanofluids are typically made of metals, oxides, carbides, or carbon nanotubes. Common
base fluids include water, ethylene glycol, and oil. Many of the publications on nanofluids are about understanding of
their behavior so that they can be utilized where straight heat transfer enhancement is paramount as in many industrial
applications, nuclear reactors, transportation, and electronics, as well as biomedicine and food. Nanofluid as a smart
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NOMENCLA TURE

A suction/blowing parameter
B boundary operator
B0 magnetic field of strength (A/m)
C nanoparticle concentration (kg m−3)
Cf Forchheimer coefficient
Ck concentration at the upper disk (kg m−3)
Cp specific heat at constant pressure

(J kg−1K)
Cw nanoparticles concentration at the lower

disk (kg m−3)
D porosity parameter
DB Brownian motion coefficient
DT thermophoretic diffusion coefficient
f dimensionless stream function
u,w velocities in ther andz directions,

respectively (m s−1)
g acceleration due to gravity (m s−2)
k thermal conductivity (W/m K)
knf effective thermal conductivity of the

nanofluid (W/m K)
L linear operator
M magnetic field parameter

(Hartmann number)
m Hall parameter
Nb Brownian motion parameter
Nt thermophoresis parameter
Nur Nusselt number
Pr Prandtl number
p pressure (N m−2)
p̂ embedding parameter
Rer local Reynolds number
S squeeze parameter

Sc Schmidt number
Shr Sherwood number
T temperature of the fluid (K)
Tk temperature at the upper disk (K)
Tm mean fluid temperature (K)
Tw surface temperature of the plate

(or) temperature at the lower disk (K)
T∞ free stream temperature (K)
t time (s)
VT thermophoretic velocity (m s−1)

Greek Symbols
βT coefficient of thermal expansion (K−1)
βC coefficient of concentration expansion

(m3kg−1)
θ nondimensional temperature of the fluid
µf coefficient of viscosity (N s m−2)
µnf effective dynamic viscosity of the

nanofluid (N s m−2)
τe electron collision time (s)
ρnf effective density of the nanofluid

(kg m−3)
(ρnf )nf effective heat capacity (kg m−3)
(ρnf )nf magnetic permeability of the

nanofluid (H m−1)
σnf dimensionless parameter (the ratio of

effective heat capacity of the
nanoparticle material to heat capacity
of the fluid)

ϕ nondimensional concentration of the
species

ωe electron frequency (J)

fluid, where heat transfer can be reduced or enhanced at will, has also been reported. Also, some papers focus on pre-
senting the broad range of current and future applications that involve nanofluids, emphasizing their improved heat
transfer properties that are controllable and the specific characteristics that these nanofluids possess that make them
suitable for such applications. Squeezing flow has attracted significant attention from many researchers and scientists
due to its paramount applications in various fields such as in biomechanics, food processing, mechanical, and indus-
trial and chemical engineering. This phenomenon is also observed in bearings, gears, rolling elements, machine tools,
automotive engines, polymer processing, design of lubrication systems (including oil and grease systems), injection
and compression shaping, etc. These types of flows are generated in many hydrodynamical machines and tools where
vertical velocities or normal stresses are applied due to moving boundaries.

Stefan (1981) was the first who studied the squeezing flows. He presented an ad hoc asymptotic solution for flow
of Newtonian fluid. Further, Mahmood et al. (2007) investigated the squeezed flow and heat transfer for viscous fluid
toward a porous surface. A homotopy perturbation solution of magnetohydrodynamic (MHD) squeezing flow between
two porous disks is studied by Domairry and Aziz (2009). Mustafa et al. (2012) developed analytical solutions for
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the squeezing flow of nanofluid between the parallel disks. Qayyum et al. (2012) examined the unsteady squeezed
flow of Jeffery fluid between two parallel disks. MHD squeezing flow of second-grade fluid between two parallel
disks was studied by Hayat et al. (2012). Thermal radiation effects in time-dependent axisymmetric squeezing flow
of Jeffery fluid between two parallel disks was analyzed by Hayat et al. (2013c). Ganji et al. (2014) investigated the
MHD squeezed flow between two porous disks. Flow of an electrically conducting fluid in the presence of magnetic
field is related to MHD.

