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Abstract. Heating and cooling are two important procedures in manufacturing as well as transportation industries.
Rather than the conventional fluids, solutions of fluids with metal nanoparticles have higher thermal conductivity for
effective cooling. Therefore, present paper is a comparative study of squeezing flow analysis of copper oxide–water
and oil (kerosene)-based nanofluid between two parallel plates. Magnetohydrodynamic flow of kerosene-based
nanofluid along with the dissipative heat energy may enhance the thermal properties of the fluid. Assuming selfsimilar variables, the governing equations get transformed into non-dimensional forms and approximate analytical
techniques such as variation parameter method is employed for these transformed equations. With the well posed
physical parameters, the computation is carried out using the mathematical package MATHEMATICA and displayed
via graphs and numerical results are shown in tabular form. Favourable cases in comparison with earlier studies are
also studied wherever possible. However, when the plates are away from each other, it is seen that the kerosene-based
nanofluid velocity overrides the water-based nanofluid whereas the impact is reversed in the case of squeezing.
Keywords. Squeezing flow; kerosene-based nanofluid; silver nanoparticles; dissipative heat energy; variation
parameter method.
PACS No. 05.70.−a; 44.20.+b; 44.35.+c

1. Introduction
Study of nanofluids is one of the challenging areas of
research due to its wide range of applications in several industries as well as engineering. As size is small
and the specific area is large, the thermal conductivity
of nanofluids is high, which helps in minimal blockage
and long-term stability in various physical phenomena
such as electronics refrigeration, grinding, machining,
peristaltic pumping which is used for the diabetic treatments etc. In industrial applications, nanofluid is used
as a coolant. Due to these novel properties in heat
transfer, nanofluids can be used in many applications.
Depending upon various utilities, nanoparticles of both
metals such as copper, aluminum, gold, silver and metal
oxides like copper oxide, titanium oxide, alumina, etc.
are used in base fluids such as water, oil, ethylyne glycol (which have poor conductivity) to form nanofluids.
Many researchers are keen on this topic. Choi and Eastman [1] studied nanofluids which are suspensions of
liquids and ultrafine particles. Further extensive work
was performed by Khan and Pop [2]. They have dis-
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cussed the flow of nanofluids over a stretching sheet.
Study of suspended dust particles through a porous
medium past a stretching sheet has been done by Gireesha et al [3] and Krishnamurthy et al [4]. Gorla and
Chamkha [5] studied the free convective flow of the
nanofluid over a horizontal surface.
In several studies of nanofluids, the geometry plays
a vital role. Therefore, many researchers [6–13] have
done their work on the flow of nanofluids past different geometries. Squeezing flow analysis of the flow of
nanofluids between parallel disks under the influence
of magnetohydrodynamics has been done by Hashmi
et al [14]. Archana et al [15] investigated the influence of buoyancy and nonlinear thermal radiation on
the triple diffusive flow of nanofluid past a horizontal
plate. The heat transfer characteristics of several nonNewtonian fluids by including various thermophysical
properties was studied by Bhatta et al [16], Sandeep
and Reddy [17] and Reddy et al [18,19]. Flow conducted in various geometries plays important roles in
fluid dynamics. The influence of slip on the conducting
nanofluid between parallel disks is presented by Das et al
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[20]. For the complex structure of the problem they have
employed numerical treatment. Velocity and temperature on squeeze magnetohydrodynamic nanofluid flow
under the effect of slip was studied by Mohyud-Din et
al [21]. Further, Uddin and his co-workers [22–26] have
deployed multiple slip conditions on the bi-convective
electromagnetic nanofluid transport.
Present study is significant because the governing
equations are highly nonlinear. From the aforementioned literature survey the present investigation aims
to study the influence of dissipative heat energy on
the squeezing flow analysis between two parallel disks.
Similarity transformation plays a key role in reducing
the governing equations of the problem into a system of
nonlinear ordinary differential equations and the novelty
is the use of the approximate analytical solution method,
i.e. the variation parameter method (VPM).

