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Abstract

This article studies , the effects of unsteady magneto-hydrodynamic boundary layer when cobalt nanoparticles where passed onto a ver-
tical plate which is given an impulse by exponential acceleration through porous medium of ethylene glycol when thermal radiation is
present ,parameters of absorption of heat and radiation, chemical reaction parameter, magnetic field in transverse direction are theoreti-
cally studied. We consider cobalt nanoparticles resembles to spherical structure and range of volume of nanoparticle concentration is
basically less than or equal to 4%. Considering the boundary conditions we have formulated a governing equations of nanoparticles
which is in the form of partial differential equations. The precise solutions for velocity, concentration and temperature profiles are ob-
tained by plotting the graphs of the equations formed using Laplace Method using MATLAB software. This study of heat transfer in
nanoparticles finds application in tribological aspect, biological fields dealing with molecular level cell interactions, improving thermal
conductivity and commercial cooling applications. The most significant outcome of this study is found in the concentration profile where
time is varied. We see that there is 68% decrease in concentration when the time interval chosen is 0.2, whereas the decrease is found to

55% when the interval is increased to 0.4 keeping the distance from vertical plate constant.
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1. Introduction

Several industry-related processes deal with the heat transfer by
way of flowing fluid either laminar or turbulent system in addition
to stagnant or flowing boiling fluids. These processes include
wide-range of pressures & temperatures. Most of these applica-
tions would get benefited from the decrease in thermal resistance
of heat transfer fluid. This condition would lead to decrease in
heat transfer systems with lesser capital costs and improvements
in energy efficiencies with the latest technology and improve-
ments, solid particles have diameters less than 100 nm can be
produced with nanotechnology. Due to this, liquid suspensions
can be developed by diffusing the nanoparticles in base fluid in
place of a millimeter or micro-sized particles and it can be used
them for improving the heat transfer (Masuda et al [6] and Choi
[4]). The liquid suspensions can also be called as Nano fluids. As
nanoparticles are minuscule, they act like fluid molecules which
resolves the main problem of small passages getting clogged when
larger particles are used. This theoretical models has been pro-
posed by several researchers to describe and foretell these aberrant
ratios of thermal conductivity which is called as the effective
thermal conductivity of Nano fluid divided by base fluid’s thermal
conductivity.

Considering the parameter of heat generation and absorption
MHD free convection of nanoparticles passing over a plate was
studied by Chamkha and Aly [2]. Using Keller box method
Chamkha et al. [3] studied Nusselt and Sherwood number and

radiation effects through the pervious medium consisting nanoflu-
ids on a vertical plate. While the velocity and temperature profiles
for inclined plate were studied by Akilu and Narahari [1] and [7].
A rotating vertical plate system was considered by Satya Narayana
et al. [8] and [9] in which they studied thermal-radiation and heat-
ing effects for MHD nanofluid flow. Turkyilmazoglu [11] and
[10] found out the solution for closed form analytic problems for
an accelerated plate considering radiation effects. Kumaresan et al.
[5] found a precise solution for MHD convection for silver nano-
particles suspended in water as a base fluid. By studying all these
cited articles we found out a solution for Magneto Hydrodynamic
boundary layer flow for cobalt nanoparticles passed over a vertical
plate through ethylene glycol which is porous medium. We have
considered here the presence of parameters of absorption of radia-
tion and heat generation, magnetic field, chemical reaction param-
eter to study the velocity temperature and concentration profile.
The governing equation for flow of nanofluids over a vertical plate
was solved by Laplace Transform method considering appropriate
boundary condition and the graphs were plotted by varying the
various parameters and their influence on the characteristic curves
were discussed.

2. Mathematical Analysis

A nanofluid is considered to be possessing properties like viscous,
incompressible and electrically conducting. It is allowed to flow
over a vertical plate in exponential manner. We have applied
transverse magnetic field over a plate whereas radiation absorption,
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chemical reaction parameters are also considered. A plate is
placed such that x axis is vertical and Y axis is horizontal. The
temperature and concentration initially is said to be Too and Ceo.
For t >0, the plate is allowed to experience an acceleration of u
=ulexp(a’t’) in upward direction. Magnetic force B0 is considered
to be operated parallel to the ordinate system. We have assumed
the plate to be in thermal equilibrium for both fluid and nano-
particles. There is no electric field present in the considered sys-
tem as no applied voltage is present. The plate is placed on y=0
and flow has boundary layer at y>0. The variation in pressure
gradient is neglected in the considered system. Heat flux which
causes radiation is applied on plate in perpendicular direction.