The MHD systems are used in many applications such as power generators, accelerators, droplet filters, the design
of heat exchangers, electrostatic filters, the cooling of reactors, pumps, etc. Magnetic nanofluid is a fluid with unique
characteristics of both liquid and magnetic field. Numerous applications involving magnetic nanofluids include drug
delivery, contrast enhancement in magnetic resonance imaging, and magnetic cell separation. Few representative
studies on MHD nanofluid can be consulted through the investigations (Sheikholeslami and Ganji, 2014, 2015a,b;
Sheikholeslami and Kandelousi, 2014; Sheikholeslami and Ellahi, 2015; Sheikholeslami et al., 2015; Sheikholeslami
and Abelman, 2015; Sheikholeslami and Rashidi, 2015a,b; Sheikholeslami et al., 2016). On the other hand, the
convective heat transfer has also mobilized substantial interest due to its significance in industrial and environmental
technologies, including energy storage, gas turbines, nuclear plants, rocket propulsion, geothermal reservoirs, and
photovoltaic panels. The convective boundary condition has also attracted some interest and this usually is simulated
via a Biot number in the wall thermal boundary condition. Recently, Rashidi et al. (2014a) applied the one-parameter
continuous group method to investigate similarity solutions of MHD heat and mass transfer flow of viscous fluid over
a flat surface with convective boundary condition. Analysis of heat and mass transfer in mixed convective flow toward
a vertical flat surface with hydrodynamic slip and thermal convective boundary condition is examined by Rashidi et
al. (2014b). Bachok et al. (2013) considered the stagnation point flow toward a shrinking or stretching surface with the
bottom of the surface heated through convection from a hot fluid. MHD three-dimensional flow of an incompressible
fluid induced by an exponentially stretching surface with convective boundary condition is investigated by Hayat et al.
(2014). The radiation effect in the boundary layer flow is very important due to its application in physics, engineering,
and industrial fields such as glass production, furnace design, polymer processing, and gas-cooled nuclear reactors, as
well as in space technology such as aerodynamic rockets, missiles, propulsion systems, power plants for interplanetary
flights, and spacecraft operating at high temperatures. Hence, thermal radiation effects cannot be ignored in such
processes. The Rosseland approximation is used to describe the radiative heat flux in the energy equation. Hayat et
al. (2013a) examined the two-dimensional MHD flow of thixotropic fluid toward a stretched surface with variable
thermal conductivity and thermal radiation effects. Pal (2013) examined the effects of Hall current in MHD flow and
heat transfer characteristics of viscous fluid past an unsteady permeable radiative stretching surface. Bhattacharyya et
al. (2012) analyzed the rate of heat transfer in micropolar fluid flow toward a porous shrinking surface with thermal
radiation. Hayat et al. (2013b) observed the mixed-convection stagnation point flow of Maxwell fluid over a surface
with convective boundary conditions and thermal radiation. Bhattacharyya (2013) considered the MHD radiative flow
of Casson fluid over a stretching sheet in the stagnation region. Many authors (Hayat et al., 2015a,b,c,d; Farooq et al.,
2014; Noeiaghdam, 2015; Mirzaee et al., 2015; Lin et al., 2015; Shafiq et al., 2013; Sui et al., 2015) discussed MHD
flows through different configurations. Mohammadreza and Rouzbeh (2016) discussed heat transfer on MHD copper
water nanofluid flow through a convergent-divergent channel.