2. Problem formalism
Nanofluid squeezing flow between two infinite parallel plates is considered in the present analysis. The
time-dependent
√ flow is past two parallel plates at z =
±h(t) = ±l 1 − αt where α is the rate constant, i.e.
α = 1/t. Here, α > 0 indicates the squeezing of
the plates and α < 0 indicates the separation of the
plates. CuO–water and CuO–kerosene-based nanofluids
are considered to investigate the heat transfer phenomena with various characterising parameters. Dissipative
heat energy is caused by the shear in the flow and
noticeable changes can be seen in the flow phenomena.
However, the effect is observed for high Eckert number,
i.e. Ec >> 1. Further, from the geometry presented in
figure 1, the nature of the flow is assumed to be symmetric.
The governing equations for the unsteady flow phenomena with relevant boundary conditions are assumed
to be as follows (following [28]):
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Figure 1. Geometrical configuration.
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Here, the flow directions along the x- and y-axes are
accompanied by the components u and v respectively,
p, the pressure, ρn f , the effective density, μn f , the
dynamic viscosity, (ρC p )n f , the heat capacity and kn f ,
the thermal conductivity of the nanofluid. The aforesaid
thermophysical properties following [3] are defined as
⎞
⎛
ρn f =
 (1 −φ) ρ f +φρs 

⎜ ρc p
= (1 −φ) ρc p f +φ ρc p s ⎟
⎟
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However, eq. (1) for continuity is verified for the following similarity variables and transformations are used for
eqs (2) and (3) and the boundary conditions.
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Table 1. Thermophysical properties of both nanoparticle (Al2 O3 ) and base fluids.
Physical properties
c p (J/kg K)

ρ (kg/m3 )

k (W/mK)

540
4179
2090

6500
997.1
783

18
0.613
0.15

Nanoparticle: CuO
Base fluid: Water
Kerosene
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Equations (2), (3) along with conditions (4) combined
with the aforementioned variables are transformed to
the non-dimensional form as
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4. Methodology (variation parameter method)
The variational parameter method (VPM) employed for
the nonlinear equations (7) and (8) is meant for the lineralisation of the problem without using perturbation
or discritisation which is the advantage of VPM. These
ODEs (7) are (8) are rearranged as
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However, the iteration procedure resulted in f 1 , f 2 , f 3
, ... and θ1 , θ2 , θ3 , ... etc.
Using initial conditions
f 0 (η) = C1 η + C2
θ0 (η) = C3 η

η3
3!

and employing the prescribed boundary conditions, we
get Ci’s, i = 1(1)3.

3. Coefficient of engineering interest

5. Results and discussion

This section describes the practical interest for the coefficients of the engineering interest such as the rate of
shear stress (C f ) and the rate of heat transfer (N u) as
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The squeezing flow analysis between two parallel
plates is obtained considering CuO–water and CuO—
kerosene-based nanofluids. Thermophysical properties
such as thermal conductivity, density and specific heat
for both the nanoparticles and the base fluids are presented in table 1. Influence of various physical parameters such as squeezing parameter (S), delta, Eckert
number (Ec), nanoparticle volume fraction (φ) etc. on
the flow phenomena was studied. These are presented
in figures 2–11. Skin friction as well as Nusselt number
are presented in table 2. Comparative study for both the
nanofluids are done and conclusions are given in the final

which gives
C f = A1 (1 − ϕ)2.5 f  (1), N u = −A3 θ  (1).
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Table 2. Comparison of skin friction and Nusselt number for various fluids.
φ

S

A1 (1 − φ)2.5 f  (1)

Ec

CuO-water
0
0.02
0.06

0.5

0.4

0.1
1
1.5
0.1
0.3
0.5

−3.3364
−3.5409
−3.8552
−3.5126
−4.2399
−4.5874
−4.8857
−4.8857
−4.8857

−A3 θ  (1)

