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Abstract: The present paper aims to study the convective high temperature transfer of Nanofluids into which we use viscosity proposed with Einstein also with the
thermal conductivity proposed by Corcione. Particularly in this paper discussion
is about free and forced convective heat transfer in Cu – water Nano- fluid past
permeable flat vertical semi-infinite moving plate due to high conductivity and
occurrence in Cu-water Nanofluid with natural or forced convections in which we
consider magnetic field and also heat source. The effect on various parameters
were exhibited in graphs. The profile of every governing parameter is displayed
for natural as well as forced convection by considering the Ar >> 1 and Ar << 1
respectively.
Keywords and Phrases: Free and forced, Convective, Heat Transfer, Nano Fluid,
Vertical Plate.
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1. Introduction
Nanofluids consisting of nanometer-sized solid particles and fibers discrete in liquids have recently been demonstrated to have great potential for improving the heat
transfer properties of liquids. Some distinctive behavior of nanofluids have been
identified, including the possibility of obtaining large increase in thermal conductivity compared with liquids without nanoparticles, strong temperature-dependent
effects, and significant increase in vital heat flux. Natural convection heat transfer in nanofluids has begun to receive attention owing to potential applications
of nanofluids. Putra et al. [1] studied natural convection of Al2 O3 in water and
CuO in water nanofluids. Unlike conduction or forced convection, these natural
convection experiments showed a decrease in heat transfer. Khanafer et al. [2]
developed a thermal dispersion model to simulate natural convection heat transfer
of nanofluids in a two-dimensional enclosure. Eastman et al. [3] reported that the
heat transfer coefficient of water containing 0.9 vol % of CuO nanoparticles was
improved by 15 % compared with that of water without nano particles. Recently,
Xuan and Li [4] measured the convective heat transfer coefficient and friction factor
of Cu-water nanofluids in turbulent flow. Pak and Cho [5] found that the convective
heat transfer coefficient of water-based nanofluids with 3 vol.% Al2 O3 and T iO2
nanoparticles was 12% smaller than that of pure water when tested under constant
average velocity. One possible reason for this reduction in heat transfer could be
that the viscosity of the nanofluids prepared in this study was much larger than
that of the nanofluids used by Wang et al. [6] as discussed above. In the study
of their research it was found uniformly with heated vertical walls in a rectangular
cross-section channel in various restricted inlets and outlets these details were obtained from the work done by Neiswanger et al [7] in 1987, Pushpalatha [8] were
studied in their research and found free convection flow on casson fluid and identified that the effect is on velocity field. The magneto hydro dynamic Casson fluid
in a parallel plates channel of stretching walls was performed by Sugunamma et al
[9]. Srikanth et al. [10] were studied the effects of size of nano particles were found
in their study of their research the destructive chemical reaction exponentially decreases the velocity. This study was about free and forced convective heat transfer
in Cu–water Nanofluid past permeable flat vertical semi-infinite moving plate due
to high conductivity and occurrence in Cu-water Nanofluid with natural or forced
convections in which we consider magnetic field and also heat source.
2. Mathematical Formulation
The main assumptions governing the flow and heat transfer are as follows:
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 Cu and water nanofluid flow past a moving semi infinite flat plate.
 The nanofluid flow is assumed in the x-direction and initially system is at
rest
 This plate is assumed to be non-electrically conducting and moving in the
normal direction with the velocity of U0
 Suppose the regular fluid and suspended Cu particle both are at the thermal
equilibrium and no slip occur between them.
 Transverse magnetic field is applied uniformly.
 It is assumed that the induced magnetic fieldis less than applied externally.
 The surface temperature at a constant value Tw and the ambient temperature
as T∞ where Tw >T∞
 The fluid is assumed to follow the Bossinesq approximation

Thus Cartesian co-ordinate system and also the geometry of the plate are shown
in the figure.