Sheikholeslami (2017a) discussed MHD nanofluid hydrothermal analysis in an open porous cavity presented
by means of the lattice Boltzmann method. Free convection of magnetic nanofluid in a porous curved cavity is
investigated. The influence of an external magnetic source is taken into account by Sheikholeslami (2017b). Nanofluid
forced convective heat transfer in a porous semiannulus is studied in the presence of a uniform magnetic field by
Sheikholeslami (2017c). Sheikholeslami and Zeeshan (2017) investigated the impact of Lorentz forces on CuO–water
nanofluid flow in a permeable enclosure presented by means of the control volume finite element method (CVFEM).
Ahmed et al. (2017a) explored the flow of water containing carbon nanotubes in the appropriate geometry of Riga
plates. Thermal radiation and viscous dissipation effects are also taken into account. Ahmed et al. (2017b) have
considered the flow of nanofluids between two plates. The dimensional flow is successfully reduced to a set of self-
similar form with the help of feasible similarity variables. Tauseef Mohyud-Din et al. (2017) analyzed thermodiffusion
and diffusion-thermo effects, combined with a first-order chemical reaction, in the flow of a micropolar fluid through
an asymmetric channel with porous boundaries. Suction/injection velocities of the upper and lower walls are taken to
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be different from each other. The channel exhibits a parting or embracing motion and the fluid enters, or leaves, the
channel because of suction/injection through the permeable walls. Ahmed et al. (2017c) discussed the laminar flow of
an incompressible electrically conducting viscous fluid considered through a porous medium confined in a rectangular
domain with infinite length and bounded by two moving preamble walls which enable the fluid to enter or exit during
successive deformations. The analytic solutions for squeezing flow of nanofluid between parallel disks have been
discussed by Mustafa et al. (2012). The significance of the Soret effect on the boundary layer stagnation point flow
past a stretching/shrinking sheet in a nanofluid-saturated non-Darcy porous medium is investigated by Ramreddy et
al. (2017). The effect of highly conductive copper oxide nanoparticles on the effective thermal conductivity of rock
samples was mathematically investigated by Rokhforouz et al. (2017). The effect of transverse magnetic field on
the flow of a viscous fluid in a spherical annulus formed by a solid sphere rotating with a constant angular velocity
and a concentric spherical porous medium for small Reynolds numbers has been studied by Saxena and Agarwal
(2017).

Recently, Veera Krishna and Swarnalathamma (2016), Swarnalathamma and Veera Krishna (2016), Veera Kr-
ishna and Gangadhara Reddy (2016), and Veera Krishna and Subba Reddy (2016) discussed the MHD flows of an
incompressible and electrically conducting fluid in a planar channel. Veera Krishna et al. (2018a) discussed heat and
mass transfer on unsteady MHD oscillatory flow of blood through a porous arteriole. The effects of radiation and Hall
current on an unsteady MHD free convective flow in a vertical channel filled with a porous medium have been studied
by Veera Krishna et al. (2018b). A comprehensive study of laminar natural convection heat transfer around cylinders
of elliptical cross section wrapped with a porous medium is conducted by Nazari et al. (2017). The porous blunt
nosecone transpiration cooling process under supersonic incoming flow conditions using a two-domain approach
based on the preconditioned density-based algorithm has been studied by Wu et al. (2017). Profile modification is
an efficient method used by Fu (2018) to improve the area sweep efficiency of water flooding. The problem of ther-
mal instability is investigated by Kaothekar (2018) for partially ionized thermal plasma, which has a connection in
astrophysical condensations and is responsible for the formation of objects in an astrophysical plasma environment.
MHD boundary layer flow and heat transfer of a viscous incompressible fluid over a radiative stretching cylinder with
variable thermal conductivity embedded in a porous medium has been discussed by Gupta (2018). Kumar and Ku-
mar (2018) discussed the fascinating and novel characteristics of MHD convective nanofluid over a stretching sheet
through a porous medium.

Keeping the above-mentioned results in mind, in this paper we will discuss the MHD squeezing flow of a
nanofluid between parallel disks and illustrate the effect of different parameters on the results. We will also com-
pare the analytical solutions with numerical ones in order to show the efficiency of the method.

2. FORMULATION AND SOLUTION OF THE PROBLEM

We consider the axisymmetric incompressible flow of MHD nanofluid between two parallel disks, taking the Hall
current into account, separated by a distancez = ±H (1− αt)

1/2
= ±h (t) for α > 0 as shown in Fig. 1. A uniform

magnetic field of strengthB (t) = B0 (1− αt)
−0.5 is applied perpendicular to the disks. The upper disk atz = h(t)

moves toward or away from the stationary lower disk with the velocitydh/dt.
The governing equations for unsteady two-dimensional axisymmetric flow of a nanofluid are as follows (Sheik-

holeslami and Kandelousi, 2014):

∂u

∂r
+

u

r
+

∂w

∂z
= 0 (1)

