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Abstract

In the present article,the fundamental flows of incompressible Carreau fluid with slip boundary condi-
tions have been considered.The flow geometry is assumed in cartesian co-ordinate system.The effects of
radiation parameter Joule heating are also considered the temperature distribution.The non dimensional
problem is solved by analytical method.It is observed from our investigation that,the velocity decreas-
ing with increasing of magnetic parameter,the tends is reserved in the case of applied constant pressure
gradient.The temperature is increasing function of brinkman number and radiation parameter.
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1 Introduction

A fluid is a substance which deforms continuously under the application of a shear stress.The fluid are
divided into two group as a Newtonian fluid and non-Newtonian fluid. Those fluids which follow the New-
ton law of viscosity are called Newtonian fluids.These fluids do not have a constant viscosity with chang-
ing shear stress.In these fluids the viscosity of fluids change with applied pressure.Examples of Newto-
nian fluids are Water,milk etc. Those fluids which do not follow Newton law of viscosity are called non-
Newtonian fluids.These fluids have a constant viscosity with changing shear stress.In these fluids the vis-
cosity of fluids change with applied pressure.Examples of non-Newtonian fluids are ketchup,toothpaste,
custard,blood etc.The non-Newtonian fluids are classified in various type due to the behaviour of the
fluid.Such as Carreau fluid,Couple stress fluid,Bingham fluid,Casson fluid etc. In our topic,we have con-
centrated the Carreau fluid model between parallel plates in various direction under the effects of heat
transfer and magnetic field.



2 Literature review

The study of non-Newtonian has increased a great attention of numerous researchers.It is due to wide
range of applications in science and engineering.According to the behaviour of fluids,many researchers
have given different constitute relationship between stress and rate of strain for various fluid model.Recently
the type of non-Newtonian fluid(named Carreau fluid)has received much attention to the researchers in
which viscosity depends the shear rate i.e. the viscosity of the fluid shows a dependence on the shear
rate.At low shear rate Carreau fluid acts as a Newtonian fluid and at high shear rate as a power law
fluid.Khellaf and Lauriat[1] have presented the discussion on the non-Newtonian Carreau fluid between
revolving concentric vertical cylinders.Ellahi et al.[2] have discussed the peristaltic flow of Carreau Fluid
in a rectangular tube through a porous medium.Hayat et al.[3] have studied the effect of magnetic field on
peristaltic transport of a Carreau fluid.Akbar et al.[4] have presented the numerical result on peristaltic
flow of a Carreau nano-fluid in an asymmetric channel.Riaz et al.[5] have studied the peristaltic transport
of a Carreau fluid in a compliant rectangular tube.Uddin et al.[6] have discussed the squeeze flow of a
Carreau fluid through sphere impact.Phan-thien et al.[7] have presented the squeeze flow of a viscoelastic
fluid.Khan et al.[8] have studied the heat transfer squeezed flow of Carreau fluid over a sensor surface
with variable thermal conductivity. Tshehla[9] have discussed the flow of a Carreau fluid down a disposed
with a free surface.

Recent days,the study of magnetohydrodynamic flows has received much interest due to its wide
number of applications in science and engneering.Sobamowo and Akinshilo[10] have presented the nu-
merical study on squeezing flow of nano-fluid between two parallel plates under the effect of magnetic
field.Kudenatti et al.[11] have studied the effects of presented on the study of surface roughness and mag-
netic field between rude and permeable rectangular plates.Rajeev and Srivastava[12] have discussed the
flow of an Unsteady couple stress fluid under the effects of magnetic field between parallel plates having
permeable medium.Rashidi et al.[13] have given a model on the magnetohydrodynamic squeezing flow
of nano-fluid between parallel plates in the existence of aligned magnetic field.Khuswaha and sahu[14]
have studied the effect of heat transfer in the slip move area between parallel plates.Duwairi et al.[15]
have discussed on the heat transfer effects of a viscous fluid squeezed and extruded between parallel
plates.Mahmood et al.[16] have presented on a squeezed flow and heat transfer over a permeable surface
for viscous fluid.Mohyud-Din et al.[17] have studied on heat and mass transfer result for the move of a
nano-fluid between rotating parallel plates.

Heat is the flow of energy from body at high temperature to body at low temperature.These bod-
ies could be both are solid form,a solid and a liquid or a gas.There are three different ways the heat
can transfer.1.Conduction (The transfer of heat between two solid bodies)2.Convection(The transfer of
heat between the solid surface and the liquids)3.Radiation (When two bodies are at different tempera-
tures and separated by distance, the heat transfer between them is called radiation).Examples are Green-
house effect,Heat transfer in Human body, Thermal energy storage,Laser cooling.Schenk and Beckers[18]
have presented the heat transfer in laminar move between parallel plates.Hsia and Love[19] presented a
radiative heat transfer between parallel plates divided by a non- isothermal medium with anisotropic
strewing.Murty and Prakash[20] have discussed magnetohydrodynamic two fluid flow and heat transfer
between parallel plates in a revolving system.Welling and Wooldridge[21] have studied a free convec-
tion heat transfer coefficients from rectangular vertical fins.Viskanta and Grosh[22] have presented heat
transfer by concurrent conduction and radiation in an digesting medium.Oleslami and Ganji[23] have
discussed a nano-fluid and heat transfer between parallel plates examine Brownian movement using Dif-
ferential Transformation Method.Oleslami and Ganji[24] have studied heat transfer of Cu- water nano
fluid move between parallel plates.Alpher[25] have presented the heat transfer in magneto hydro ener-
getic move between parallel plates.Dropkin and Somerscales[26] have discussed the heat transfer by real



convection in liquids compact by two parallel plates which are disposed at different angles with respect
to the horizontal.Hollands et al.[27] have studied free convective heat transfer over disposed air sheets.

