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Abstract
Purpose – This paper aims to study the impacts of viscous dissipation, thermal radiation and Joule heating
on squeezing flow current and the heat transfer mechanism for a magnetohydrodynamic (MHD) nanofluid
flow in parallel disks during a suction/blowing process.

Design/methodology/approach – First, the governing momentum/energy equations are transformed
into a non-dimensional form and then the obtained equations are solved by modified Adomian decomposition
method (ADM), known as Duan–Rach approach (DRA).

Findings – The effect of the radiation parameter, suction/blowing parameter, magnetic parameter,
squeezing number and nanoparticles concentration on the heat transfer and flow field are investigated in the
results. The results show that the fluid velocity increases with increasing suction parameter, while the
temperature profile decreases with increasing suction parameter.

Originality/value – A complete analysis of the MHD fluid squeezed between two parallel disks by
considering Joule heating, thermal radiation and adding different nanoparticles using the novel method called
DRA is addressed.

Keywords Nanofluid, Thermal radiation, Squeezing flow, Suction/injection process,
Duan–Rach approach

Paper type Research paper

Nomenclature
S = squeeze number;
Mn = magnetic parameter;
Ec = Eckert number;
Cp = specific heat (j/kgK);
f = dimensionless velocity;
u = dimensionless temperature;
P = pressure term;
Pr = Prandtl number;
s = electric conductivity;
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qrad. = radiative heat flux;
T = temperature (K);
k = thermal conductivity;
k* = mean absorption coefficient;
N = radiation parameter;
u = velocity component in r direction (m/s);
w = velocity component in z-direction (m/s);
A = suction/injection parameter;
B0 = magnetic field;
Nu = Nusselt number;
Cf = skin fraction coefficient;
DRA = Duan–Rach Approach; and
ADM = Adomian decomposition method.

Greek symbols
a = rate of squeezing;
h = dimensionless variable;
s * = Stefan–Boltzmann constant;
f = solid volume fraction;
r = density;
m = dynamic viscosity; and
� = kinematic viscosity.

Subscripts
nf = nanofluid;
f = base fluid; and
s = nano-solid-particles.