ρnf

(
∂u

∂t
+ u

∂u

∂r
+ w

∂u

∂z

)
= −∂p

∂r
+ µnf

(
∂2u

∂r2
+

∂2u

∂z2
+

1
r

∂u

∂r
− u

r2

)
− σnfB

2
0

1+m2
(u+mw)− µnf

k
u (2)

ρnf

(
∂w

∂t
+ u

∂w

∂r
+ w

∂w

∂z

)
= −∂p

∂z
+ µnf

(
∂2w

∂r2
+

∂2w

∂z2
+

1
r

∂w

∂r

)
− σnfB

2
0

1+m2
(w −mu)− µnf

k
w (3)
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FIG. 1: Physical configuration of the problem

∂T

∂t
+ u

∂T

∂r
+ w

∂T

∂z
=

knf
(ρCρ)nf

(
∂2T

∂r2
+

∂2T

∂z2
+

1
r

∂2T

∂z2

)
+ τ

{
DB

(
∂C

∂r

∂T

∂r
+

∂C

∂z

∂T

∂z

)

+
DT
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[(
∂u

∂x

)2
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(
∂u

∂y

)2
]} (4)

∂C

∂t
+ u

∂C

∂r
+ w

∂C

∂z
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(
∂2C

∂r2
+

1
r

∂C

∂r
+

∂2C

∂z2
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+

DT

Tm

(
∂2T

∂r2
+

1
r

∂T

∂r
+

∂2T

∂z2

)
(5)

The last term in the energy equation is the total diffusion mass flux for nanoparticles, given as the sum of two
diffusion terms (Sheikholeslami and Kandelousi, 2014).

The relevant boundary conditions for the problem are

z = h (t) → u = 0, w = ww =
dh

dt
, T = TH , C = CH

z = 0 → u = 0, w = − w0√
1− αt

, T = Tw, C = Cw (6)

We can simplify the above equations by introducing the following parameters:

u =
αr[

2(1− αt)
1/2

]f ′ (η), w = − αH[
(1− αt)

1/2
]f (η), η =

z

H
[
(1− αt)

1/2
] , θ =

T − TH

Tw − TH
,

B =
B0[

(1− αt)
1/2

] , ϕ =
C − Ch

Cw − Ch
(7)

The above parameters are substituted into Eqs. (2) and (3). Then, the pressure gradient is eliminated from the
resulting equations. We obtained

f (IV ) − S (ηf ′′′ + 3f′′ − 2ff′′′)− M2

1+m2
f ′′ +

(
M2

1+m2
+

1
D

)
= 0 (8)

UsingEqs. (7), (3), and (4) simplifies to the following equations:

θ′′ + PrS (2fθ′ − ηθ′) + PrNb θ
′ϕ′ + PrNt θ

′2 = 0 (9)
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ϕ′′ + ScS (2fϕ′ − ηϕ′) +
Nt

Nb
θ′′ = 0 (10)

Thecorresponding boundary conditions are

f (0) =A, f ′ (0) = 0, f (1) = 0.5, f′ (1) = 0, θ (0) = ϕ (0) = 1, θ (1) = ϕ (1) = 0 (11)

whereS is the squeeze parameter, Pr is the Prandtl number,A is the suction/blowing parameter,M is the Hartmann
number, Sc is the is Schmidt number,D is the porosity parameter,m is the Hall parameter,Nb is the Brownian motion
parameter, andNt is the thermophoresis parameter.

S =
αH2

2vf
, Pr=

vf
α
, A =

w0

αH
, M =

√
σB2

0H
2

v
, Sc=

v

De
, D =

1
H2

, m = τeωe,

Nb =
(ρc)s DB (Cw − Ch)

(ρc)f v
, Nt =

(ρc)s DT (Tw − Th)

(ρc)f Tmv
(12)

It is important to note thatA > 0 indicates the suction of fluid from the lower disk whileA < 0 represents
injection flow. The following differential equation is considered:

L [u (t)] +N [u (t)] + g (t) = 0, B (u) = 0 (13)

whereτ is an independent variable,u (τ) is an unknown function,g (τ) is a known function, and Nu(τ) is a non-
linear operator. By means of Galerkin optimal homotopy asymptotic method (GOHAM) one first constructs a set of
equations:(