The flow variables that we are considering are functions of y and t.

The above explained coordinate system is illustrated in fig.1 along
with various boundary layers present at y>0.
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Thermal and physical properties of ethylene glycol based nano
particles are-

3. Results and Discussion

We have studied the effect of cobalt nanoparticles suspended in
ethylene glycol chosen as the base fluid. The parameters
chosen for study were the concentration, temperature and velocity
profiles. The above parameters were thoroughly discussed and the
graphs were plotted to demonstrate the behavioral characteristics.
The values chosen were
a0=0.5,Q1=0.5,K=0.5,M=3,k=0.5,N=4,Pr=20,,Gr=5 ,Sc=0.16 and
t=0.5. There parameters were varied in each of the above men-
tioned profiles and characteristics were determined using
MATLAB. The table depicts the thermo-physical properties
considering that the cobalt nanoparticles resembles to spherical
structure. The nanoscale characteristics are invalidated when the ¢
value approaches zero. We have also found out the variation of
velocity profile with varying parameter of heat generation Q. The
characteristic curves shows the steady increment in slope as Q
value increases in interval of 1 to 5.This implies that near the
boundary layer region the velocity tends to retard with increase in
heat absorption. The variation of velocity with varying thermal
radiation parameter N was also studied. The curves show that the
velocity increases as the N value increases. As thermal radiation
increases boundary layer near plate also increases leading to lesser
cooling rates. The effect of magnetic field parameter on the ve-
locity profile was also studied. The graph shows that the velocity
decreases steadily as the M value increases. Development of Lo-
rentz force causes slowing down of Nano fluid particles in bound-
ary layer. The reduction in drag force causes increment in dimen-
sionless parameter of permeability K which causes reduction in
velocity profile evidently demonstrated. It is observed that there is
gradual increase in velocity as the time increases when the graph
is plotted. When temperature profile is studied the following fac-
tors have a significant effect on shifting the characteristic curves.
It is found that there is positive correlation between the tempera-
ture profile and the corresponding varying parameter. These pa-
rameters include thermal radiation parameter (N), time constraint
(t), and radiation absorption parameter (Q1) especially the correla-
tion being very dominant when time is varied as we can see dis-
tinct increase in characteristic curve. Whereas when heat absorp-
tion parameter is concerned there is a negative effect of increase in
Q thus we get curves with increasing slope. As concentration is
also one of the prevalent factor in the study of nanofluids we have
also studied concentration profile with variation Schmidt (Sc)
number, non-dimensionless time (t) and chemical reaction pa-
rameter (k). As the Schmidt number (Sc) and chemical reaction
parameter (k) is increased, the concentration profile shifts towards
the origin which is evident from our study. Considering the con-
centration profile with variation in time the results where com-
pletely opposite of the previous scenario. It signifies that as the
nanoparticles are allowed to flow near the boundary layer over the
period of time, the concentration profile shifts away from origin as
a result of our study.
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e 4. Conclusions

The motive of our research is to study the effects of magneto-
hydrodynamic boundary layer when cobalt nanoparticles where
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passed onto a vertical plate through porous medium of ethylene
glycol. We have considered the parameters of absorption of heat
and radiation. Laplace Transform method is used to solve the par-
tial differential equations which governs the flow of cobalt nano-
particles near the boundary layer. The parameters under study in
this paper are parameter of magnetic field, porosity parameter ,
Grashof number ,chemical reaction parameter, Schmidt number,
parameter of volume fraction .We have arrived at following con-
clusion-

*As the heat absorption (Q) climbs, so do the nanofluid velocity
while there a dip down in temperature profile as heat absorption
increases. Thermal radiation parameter (N) goes up velocity in-
creases; and the same characteristic is followed for the tempera-
ture profile.

*As the plot of velocity profile with variation in magnetic parame-
ter (M) is plotted, we deduce that with a steady increase in M there
is reduction in velocity. Dimensionless time (t) has a positive cor-
relation with all the three dimensionless profiles considered in this
paper.

*Chemical reaction parameter (k) is considered for concentration
profile and graphs showed that there is inverse relationship be-
tween k and concentration profile. Schmidt number plays a signif-
icant role in determination of concentration profile of a nanoparti-
cle which shows there is decrement in concentration as the
Schmidt number increases.

*As there is gradual increase in porosity parameter of a nanofluid
the velocity profile is found to be increasing. These results find
wider applications in the field of transportation engineering and
cooling in commercials sectors.
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