1. Introduction
One of the methods of increasing heat transfer in engineering systems is to increase the
concentration of nanoparticles into the base fluid. In this regard, the term nanofluid was first
introduced by Choi (1995). A nanofluid contains nanometer-sized particles or nanoparticles.
These fluids are produced by creating a colloidal suspension of nanoparticles in the base
fluid. Several recent studies have focused on nanofluid flow and the heat transfer
mechanism. Sheremet et al. (2014) studied the convective nanofluid flow in a square porous
cavity. The results implied that there is a direct relationship between the average Nusselt
number and the Rayleigh number. However, the average Nusselt number is in contrast to
the porosity of the medium. Dogonchi and Ganji (2016a) examined the thermal radiation
effect on steady-state heat transfer of a water-based magnetohydrodynamic (MHD)
nanofluid flow between stretchable surfaces. The results showed that the temperature and
velocity of the fluid increased with increasing stretch parameter. Dogonchi et al. (2016)
evaluated the impact of thermal radiation on transient heat transfer and MHD nanofluid
squeezing flow between the parallel surfaces. The results showed that heat transfer
increased with increasing radiation parameter. Bhatti et al. (2017) studied the blood clot and
variable magnetic field effects on the sinusoidal-induced motion of Jeffrey nanofluid in an
annulus. The results showed that the fluid velocity decreases near the surfaces due to
increased clot elevation. Abolbashari et al. (2014) studied the second law of thermodynamics
for a transient flow of an MHD nanofluid adjacent to an accelerating stretching penetrable
wall using homotopy analysis method. They found that increasing the suction parameter,
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concentration of nanoparticles, magnetic field and Brinkman number increased the entropy
generation. Entropy generation analysis within a semi-annulus enclosure filled with
nanofluid has been performed by Seyyedi et al. (2019a). Ghasemi and Siavashi (2017a) have
studied entropy generation of nanofluid natural convection within a porous enclosure.
Ghasemi and Siavashi (2017b) also investigated MHD-free convection of nanofluid within
porous enclosures under magnetic fields with different conductivity ratios. Hayat et al.
(2017) explored stagnation-point third-grade nanofluid flow under magnetic field. Sheremet
et al. (2015) studied the steady-state natural convection in a porous cavity containing
nanofluid. They found that the mean Nusselt number is proportional to the Brownian
motion parameter and has an inverse relationship with the Lewis number. The impact of an
inclined magnetic field on the nanofluid within a wavy wall cavity is investigated by
Sheremet et al. (2016). The results show increasing number of undulations due to decreasing
the average Nusselt number. The impact of thermal radiation on natural convection heat
transfer of an MHD nanofluid over an expanding sheet was examined by Dogonchi and
Ganji (2016c). The results showed that the distribution of liquid temperature and liquid
velocity increased with increasing radiation parameter. Dogonchi and Ganji (2016b)
examined the heat transfer and nanofluid flow between the stretching surfaces, taking into
account the effect of Brownian motion. The radiative flow of nanofluid considering partial
slip by rotating disk has been studied by Hayat et al. (2018). Thermal radiation impact on
magneto Carreau nanofluid has been examined by Waqas et al. (2017). Features of heat and
mass transfer in Maxwell nanoliquid flow over an expanded sheet have been investigated
by Khan et al. (2019). The impact of changeable viscosity on Williamson nanoliquid over a
non-linear expanded plate has been explored by Khan et al. (2018d). Magnetic Williamson
nanoliquid over an expanded surface has been perused by Khan et al. (2018c). Magnetic
natural convection of nanoliquid in a wavy cavity has been explored by Dogonchi et al.
(2019b). Entropy generation study of a hybrid nanoliquid within a concentric annulus has
been investigated by Shahsavar et al. (2019). Natural convection of nanoliquid in a wavy
enclosure subject to a non-uniform heating has been perused by Sheremet et al. (2017). In
addition, many substantial studies (Dogonchi et al., 2019k; Khan et al., 2018b, 2018a;
Dogonchi et al., 2019j; Dogonchi, 2019; Dogonchi et al., 2018c; Dogonchi and Ganji, 2018;
Dogonchi et al., 2019f, 2019e, 2019a, 2018b; Chamkha et al., 2018, 2019; Dogonchi et al.,
2018a, 2019h, 2019c, 2019d; Seyyedi et al., 2019b; Dogonchi et al., 2019 , 2019, 2019g) have
been carried out on the nanofluid subject.

The study of the transient squeezing flow between the parallel disks is a research field of
interest to researchers, as it can be applied to many engineering problems. Stefan (1874)
conducted the first investigation into squeezing flow in a lubrication system. Hayat et al.
(2012) examined the transient flow of a second-order fluid between disks. The MHD
squeezing nanofluid flow is among the disks analyzed by Hashmi et al. (2012). They
suggested that temperature significantly rises when one increases the thermophoretic and
Brownian motion parameters. Domairry and Aziz (2009) examined the MHD flow between
infinite disks with either fluid injection or fluid suction. They evaluated the effect of
Hartmann number, suction/injection parameter and squeeze Reynolds number on the radial
and axial velocity distributions. In another work, a transient squeezing flow between
surfaces was studied by Mustafa et al. (2012). They solved the governing equations by
utilizing the homotopy analysis method (Hayat et al., 2015b, 2016, 2015a; Farooq et al., 2018;
Alsaedi et al., 2013; Srinivas et al., 2016).