1− ⌢
p
) [

L
(
ϕ
(
τ,

⌢
p
)
+ g (τ)

)]
−H

(
⌢
p
){

L
[
ϕ
(
τ,

⌢
p
)]

+ g (τ) +N
[
ϕ
(
τ,

⌢
p
)]}

B
[
ϕ
(
τ,

⌢
p
)]

= 0 (14)

whereH(
⌢
p) denotes a nonzero auxiliary function forp ̸= 0 andH (0) = 0, ϕ

(
τ,

⌢
p
)

is an unknown function.

Obviously, whenp = 0 andp = 1, it holds that

ϕ (τ, 0) = u0 (τ), ϕ (τ, 1) = u (τ) (15)

Thus asp increases from 0 to 1, the solutionϕ
(
τ,

⌢
p
)

varies fromu0 (τ) to the solutionu (τ), whereu0 (τ) is

obtained from Eq. (16) forp = 0
L [u0 (τ)] + g (τ) = 0, B (u0) = 0 (16)

We choose the auxiliary functionH (p) in the form

H
(

⌢
p
)
= p1C1 + p2C2 + · · · (17)

whereC1, C2, . . . are constants which can be determined later. Expandingϕ
(
τ,

⌢
p
)

in a series with respect top, one

has
ϕ
(
τ,

⌢
p, Ci

)
= u0 (τ) +

∑
k>1

uk (τ, Ci)pk, i = 1,2, · · · (18)

Substituting Eq. (9) into Eq. (5), collecting the same powers ofp, and equating each coefficient ofp to zero,
we obtain a set of differential equations with boundary conditions. Solving the differential equations subject to the
boundary conditions,u0 (τ), u1 (τ, C1), u2 (τ, C2) are obtained. Generally speaking, the solution of Eq. (4) can be
determined approximately in the form

ϕ
(
τ,

⌢
p, Ci

)
= u0 (τ) +

∑
k>1

uk (τ, Ci)pk, i = 1,2, · · · (19)
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ũ (m) = u0 (τ) +
m∑
k=1

uk (τ, Ci) (20)

Note that the last coefficientCm can be a function ofτ. Substituting Eq. (10) into Eq. (4) results in the following
residual:

R (τ, Ci) = L
[
ũ(m) (τ, Ci)

]
+ g (τ) +N

[
ũ(m) (τ, Ci)

]
(21)

If R (τ, Ci) = 0, thenũ(m) (τ, Ci) happens to be the exact solution. Generally such a case will not arise for
nonlinear problems, but we can minimize the function by the Galerkin method:

wi =
∂R (τ, C1, C2, · · ·, Cm)

∂Ci
, i = 1,2, · · ·,m (22)

The unknown constantsCi (i = 1,2, · · ·,m) can be identified from the conditions

J (C1, C2) =

b∫
a

wiR (τ, C1, C2, · · ·, Cm) dτ = 0 (23)

wherea andb are two values depending on the given problem. With these constants, the approximate solution (of
orderm) Eq. (22) is well determined. It can be observed that the method proposed in this work generalizes these two
methods using the special (more general) auxiliary functionH(p).

The skin friction coefficientCf , the local Nusselt number Nur and the local Sherwood number Shr (Mustafa et
al., 2012) are given by the following:

Cf =
τrz|z=h(t)

ρ
(

−αH
2(1−αt)1/2

)2 , Nu =
Hqw

kf (Tw − Th)
, Sh=

Hjw
DB(Tw − Th)

(24)

where

τrz = µ

(
∂u

∂z
+

∂w

∂r

)∣∣∣∣
z=h(t)

, qw = −kf

(
∂T

∂z

)∣∣∣∣
z=h(t)

, jw = −DB

(
∂C

∂z

)∣∣∣∣
z=h(t)

Using nondimensional variables,

H2

r2
Rer Cf = f ′′(1), where Rer =

rα(1− αt)1/2

2ν
(25)

Nur = (1− αt)1/2Nu = −θ′(1) (26)

Shr = (1− αt)1/2Sh= −ϕ′(1) (27)

3. RESULTS AND DISCUSSION

The computational results forf ′ andf represent radial and axial velocities, respectively, and temperature and nanopar-
ticle concentration are analyzed. The main objective of this paper is to discuss the influence of significant parameters
on the velocity, temperature, and nanoparticle concentration fields. Figure 2 represents radial and axial velocity pro-
files, Fig. 3 represents temperature distribution, and Fig. 4 depicts the nanoparticle concentration profiles. Figure 5
portrays the influence of suction or blowing parameter on temperature and nanoparticle concentration.

