
Vijayalakshmi A.R / Elixir Computational Physics 128 (2019) 52927-52931 52927 

1. Introduction 

Nanofluids can be considered as the future of heat 

transfer fluids in various heat transfer applications. They are 

expected to give better thermal performance than 

conventional fluids due to the presence of suspended  

nanoparticles  which have high thermal conductivity. About 

1% by volume of copper nanoparticles or carbon nanotubes 

dispersed in ethylene glycol or oil increases the thermal 

conductivity by 40% (copper) and 150% (carbon nanotubes). 

Similar enhancements using ordinary particles would require 

more than 10% by volume. The nanofluids are also much 

more stable than suspensions of conventional particles. 

Choi and Eastman[1] for the first time used nanoparticles 

to intensify thermal conductivity of fluids and heat transfer 

rate. Suspensions of nanoparticles in a base fluid are known 

as nanofluids and are used to increase the heat transfer rate of 

microelectronics, microchips in computers, fuel cells, 

transportation, biomedicine, food processing, solid state 

lightening and manufacturing. Nadeem [4] studied the 

magnetohydrodynamic problem with convective boundary 

layer flow and heat transfer over a vertical plate. The 

magnetohydrodynamic boundary layer flow over a vertical 

stretching/shrinking sheet in a nanofluid was investigated               

by Makinde [2],[3]. Nadeem [4],[5] investigated 

magnetohydrodynamic flow of different types of nano fluids 

over a convective surface. 

The gravity- driven convective heat transfer is an 

important  phenomenon in the cooling mechanism of many 
engineering systems like the electronic industry, solar 

collectors and cooling systems for nuclear reactors because of 

its minimum cost, low noise, smaller size and reliability. To 

understand the behaviour of the performance of fluid motion 

in several applications It is essential to study Magneto 

hydrodynamic gravity-driven convection through an optically 

thick fluid past an infinite vertical plate. The problem of 

gravity-driven convection in a regular fluid past a vertical 

plate is a classical problem solved by Ostrach[6]. Seigel[7] 

was the first to study the transient free-convective flow past a 

semi-infinite vertical plate by integral method. Convective 

flows with radiation are also encountered in many industrial 

processes such as heating and cooling of chambers, energy 

processes, evaporation from large reservoirs, solar power 

technology. 

In this paper we study the magneto hydromagnetic 

gravity-driven convective boundary layer flow of nanofluids 

past an oscillating vertical plate in the presence of an uniform 

transverse magnetic field and thermal radiation. In the fluid 

considered water is base fluid with suspensions of nanosized 

copper (Cu) and silver (Ag) particles. The governing 

equations are solved analytically and presented in closed 

form.  

2. Flow Ananlysis 

The unsteady gravity-driven convective flow and heat 

transfer of optically thick nano fluid past an oscillating 

vertical plate in the presence of magnetic field  is considered. 

At time t = 0 the plate is at rest with the constant basic 

temperature 
0

T . At time t > 0, the plate begins to oscillate in 

its own plane according to sin
0

u t where 
0

u  is 

amplitude of the plate oscillations and the temperature of the 

plate is maintained at constant temperature Tw
. We use 

Rosseland approximation for radiative flux and it is assumed 

that the radiative heat flux is applied in the normal direction 

to the plate. In an optically thick fluid the radiation exchange 
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ABSTRACT 

The unsteady gravity-driven convective flow and heat transfer of optically thick 

nanofluid  past an oscillating, vertical plate is considered. The flow is confined to y > 0 

where y is the coordinate measure in the normal direction to the plate. The fluid is 

assumed to be electrically conducting with an uniform magnetic field applied in a 

direction perpendicular to the plate. The resulting equation is solved by making use of 

Laplace transform method. Velocity profile and temperature profile are drawn for 

different values of radiation parameter and magnetic parameter. 
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takes place only among neighbouring volume elements. In the 

fluid considered the base fluid is water and suspended 

nanoparticles are copper and silver and it is further assumed 

that the base fluid and the suspended nanoparticles are in 

thermal equilibrium and density is linearly dependent on 

temperature buoyancy forces. 

         Thermo-physical properties of the base fluid and 

different nano particles are given [8] 

 
Physical properties Water Cu Ag 

Cp(J/kg K) 4179 385 235 

ρ(kg/m3) 997.1 8893 10500 

K(W/mK) 0.613 401 429 

βx105(K-1) 21 1.67 1.89 

The basic equations in the presence of thermal radiation 

and magnetic field past an oscillating vertical plate are 
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Considering temperature differences to be sufficiently 

small within the flow using Taylor series and neglecting 

higher order terms, radiation heat flux qr
 becomes 
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Using equation (4) in equation (2)  
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The initial and boundary conditions are 
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Using non-dimensional variables 
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Equation (1) and equation (5) becomes 
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Magnetic parameter 
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thermal conductivity, 
*k is Rosseland mean absorption 

coefficient,   is amplitude of plate oscillation.  f is the fluid 

phase, nf is nano-fluid                     

The corresponding initial and boundary conditions are 

0 0 0 for 0

0 sin 1 for 0

0 0 0 for

t u y

t u t y

t u y
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Taking Laplace transform of equation (7) and equation (9) we 

get 
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Taking Laplace transform of equation (6) we get 
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Taking Inverse Laplace transform of equation (10) and 

equation (11) we get 

 

1
4,

2

y a
y t erfc

t


 
 

  
 
 

                                      (12) 

       , , , ,
1 2 6 32 2

i i
u y t f y t f y t c f y t     

     , , ,
56 4 6 6 6

c f y t c f y t c f y t                    (13) 

From equation (10) Nusselt number Nu can be written as 
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From equation (9) skin friction  can be written as 
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3. Results and Discussion 

 

 

 

 

Fig 1 represents the velocity profile for different values 

of Nr, radiation parameter and w, frequency of oscillation of 

the plate. The fluid velocity increases steeply near the surface 

of the plate. Fig.2 shows the effect of magnetic parameter M 

on the velocity. The amplitude of velocity as well as the 

boundary layer thickness decreases when M is increased. This 

is due to the fact that the effect of transverse magnetic field 

which results in Lorentz force is similar to the drag force. 

Fig.3 shows the effect of radiation parameter Nr on the 

temperature profiles. Temperature decreases with increase in 

radiation parameter as release of heat energy from the flow 

region is also increased and it results in decrease in fluid 

temperature. 
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