The main objective of the present study is to investigate the fluid flow and heat transfer
from the MHD nanofluid between parallel disks under the suction/injection process in the
presence of thermal radiation by considering the Joule heating and viscous dissipation. First,
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we transform the energy and governing momentum equations into their non-dimensional
form. Next, we solved them analytically with improved Adomian decomposition method
(ADM) (Adomian, 1986) named Duan–Rach approach (DRA) (Duan and Rach, 2011). Unlike
other amended methods of ADM, DRA permits us to determine a solution without applying
the numerical methods (Nofeli and Arabshahi, 2015; Esmaeili et al., 2016; Mohammadzadeh
et al., 2011; Nouri Damghani and Mohammadzadeh Gonabadi, 2019; Afshar et al., 2014) to
estimate uncertain coefficients. DRA corrected the usual ADM by analyzing the contrary
operators directly at boundary conditions. This evaluative method has been successfully
applied to various engineering problems (Dogonchi and Ganji, 2015, 2017; Dogonchi et al.,
2017; Alizadeh et al., 2018). The influence of squeeze number, suction/blowing parameter,
solid volume fraction, radiation parameter and magnetic parameter in fluid flow and heat
transfer characteristics are investigated.

2. Problem statement
The transient squeezing nanofluid flow among parallel disks subject to thermal radiation
and the magnetic field is shown in Figure 1. The disks are located at h(t) = (1 – at)1/2 H. The
upper one located at z = h(t) with velocity dh/dt. For a> 0, the disks make contact t= 1/a,
and for a< 0, the two disks are detached. The fluid is a water-based nanofluid comprising
alumina (Al2O3), copper (Cu) and copper oxide (CuO). It is assumed that the nanofluid is
incompressible, Newtonian, nanoparticles, and the phase of base fluid is in thermal
equilibrium, and slip-velocity is ignored due to particles size. Table I presents the
characteristics of the base fluid and nanoparticles (Abolbashari et al., 2014; Dogonchi et al.,
2019c). Given these suppositions, the governing equations for energy and conservative
momentum in the transient two-dimensional flow of nanofluid are (Hayat et al., 2012;

Hashmi et al., 2012):

Figure 1.
Schematic view of the
problem

Table I.
Thermo-physical
properties of water
and nanoparticles

r (kg/m3) Cp(J/kg K) k(W/mK)

Cu 8933 385 401
CuO 6320 531.8 76.5
Al2O3 3970 765 40
Pure water 997.1 4179 0.613

Source:Abolbashari et al. (2014), Dogonchi et al. (2019c)
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In these equations, w, u, B0, P, s f, T and qrad. are velocity in the z-direction, velocity in the
r-direction, magnetic field, pressure, electrical conductivity, temperature and radiative heat
flux, respectively. The latter one demonstrates the radiative heat flux which is expressed by
Dogonchi and Ganji (2016a):
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where rnf, (rCp)nf, mnf and knf are characterized as (Dogonchi et al., 2019e, 2019g):

rnf ¼ f r s þ 1� fð Þr f

rCp
� �

nf ¼ f rCp
� �

s þ 1� fð Þ rCp
� �

f

m nf ¼ m f 1� fð Þ�2:5

knf
kf

¼ 2kf þ ks þ 2f ks � kfð Þ
2kf þ ks � f ks � kfð Þ

(8)

The linked boundary conditions are ascertained as:

w ¼ dh=dt u ¼ 0 T ¼ TH at z ¼ h tð Þ
w ¼ �w0 1� atð Þ�1=2 u ¼ 0 T ¼ Tw at z ¼ 0

(9)

We present these parameters:

h ¼ z

H 1� atð Þ1=2
; u ¼ ar

2 1� atð Þ f
0
hð Þ;

w ¼ �a 1� atð Þ�1=2Hf hð Þ; u ¼ T � THð Þ Tw � THð Þ�1

(10)

By substituting equation (10) in equations (2), (3) and (7), we have:

f iv þ S
r s

r f
f þ 1� f

� �
1� fð Þ2:5 2ff 000 � 3f 00 � h f 000

� �� 1� fð Þ2:5Mn2f 00 ¼ 0

(11)

u 00 þ Pr
3
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� � S
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1� f þ rCp
� �

s
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� �

f

f

 !
2fu
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0� �
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� �

2
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3
777775 ¼ 0

(12)

Similarity transform alters the boundary conditions of the problem to the following form:

f
0
1ð Þ ¼ 0; f

0
0ð Þ ¼ 0; f 0ð Þ ¼ A; f 1ð Þ ¼ 1=2; u 0ð Þ ¼ 1; u 1ð Þ ¼ 0: (13)

here A> 0 illuminates the suction of fluid from the lower surface, while A< 0 illustrates
injection flow.