We observed from Fig. 2 the effects of the squeeze parameterS on the axial and radial velocities. HereS < 0
corresponds to the movement of the upper disk toward the lower one, whileS > 0 describes away the movement
of the same disk. When we increase the squeeze parameterS, then the radial velocity and the axial velocity reduce
through the fluid medium with the other parameters being fixed atD = 1,Nb = 2,Nt = 0.1, Sc= 0.22, Pr= 0.71,
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FIG. 2: Radial and axial velocity profiles againstS, D, M , andm
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FIG. 3: Temperature profiles againstNt, S, Pr, andNb

FIG. 4: Concentration profiles againstNt, S, Sc, andNb
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FIG. 5: Temperature and concentration profiles againstA (suction/blowing parameter)

M = 1, A = 0.05, andm = 1. In fact, in the upper half of the channel, the squeezing effects are dominant. From
the same figure, the radial velocity reduces fort ≤ 5 and then it is improved fort > 5 at the upper disk, whereas
the axial velocity enhances with the increasing of the permeability parameterD. We also notice that the lower the
permeability of the porous medium is, the less the fluid speed is observed in the entire region between the upper and
lower disks. The opposite trend is noticed in the case of increasing the intensity of the magnetic field. That is, both
of the velocity componentsf ′ andf gradually reduce with increasing values of the Hartmann numberM . This is
because the application of a transverse magnetic field on an electrically conducting fluid gives rise to a resistive-type
force (called the Lorentz force) similar to a drag force, and upon increasing the values ofM , the drag force increases,
which has the tendency to slow down the motion of the fluid. The velocity componentf ′ reduces while the velocity
componentf enhances with increasing the Hall parameterm. Therefore, the velocity distribution near the upper wall
enhances in order to satisfy the mass conservation.

The influence of the thermophoresis parameterNt, squeeze parameterS, Prandtl number Pr, and Brownian mo-
tion parameterNb on the temperature distribution is displayed in Fig. 3. We notice that the temperatureθ reduces with
increasing values of the thermophoresis parameterNt and the Prandtl number Pr. Also, the simultaneous effects of
the Brownian motion parameterNb and the squeeze parameterS on the temperature field show that increasing either
the Brownian motion parameterNb or the squeeze parameterS results in the uniform increasing of the temperature.

Figure 4 shows the effect of the thermophoresis parameterNt, squeeze parameterS, Schmidt number Sc, and
Brownian motion parameterNb. Increasing either the squeeze parameterS or the Brownian motion parameterNb

increases the nanoparticle concentration, whereas it reduces with increasing either the thermophoresis parameterNt

or the Schmidt number Sc. From Fig. 5, it is evident that by increasing the suction or blowing parameterA in a
positive value, the temperature value is decreased, but in blowing an opposite treatment is observed as increasing
suction allows more fluid to the flow near the lower disk. Therefore, a decrease in the boundary layer thickness is
expected. Also, increasing the value of the suction or blowing parameter results in a higher absolute value of the
nanoparticle concentration.

A comparison between GOHAM and homotopy analysis method (HAM) solutions (Hayat et al., 2015c) for the
reduced Nusselt number as shown in Tables 1 and 2 shows that the rate of heat transfer reduces with increasing

TABLE 1: Reduced Nusselt number for caseS = 1,A = 2,Nt =
0.1, Sc= 0.22, Pr= 6.2 with various Brownian motion parameters

Nb NuGOHAM NuHAM Hayat et al. (2015c) Numerical
0.1 0.526284 0.526285 0.526284
0.5 0.634343 0.634332 0.634342
1 0.786346 0.786363 0.786333
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TABLE 2: Reduced Nusselt number for the caseA = 2, Sc= 0.22

