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ABSTRACT: In this paper, unsteady two phase simulation of nanofluid flow and heat transfer between moving parallel plates, in 
presence of the magnetic field is studied. The significant effects of thermophoresis and Brownian motion have been contained in the 
model of nanofluid flow. The three governing equations are solved simultaneously via Galerkin method. Comparison with other works 
indicates that this method is very applicable to solve these problems. The semi analytical analysis is accomplished for different 
governing parameters in the equations e.g. the squeeze number, Eckert number and Hartmann number. The results showed that skin 
friction coefficient value increases with increasing Hartmann number and squeeze number in a constant Reynolds number. Also, it is 
shown that the Nusselt number is an incrementing function of Hartmann number while Eckert number is a reducing function of squeeze 
number .This type of results can help the engineers to make better and researchers to investigate faster and easier. 
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INTRODUCTION 
    One of most important engineering problems, peculiarly 
heat transfer equations are nonlinear problems, so some 
them are solved using numerical methods and some are 
solved using different analytical methods. One of the 
known analytical simulation methods is the galerkin 
method, which is based on guessing the base functions with 
polynomial equations.  
    Sheikholeslami et al.[1] Investigated rotating magnetic -
hydrodynamic (MHD) viscous flow and heat transfer 
between stretching and porous surfaces. The three 
dimensional analysis of steady deposition of fluid on an 
inclined rotating disk is also investigated by Sheikholeslami 
et al. [2] . 
    They showed that by increasing normalized thickness, 
Nusselt number increase however this trend is more 
significant in bigger Prandtl numbers . In new years several 
researchers used different methods to solve these sort of 
problems [3–5]. Studying heat transfer enhancement in 
various energy systems is essential due to the increment in 
energy prices. 
    In the last decade, nanofluids technology was 
propounded and examined by various researchers 
numerically or experimentally to control heat transfer in 
different applications. The nanofluid can be employed in 
different engineering applications, such as chemical 
processes, cooling of electronic equipment and heat 
exchangers. Most of the researchers supposed that 
nanofluids treat as standard pure fluids . Khanafer et al. [6] 
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numerically investigated the heat transfer increment due to 
adding nano-particles in a variously heated enclosure. Abu-
Nada et al. [7] studied free convection heat transfer 
increment in a horizontal concentric annuli. They showed 
that for some Rayleigh numbers, nanoparticles with higher 
thermal conductivities lead more increment in heat transfer. 
Rashidi et al. [8] performed the second law of 
thermodynamics analysis on an electrically conducting 
incompressible nanofluid flowing over a porous rotating 
disk. Heat transfer and nanofluid flow specifications 
between two parallel plates in a rotating system were 
studied by Sheikholeslami et al. [9]. They demonstrated 
that Nusselt number increases with increment of 
nanoparticle Reynolds number and volume fraction and 
decreases with increasing magnetic, rotation parameters and 
Eckert number. Sheikholeslami et al. [10] investigated the 
MHD free convection in an eccentric semi annulus filled 
with nanofluid. They founded that the Nusselt number 
reduces with an increment in the position of internal 
cylinder at higher Rayleigh numbers. Recently, several 
researchers studied about heat transfer and nanofluid flow 
[11–14]. Whole of the above investigations supposed that 
there are not whatsoever slip velocities between 
nanoparticles and fluid molecules and supposed that the 
concentration of nanoparticles is uniform. It is believed that 
in natural convection of nanofluids, the nanoparticles could 
not attend fluid molecules due to some slip mechanisms 
such as thermophoresis and Brownian motion, so the 
volume fraction of nanofluids may not be uniform and 
different concentration of nanoparticles will exist in a mixt- 
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    Here u and ν are the velocities in the x and y directions 
respectively, T is the temperature, C is the Concentration, 
Pis the pressure, ρf is the base fluid’s density, μ is the 
dynamic viscosity, k is the thermal conductivity, Cp is the 
specific heat of nanofluid, DB is the diffusion coefficient of 
the diffusing species. The relevant boundary conditions are: 
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    The reduced governing equations will be obtained by 
introducing new dimensionless parameters: 
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    Substituting the above parameters into equations 2 and 3 
and then eliminating the pressure gradient from the 
resulting equations will give: 
 

(8)  23 0ivf S f f f f ff Ha f             

 
    Also substituting equation 7 into equations 4 and 5 will 
lead to the following differential equations: 
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With these boundary conditions: 
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    Where S is the squeeze number, Pr is the Prandtl number, 
Ec is the Eckert number, Sc is the Schmidt number, Ha is 
Hartman number of nanofluid, Nb is the Brownian motion 
parameter and Nt is the thermophoretic parameter, defined 
as: 
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Nusselt number is defined as: 
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    In terms of dimensionless parameters of equation 7, it 
will change to: 
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The Galerkin method 
    The method is used as a weighted residual method. It is 
an approximation technique for solving differential 
equations .The method is perfectly universal; it can be 
applied to elliptic, hyperbolic and parabolic equations, 
nonlinear problems, as well as complicated boundary 
conditions. 
 
Principles of the method 
    In this method an approximate trial solution ෨ܶ(ݐ) 
containing a finite number of undetermined coefficients 
C1,C2,…,Cn can be constructed by the superposition of 
some basic functions such as polynomial functions written 
bellow  
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    The method requires that the weighted averages of the 
residual Re (C1,C2, …,Cn,t) should vanish over the interval 
considered. The residual vanishes only with the exact 
solution for the problem. When (C1,C2, …,Cn) are known, 
the trial solution ෨ܶ(ݐ) given by equation 15 becomes a 
approximate solution for the problem .The weighting 
functions wi(t) are taken as the same basis functions used 
to construct the trial solution	 ෨ܶ(ݐ). In this method weight 
functions can be interpreted as: 
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