3. Parameters of engineering interest
3.1 Skin friction coefficient and Nusselt number
Other notable features of the present work are the Nusselt number and skin friction
coefficient, which are specified as follows:
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4. Duan–Rach approach
Suppose a third-order nonlinear differential equation:

Lu ¼ g xð Þ þ Nu; (16)

subject to the Robin boundary condition:

u x1ð Þ ¼ a0; u0 x2ð Þ ¼ a2; u0 x1ð Þ ¼ a1; x1 6¼ x2 (17)

In equation (17), L ¼ d3
dx3, g(x) and Nu illuminate linear operator, system input and a

nonlinear analytic operator, respectively.
We assume the converse linear operator as:

L�1ð�Þ ¼
ðx
x0

ðx
x1

ðx
j

ð�Þdxdxdx; (18)

where j is a prescribed value in the specified interval. Thus, we have:

L�1Lu ¼ u xð Þ � u0 x1ð Þ x� x0ð Þ � u x0ð Þ � 1
2

x� x1ð Þ2 � x0 � x1ð Þ2
h i

u00 jð Þ (19)

By applying L–1 to both sides of equation (16):

L�1 g þ Nu½ � ¼ �u0 x1ð Þ x� x0ð Þ þ u xð Þ � u x0ð Þ � 1
2

� x0 � x1ð Þ2 þ x� x1ð Þ2
h i

u00 jð Þ
(20)

By differentiating equation (19), consider x= x2, and solve for u00(j ):

u00 jð Þ ¼ x2 � x1ð Þ�1 u0 x2ð Þ � u0 x1ð Þ
� �� x2 � x1ð Þ�1

ðx2
x1

ðx
j

g þ Nu½ �dxdx: (21)
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Substituting equation (21) in equation (20), we acquire:
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Then, in equation (22), the obvious boundary values u0(x2), u0(x1) and u(x0) are comprised
and the indeterminate coefficient was substituted. Then, the solution is decomposed and the
nonlinearities are Nu xð Þ ¼P1

m¼0 Am xð Þ; u xð Þ ¼P1
m¼0 um xð Þ where Am = Am(um(x),. . .,

u1(x),u0(x)) are the Adomian polynomials. By the modified recursion scheme, the solution
components are determined:
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0
x1ð Þ x� x0ð Þ þ u x0ð Þ þ 1

2
� x0 � x1ð Þ2 þ x� x1ð Þ2
h i

u
0
x2ð Þ � u

0
x1ð Þ

� �
x2 � x1ð Þ�1

þ L�1g � 1
2

x� x1ð Þ2 � x0 � x1ð Þ2
x2 � x1

ðx2
x1

ðx
j

gdxdx: (23)

umþ1 ¼ þ L�1Am þ 1
2

x0 � x1ð Þ2 � x� x1ð Þ2
� �

x2 � x1ð Þ�1
ðx2
x1

ðx
j

Amdxdx (24)

5. Implementation of the Duan–Rach approach
In our work, because the prescribed value j is not used, the DRA must be modified.
According to equation (16), equations (11) and (12) can be written as:
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here L4 and L2 are expressed by L4 ¼ d4
dh 4 and L2 ¼ d2

dh 2, respectively. Suppose that L�1
4 and

L�1
2 exist:
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L�1
4 �ð Þ ¼

ðh
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ðh
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ðh
0

ðh
0
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2 �ð Þ ¼
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0

ðh
0

�ð Þdhdh (27)