Figure 1: Schematic diagram
3. Governing Equations
The boundary layer equations governing the flow and heat transfer as per the
assumptions taken in the formulation of the problem are:
∂u ∂v
+
=0
∂x ∂y

(1)
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The boundary conditions for this problem are as follows:
u(x, y, t) = 0, v(x, y, t) = 0, T (x, y, t) = T∞ , t < 0, u(0, y, t) = U0 , v(0, y, t) = U0 ,
T (0, y, t) = T∞ , y > 0, t ≥ 0 u(x, 0, t) = U0 , v(x, 0, t) = U0 , T (x, 0, t) = T∞ , x >
0, t ≥ 0 ,
u(x, ∞, t) →
− 0, v(x, ∞, t) →
− 0, T (x, ∞, t) →
− 0, t ≥ 0
u(∞, y, t) →
− 0, v(∞, y, t) →
− 0, T (∞, y, t) →
− 0, t ≥ 0
Here we introduce the following dimensionless variables:
X=

y 0
U0
u
V
T − T∞
x
,Y = ,t = t ,U =
,V =
,θ =
.
L
L
L
U0
U0
TW − T∞

(5)

Where L was characteristic length of the plate. The equations (1)-(4) are written
in the following dimensionless form using the equations:
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4. Solution and discussion of the Results
The system of equations from (5)-(8) was coupled. These equations are to
be solved when subjected to the boundary conditions. The domain considered
is an infinite rectangular plate, the study is in 2 dimensions. For computational
purpose the height of the plate is considered to be of 2 units and the width of
the plate is to be of 1 unit. To solve this system we used “ND Solve” tool in
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Mathematica 10.4. The effect on various parameters were exhibited in graphs from
Figures 2 to 9. The profile of every governing parameter is displayed for natural as
well as forced convection by considering the Ar>>1 and Ar<<1 respectively. For
computation we assumed two cases as Ar = 500 and Ar = 1/500 and the other
parameters were assumed to be constant. The vertical velocity (U) profiles are
displayed from figures 2 to 5. The vertical flow is found more in natural convection
than in forced convection for all variations. Movement of the plate accelerates the
flow more in natural convection. Thus the movement of the boundary regulates the
flow in forced convection case. From Fig.2 it is evident that the flow was directly
proportional to the inertial force in both convections Fig.3 confirms that the solid
volume fraction is always inversely proportional to the flow in both convections.
But the flow retards gradually.

Figure 2: Profiles of U with Re

Figure 3: Profiles of velocity U with φ

Figure 4: Profiles of velocity U with M

Figure 5: Profiles of U with Qh

From Fig.4 Lorentz force dominates the flow in both convections. Heat source
is not much significant on flow in both convections, but it showed negative impact
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when it was increased (Fig.5). It was happened due to the presence of metal
particles which act as heat absorbers. So the Cu-water Nanofluid will be preferred
in heat generating systems. The horizontal velocity (V) profiles are displayed from
figures 6-9. The horizontal velocity is found more in natural convection than in
forced convection for all variations.From Fig.6, viscous force dominates the inertial
force and hence the velocity enhances as Re increases in natural convection and
reversal effect is observed in forced convection. Fig.7 shows that presences of the
metal particle enhance the velocity due to the Brownian motion of the particles.
Under further observation, variation of velocity is significant in forced convection
than in natural convection. Fig. 8 exhibits the reduction of velocity with Lorentz
force in both the convections. But the variation of M is not clearly significant in
both convections. Fig.9 shows that variation of v with Qh, heat source is slightly
affecting the velocity V. It is found that the variation of Qh reduces the velocity.

Figure 6: Profile of V with Re

Figure 7: Profile of V with φ

Figure 8: Profile of V with M

Figure 9: Profile of V with Qh
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3. Conclusion:
 Rate of heat transfer was found more in forced convection than in the free
convection.
 The presence of metal particles enhances the velocity due to Brownian motion
of the particles.
 Solid volume fraction was inversely proportional to the temperature in natural convection and it is directly proportional to the temperature in forced
convection.
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