CuO-kerosene

CuO-water

CuO-kerosene

−3.6384
−4.02
−4.6434
−3.7038
−4.5051
−4.8857
−4.8857
−4.8857
−4.8857

27.0702
28.827
32.7055
38.2266
27.9773
24.7252
6.2005
18.6014
31.0023

5.5008
5.9263
6.8517
9.9934
6.6101
6.2005
6.2005
18.6014
31.0023

section. Throughout the computations we have considered the value of the Prandtl number as Pr = 6.2 for
water-based and Pr = 23 for kerosene-based nanofluid.
However, the remaining contributing parameters in the
corresponding figures are φ = 0.05, S = 2, δ =
0.1, Ec = 0.1 except the contributing parameters are
deployed in the respective figures.
5.1 Comparative numerical simulation
Computation is carried out for the rate coefficients, i.e.
the shear stress and heat transfer coefficients at the
upper plate for both the CuO–water and CuO–kerosene
nanofluids for various pertinent physical parameters and
listed in table 2. The comparison is obtained for both
the nanofluids as well as pure fluid. Here, φ = 0 represents the case of normal fluid. It is observed that the rate
of shear stress of kerosene is more than that of water
because kerosene has much higher viscosity than water.
However, increasing volume fraction increases the rate
significantly for both nanofluids but in the presence of
nanoparticle volume fraction, higher shear rate is seen
in the case of kerosene-based nanofluid. The coupling
parameter is obtained due to the interaction of dissipative heat energy, i.e. the Eckert number. An increase in
Ec favours the increase in the rate of heat transfer for
both nanofluids. Higher Ec produces higher dissipative
heat energy to increase its rate of heat transfer. Impact is
reversed for increasing squeezing parameter. As squeezing increases, i.e. both plates are close to each other, the
rate of shear stress enhances. However, the Nusselt number (Nu) decreases significantly. This study is important
in squeezing analysis.

Figure 2. Influence of φ vs. S on fluid velocity.

Figure 3. Influence of φ vs. S on fluid temperature.

5.2 Influence of nanoparticle volume fraction
Volume fraction is the amount of nanoparticles or the
percentage of nanoparticles or in a simple way we
can say that the volume fraction is the concentration
of the mixture present in certain volume of the fluid.

The behaviour depends on the concentration of the
nanoparticles in the base fluid, the diameter and the
type of nanoparticle used. In this study, we have considered CuO nanoparticles in the base fluids (water and
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Figure 4. Influence of φ vs. δ on the temperature profile.

Figure 7. Influence of φ on temperature distribution.

Figure 5. Influence of φ vs. Ec on the temperature profile.

Figure 8. Influence of S on velocity distribution.

Figure 6. Influence of φ on velocity distribution.

Figure 9. Influence of S on temperature distribution.
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Figure 10. Influence of Ec on temperature distribution for
fixed values of other parameters.

Figure 11. Influence of δ on fluid temperature.