Putting on with L�1
4 in equation (25) and thereupon performing boundary conditions on it:

f hð Þ ¼ L�1
4 N1uð Þ þ f 0 0ð Þh þ h 3

6
f 000 0ð Þ þ h 2

2
f 00 0ð Þ þ f 0ð Þ: (28)

By applying boundary conditions and L�1
2 in equation (26):

u hð Þ ¼ u 0ð Þ þ u 0 0ð Þh þ L�1
2 N3uð Þ: (29)

WhereN1u,N2u are specified as:
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Evidently, there are no values for u 0(0), f 000(0) and f00(0). In the normal ADM, we require to
consider those unknown conditions under numerical approaches. The precision of solution
pertains to precision of three uncharted parameters. In current work, we utilize the DRA
(Duan and Rach, 2011) to find an analytical solution.

Putting on with L�1
4 on equation (25) at n=1, we have:

ð1
0

ðh
0

ðh
0

ðh
0
f ivdhdhdhdh ¼ L�1

4 N1u
h i
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; (32)

where:
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After the integration of the left-hand side, we have:

L�1
4 N1u

h i
h¼1

¼ � 1
2
f
00
0ð Þ þ 1

2
� 1
6
f
000
0ð Þ � A (34)

Putting on with L�1
3 on equation (25) at h = 1, we have:ð1

0

ðh
0

ðh
0
f ivdhdhdh ¼ L�1

3 N1u
h i
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; (35)
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where:

L�1
3 N1u

h i
h¼1

¼
ð1
0

ðh
0

ðh
0

N1uð Þdhdhdh (36)

By integration of the left-hand side:

L�1
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2
f
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0ð Þ � f
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0ð Þ (37)

The subtraction of equation (34) from equation (37) gives us a relation of f00(0):

f
000
0ð Þ ¼ 12A� 6þ 12 L�1

4 N1u
h i

h¼1
� 6 L�1

3 N1u
h i

h¼1
(38)

and f0(0) is:

f
00
0ð Þ ¼ 2 L�1

3 N1u
h i

h¼1
� 6Aþ 3� 6 L�1

4 N1u
h i

h¼1
(39)

replacing f00(0) and f0(0) in equation (28):

f hð Þ ¼ 3
2
� 3A

� �
h 2 þ Aþ 2A� 1ð Þh 3 þ 2h 3 � 3h 2

� �
L�1
4 N1u

h i
h¼1

þ h 2 � h 3
� �

L�1
3 N1u

h i
h¼1

þ L�1
4 N1u

h i
(40)

So, the right-hand side of equation (40) does not comport indeterminate parameters f0(0) and
f0(0).

Ultimately, the modified recursive scheme can be written as:

f0 hð Þ ¼ Aþ 3
2
� 3A

� �
h 2 þ 2A� 1ð Þh 3

fnþ1 hð Þ ¼ 2h 3 � 3h 2
� �

L�1
4 An hð Þ

h i
h¼1

þ h 2 � h 3
� �

L�1
3 An hð Þ

h i
h¼1

þ L�1
4 An hð Þ

h i
(41)

where theAn(h ) are the Adomian polynomials. Adomian polynomials were firstly stated by
Adomian and Rach (1983):

An hð Þ ¼ 1
n!

dn

dl n N
Xn
i¼0

Fi hð Þl i

 !" #
l¼0

(42)

Utilizing equation (42), we acquire the sentences of Adomian polynomials and place them in
equation (41), and we specify fn as follows:

f0 hð Þ ¼ Aþ 3
2
� 3A

� �
h 2 þ 2A� 1ð Þh 3
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The functions f2, f3, . . . can be specified in an analogous way from equation (41). Utilizing
f hð Þ ¼