Nt S Pr Nb Nur HAM [Hayat et al. (2015c)] Present Nur [GOHAM] Present Numerical
0.1 1 0.71 2 0.689661 0.688554 0.689996
0.2 — — — 0.255788 0.259585 0.255858
0.3 — — — 0.085966 0.088412 0.085552
— 2 — — 0.925221 0.925441 0.925411
— 3 — — 1.805547 1.805855 1.805574
— — 3 — 2.555158 2.556885 2.555988
— — 7 — 3.885478 3.885745 3.885847
— — — 3 0.477854 0.477885 0.477663
— — — 4 0.355262 0.355512 0.355985

values of the thermophoresis parameterNt and the Brownian motion parameterNb and enhances with increasing
values of the squeeze parameterS and the Prandtl number Pr. In addition, with the reduced Sherwood number as
shown in Table 3, the rate of mass transfer enhances with increasing values of the thermophoresis parameterNt,
the squeeze parameterS, and the Prandtl number Pr and reduces as the Brownian motion parameterNb increases.
Table 4 represents the skin friction coefficient with reference to various governing parameters. We found that skin
friction enhances with increasingS, D, M , Pr, andA and reduces with increasingm, Sc,Nt, andNb.

4. CONCLUSIONS

We have studied the MHD squeezing flow of a water-based nanofluid through a saturated porous medium between
two parallel disks, taking the Hall current into account. The governing equations are solved by the Galerkin optimal
homotopy asymptotic method. The conclusions are made as the following:

1. The effect of squeeze number on the axial velocity profiles is minimal.

2. For contracting motion of the upper disk combined with suction at the lower disk, the effects of increasing
absolute values ofS are quite opposite to the case of an expanding motion. However, the radial velocity near
the upper disk decreases while near the lower disk an accelerated radial flow is observed.

3. For both suction and blowing, the temperature and concentration distributions increase monotonically as the
suction/blowing parameterA increases.

TABLE 3: Reduced Sherwood number for the caseA = 2, Pr= 0.71

Nt S Sc Nb Shr [GOHAM] Shr Numerical
0.1 1 0.22 2 0.652254 0.652214
0.2 — — — 0.855476 0.855268
0.3 — — — 0.989960 0.989824
— 2 — — 0.901452 0.901336
— 3 — — 1.255462 1.255477
— — 0.3 — 0.899585 0.899574
— — 0.6 — 1.002546 1.002544
— — — 3 0.366256 0.366525
— — — 4 0.201442 0.201588
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TABLE 4: Skin friction coefficient

S D M m Pr Sc Nt Nb A τ

−10 1 1 1 0.71 0.22 0.1 2 2 0.698552
−5 — — — — — — — — 0.844785
10 — — — — — — — — 4.001447
— 2 — — — — — — — 0.936528
— 3 — — — — — — — 1.241526
— — 2 — — — — — — 0.996685
— — 3 — — — — — 2.145252
— — — 2 — — — — — 0.400254
— — — 3 — — — — — 0.268859
— — — — 3 — — — — 0.855242
— — — — 7 — — — — 1.144525
— — — — — 0.3 — — 0.225547
— — — — — 0.6 — — 0.100748
— — — — — — 0.2 — — 0.520879
— — — — — — 0.3 — — 0.415028
— — — — — — — 2.5 — 0.418965
— — — — — — — 3 — 0.214452
— — — — — — — — 2.5 0.899859
— — — — — — — — 3 1.562025

4. Theaxial velocity increases near the central axis of the channel but decreases near the walls.

5. The application of a transverse magnetic field reduces the fluid motion and the fluid velocity enhances with
an increase in the permeability of the porous medium.

6. The radial velocity enhances with increasing values of the Hall parameterm.

7. The temperature drastically augments and the profiles move closer to the upper disk as the Brownian motion
parameter increases in both the suction and blowing cases.

8. Increasing the Brownian motion parameter enhances the nanoparticle concentration.

9. The parameters have a great impact on the concentration field for the suction flow when compared with the
blowing case.

10. An intensification in the Brownian motion and thermophoresis effects results in an appreciable increase in the
temperature and nanoparticle concentration.
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