kerosene). The computation is done for several characterising parameters on the flow phenomena. Each figure
gives the comparison of the behaviours of the parameters for both the base fluids with the nanoparticles.
Figure 2 illustrates the influence of nanoparticle volume fraction vs. different squeezing parameters on the
fluid velocity profiles for the CuO–water (bold lines)
and CuO–kerosene (dotted lines). At present, for the
computation we have considered the range of S as
−1  S  3, S < 0 indicates that both the plates
are away from each other and S > 0 indicates squeezing. As S increases in magnitude, in negative direction
−1 < S < 0 , i.e. both plates are away from one another.
The fluid velocity increases with increasing volume
fraction and reverse impact is seen as S > 0 for squeezing (0 < S < 3). As the plates move away, the motion of
the nanoparticles is random and moving faster near the
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lower plate resulting in an increase in the fluid motion.
Moreover, both the plates are closer to each other.
Then, due to heavier density of the nanoparticles, the
fluid motion decelerates. On comparing CuO–kerosene
and CuO–water based nanofluids it is observed that,
when S < 0, the kerosene-based nanofluid dominates
over the water-based nanofluid but the reverse effect is
seen in the case of squeezing. Figure 3 describes the
behaviour of nanoparticle volume fraction vs. squeezing parameter on the fluid temperature. For φ = 0
and S < 0 maximum temperature is observed. However, squeezing (S > 0) favours enhancement in
nanofluid temperature. A comparative study of the twolayered nature shows that the water-based nanofluids
have more strength than kerosene-based nanofluids.
The influence of thickness (δ) vs. volume fraction
on the temperature profile is shown in figure 4. It
is seen that as thickness varies the boundary layer
thickness is relatively high near the upper plate showing increasing fluid temperature. Also, with increasing volume fraction, the fluid temperature increases.
Water-based nanofluid shows its dominating character
over the kerosene-based nanofluid in the entire flow
domain and it is concluded that an upsurge in the profiles
is due to higher conductivity of the base fluid (water).
Influence of volume fraction vs. the coupling parameter (Ec) on the temperature distribution is displayed in
figure 5. The dissipative heat transfer is due to the inverse
relation of enthalpy difference. As Ec increases, the
fluid temperature increases with increasing volume fraction. Maximum changes in the profile are marked in the
case of kerosene-based nanofluids because poor conductivity produces less enthalpy, enhancing the profiles.
Variation of volume fraction for both the nanofluids as
well as the pure fluid with different base fluids considering CuO–kerosene and CuO–water are exhibited in
figure 6. The variation in the profile is marked from
the middle layer of the channel. In the case of pure
fluid, the maximum velocity is observed and further,
an increase in volume fraction causes a decrease in fluid
velocity. The retardation is due to the heavier density
of the CuO nanoparticles. During the randomness in
motion of the particles, maximum number of particles
are deposited near the lower plate and thus the velocity
decreases in the region [0,0.5]. However, the impact is
reversed in the second region, i.e. [0.5,1.0]. It is interesting to observe that Cu–water nanofluid has heavier
density than kerosene-based nanofluid, causing a greater
retardation effect in the first region. Figure 7 illustrates
the influence of volume fraction on the temperature
distribution. The two layered variation shows that, the
kerosene-based nanofluid is more efficient in increasing the fluid temperature in the entire flow domain for
increasing values of volume fraction. It is concluded that
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the use of nanoparticles is more efficient than the use of
pure fluid.
5.3 Variation of squeezing parameter
Figure 8 portrays the influence of squeezing parameter
on the velocity distribution of both the CuO–kerosene
and CuO–water nanofluids. Here, S>0 represents the
squeezing of the plates. Two-layer variations are marked
from the central region of the channel. As squeezing
increases, the velocity decreases in the first region and
reverse effect can be seen in the second region. Though
the comparison is insignificant for various nanofluids, on
close observation it is seen that in the case of kerosenebased nanofluid the retardation is maximum. Figure 9
exhibits the variation of squeezing parameter on the
temperature profiles of both the nanofluids. Significant
decrease in the temperature profile of CuO–kerosene
nanofluid is marked for increasing squeezing. However,
in the case of CuO–water nanofluid, the retardation is
maximum due to higher conductivity because the plates
are towards each other.
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• In the case of pure fluid, if the plates are released
from each other the kerosene-based CuO nanofluid
experiences maximum velocity in comparison to
water-based nanofluid.
• As discussed earlier, heavier density of the nanoparticles favours enhancement in the fluid motion when
plates are away from each other and impact is
reversed in the case of squeezing.
• The temperature profile increases for the enrichment
of the coupling parameter due to the interaction of
dissipative heat energy.
• Shear stress coefficient and rate of heat transfer
increase with an increase in volume concentration
of CuO nanoparticles.
• Due to higher viscosity of kerosene than water, the
rate of shear stress also increases in magnitude.
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