P1
n¼0 fn ¼ f0 þ f1 þ f2 þ . . ., thus:
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Based on equation (44), precision ascends by ascending the number of solution sentences (n).
For u (h ), we continued an identical manner. We attain the following recursive scheme:

u 0 hð Þ ¼ 1� h

u nþ1 hð Þ ¼ �h L�1
2 N2u

h i
h¼1

þ L�1
2 N2u

h i
(45)

where L�1
2 N2u

� 
h¼1 ¼

Ð 1
0

Ð h
0 N2uð Þdhdh ,

Using u hð Þ ¼
X1
n¼0

u n hð Þ ¼ u 0 hð Þ þ u 1 hð Þ þ u 2 hð Þ þ . . . ;

thus:
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6. Results and discussion
MHD nanofluid flow and heat transfer between two disks under suction/injection process
subject to thermal radiation, Joule heating and viscous dissipation impacts are analyzed via
the DRA (Dogonchi et al., 2016). The impacts of solid volume fraction (f ), the suction/
blowing parameter (A), the magnetic parameter (Mn), squeeze number (S) and radiation
parameter (N) are examined on the temperature and velocity profiles and Nusselt number.
To validate the current solution, we measured our outcomes against other studies presented
in the literature (Hashmi et al., 2012). They are in strong accordance as illuminated in
Table II.

The magnetic parameter’s impact on the temperature profiles and velocity of the Cu–
water nanofluid is illustrated in Figure 2 when S= 1, A=1, N= 1, f = 2 per cent and Pr =
6.2. The ascending values of theMn tend to diminish the nanofluid’s velocity. On the other
hand, this is the case in the h interval h = 0 to almost h = 0.3962. For h > 0.3962, as the
magnetic parameter ascends, the velocity’s magnitude rises. Figure 2 also displays the
impact of theMn on f0. As seen, ascending theMn leads to a diminution in f0 to h = 0.2102.
Between h = 0.2102 and almost h = 0.7001, f0 is an ascending function of theMn and visits
its minimum value in this confine. After h = 0.7001, the trend of f0 is similar to the first
confine. Moreover, based on this figure, the temperature profile ascends with the ascending
values of theMn. Further, its variation is less pronounced than when theMn is at a higher
value. In fact, the addition of aMn causes a thickening of the thermal boundary layer.

Figures 3 and 4 display the influences of f and N on the Nusselt number and
temperature profile when S= 1, A= 1, Mn = 2 and Pr = 6.2, respectively. The ascending
values of the nanofluid’s volume fraction, as well as the radiation parameter, cause the
temperature of the nanofluid to rise. This means that the thermal boundary layer thickness
rises with an increase of the nanofluid’s volume fraction and the radiation parameter. So, the
temperature gradient is a diminishing function of f and N. As mentioned before, the

Table II.
Comparison between
present and Hashmi
et al. (2012) results
for Nu

Nb

Nt = 0.1
Nt

Nb = 1.5
Present results Hashmi et al. (2012) results Present results Hashmi et al. (2012) results

0.1 0.52628539 0.52628540 0.5 1.17682118 1.17682119
0.5 0.63433253 0.63433253 1 1.48581193 1.48581207
1 0.78636385 0.78636385 1.5 1.82305353 1.82305276
1.5 0.95569954 0.95569955 2 2.17922793 2.17915991
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Figure 2.
Velocity and

temperature profiles
for different values of

the magnetic
parameter for the Cu–
water nanofluid when

S= 1, A=1, N= 1,
f = 2 per cent and

Pr = 6.2

Figure 3.
Temperature profile
for different values of

the solid volume
fraction and the

radiation parameter
for the Cu–water

nanofluid when S= 1,
A=1, Mn = 2 and

Pr = 6.2
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Nusselt number is expressed as the multiplication of temperature gradient, (1þ (4/3)N) and
rate of thermal conductivity (knf/kf). Raising f and N causes a rise in the thermal
conductivity rate and (1þ (4/3)N), respectively. As the rise in these terms with the rising of
f and N dominates the diminution in the temperature gradient, the Nusselt number arises
with the increase of f and N. It can also be seen in Figure 4 that in the injection case, the
Nusselt number is higher than in the suction case.

Figures 5 and 6 show the impacts of suction/blowing parameter and S on the
temperature and velocity profiles and Nusselt number when N=1, f = 2 per cent, Mn = 2
and Pr = 6.2. It is to be said that the squeezing number narrates the motion of the disks. That
means S> 0 relates to the disks shifting apart, while S< 0 relates to the disks shifting
together. In fact, the latter case refers to squeezing flow. Also, A> 0 illuminates fluid being
sucked from the lower surface, while A< 0 illustrates injection flow. One can observe that
the rising suction intensity causes the magnitude of fluid velocity to increase and the

Figure 4.
The Nusselt number
for different values of
the solid volume
fraction and the
radiation parameter
for the Cu–water
nanofluid when S= 1,
Mn = 10 and Pr = 6.2
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magnitude of f0 and temperature profiles to decrease, but these manners of temperature and
velocity are entirely reversed in the injection case. Further, it is obvious that because of
injection, an overheating process occurs, causing the thermal layer to increase and an
increase in the heat transfer rate. Conversely, suction causes the system to cool down by
decreasing the thermal layer. Hence, when cooling is needed, a suction process is
recommendable, and the reverse is true when heating is needed, i.e. an injection process is
advisable. Looking at the variations of the temperature profiles and velocity with the
squeezing number for the suction case, we find that for a different motion of the disks (shift
apart or shift together), we have various impacts on the temperature profiles and velocity.
For example, in the suction case when two disks shift apart, the temperature profiles and
velocity decrease with an increase of the absolute magnitude of S. However, this is true for
the f0 profile when almost h < 0.3848. For h > 0.3848, as the absolute magnitude of S
ascends, the magnitude of the f0 raises. It is important to note that these treatments of
temperature and velocity are completely the opposite for the squeezing flow. Further, it can

Figure 5.
Velocity profiles for

different values of the
suction/blowing

parameter and the
squeeze number for

the Cu–water
nanofluid when

N=1, Mn = 2, f = 2
per cent and Pr = 6.2
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be inferred from Figure 6 that for higher values of the suction parameter (A=1), the
squeezing flow causes the Nusselt number to ascend, while the Nusselt number diminishes
when two disks move apart. For higher values of the injection parameter (A = –1), different
conditions are observed.

Probably one of the most significant considerations for increasing the heat transfer
rate is the nanofluid type. Hence, a study between various types of nanofluids is done to
determine which of the results is in the highest cooling performance. As mentioned
before, in this work, we suppose three types of nanoparticle (Cu, Al2O3 and CuO).
Impacts of various kinds of nanofluids on the Nusselt number are illuminated in
Figure 7. One can observe that the use of various nanofluid types alters the value of the
Nu. This means the type of nanofluids will be momentous in the heating and cooling
processes. As seen in Table I and based on equation (17), because Cu has a higher
thermal conductivity than CuO and Al2O3, we can surmise that electing Cu–water as
the nanofluid results in the highest Nusselt number value, but that value becomes the
lowest as the result of electing Al2O3–water. Such an outcome is more marked for
higher values of f .

Figure 6.
Temperature profile
and Nusselt number
for different values of
the suction/blowing
parameter and the
squeeze number for
the Cu–water
nanofluid when
N=1, Mn = 2, f = 2
per cent and Pr = 6.2
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7. Conclusions
In this work, the heat transfer and transient squeezing flow and of an MHD nanofluid
between disks under a suction/injection process, which is subjected to the thermal radiation,
Joule heating and viscous dissipation impacts, are analytically studied by the DRA. This
approach permits us to discover an analytical solution without the need to apply a numerical
method to compute indeterminate parameters. The results reveal that the temperature profile
and Nusselt number increase with rising ofN and f . The outcomes also show that for higher
amounts of the suction parameter (A=1), the squeezing flow causes the Nusselt number to
increase, while the Nusselt number decreases when two disks move apart. Moreover, the
results indicate that the nanofluid type is a chief factor for enhancing the heat transfer rate.
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