3 Formulation of the problem

Consider an incompressible Carreau fluid is placed between horizontal,infinite,parallel plates.The flow is
due to constant pressure gradient and the moving plates in various directions.With these assumptions the
governing equation for the flow of an incompressible Carreau fluid are

V.g = 0, (1)
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Here [] is the second invariant strain tensor,q is the velocity vector,p is the density,t is the time,S is
the extra stress tensor,J is the current vector due to ohm’s law,T is the temperature,C,, is the specific
heat at constant pressure,k* is the thermal conductivity,(), is the heat generation parameter.The steady
flow between parallel plates,we consider the velocity field ¢ = (u;(y), 0, 0).The velocity automatically
satisfied the continuity equation (1) and reduce the equation (2)is
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using the above dimensionless parameter,the non-dimensional problem for momentum and temperature

equations are
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with dimensionless conditions are
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Figure 1: Geometry of the problem

3.1 Plates moving in the opposite directions

In this case,we consider the flow due to a constant pressure gradient and the plates are moving in opposite
directions (see figure 1).The upper plate y = h is suddenly jerked with constant velocity u in the left side
while the lower plate y = —h is moving in the right side of the geometry.Using the equations (8) and (9)
corresponding non-dimensional problem can be written as
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the solutions of equations (12) and (13) with the help of conditions (14) and (15),we get
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3.2 Upper plate is moving with constant velocity

In this case,we consider the flow due to a constant pressure gradient and the plates are moving (see figure

1).The upper plate y = h is suddenly jerked with constant velocity u while the lower plate y = —h is
at rest in the geometry.Using the equations (8) and (9) corresponding non-dimensional problem can be
written as )
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the solutions of equation (18) and (19) with the help of conditions (20) and (21),we get
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3.3 Both plates are moving

In this case,we consider the flow due to a constant pressure gradient and both the plates are moving
(see figure 1).The upper plate y = h is suddenly jerked with constant velocity u while the lower plate

y = —h is moving with constant velocity u of the geometry.Using the equations (8) and (9) corresponding
non-dimensional problem can be written as
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With dimensionless boundary conditions
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the solutions of equations (24)and (25) with the help of conditions (26) and (27),we get
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where A117 Alg...A57, 3117 B12...B57, 01, Cg...Clg, D117 Dlg...D57 are constants.



4 Velocity graph
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Figure 2: Velocity graph for various value of Hartmann number(zt)

Figure 2 is prepared to see the behaviour of Hartmann numbery on the velocity in different flow situa-
tion.It is noted from this graph that the velocity of fluid decrease with increase the value of Hartmann
number. It is due to the fact that Hartmann number depends on the Lorentz force and Lorentz force is
an agent which resists the flow.Increse of the Hartmann number tends t6hat the Lorentz force increase
which leads to a decrease in velocity of fluid.
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Figure 3: Velocity graph for various value of slip parameter(3)

The behaviour of slip parameter on the velocity in different flow situation is plotted in Figure 3.In
graph (a)and (b) to see the velocity of upper plate is increases with increases of the slip parameter while
lower plate is decreases with increases of the slip parameter.In graph (c) to observed the velocity of fluid
increase with increase of the slip parameter.It is due to the fact that increase of heat generation causes
reduction of the fluid viscosity which will increase the fluid velocity.

10



(@ (b)

©

Figure 4: Velocity graph for various value of pressure gradient(G)

The influence of pressure gradient (G) on the velocity of hydromagnetic Carreau fluid in different
flow situation is framed in Figure 4.1t is noted from this graph that the velocity of fluid increases with
increases of pressure gradient.Since as more pressure increases to the fluid, more fluid take place with
the high velocity in the plate.
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Figure 5: Velocity graph for various value of Carreau fluid parameter(n)

o +~n=01
0l +~n=0.2
3 ~n=03
04r .

0.2
(-)1 -075 (I) 075 1

y
()

The effect of Carreau fluid parameter (n) on the velocity of fluid in different flow condition is con-
structed in Figure 5.1t is observed from this graph that the velocity of fluid increases with increases of

Carreau fluid parameter (n).
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S Temperature graph
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Figure 6: Temperature graph for various value of hartmann number(s)

Figure 6 is prepared to see the behaviour of Hartmann number (1) on the temperature in different flow sit-
uation.It is noted from this graph that,the temperature of fluid decreases with increases value of Hartmann
number (u).It is due to the fact that,the transverse magnetic field gives rise to a resistive force known as
the Lorentz force of an electrically conducting fluid.This force makes the fluid experience a resistance by
increasing the friction between its layers and thus decreases its temperature.
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Figure 7: Temperature graph for various value of brinkman number(Br)

The behaviour of Brinkman number(Br) on the temperature of fluid in different flow situation is
plotted in Figure 7.In this graph to observed the temperature of fluid increases with increases of Brinkman
number(Br).
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Figure 8: Temperature graph for various value of heat generation parameter(Bs )

The influence of heat generation parameter (5,) on the temperature of hydromagnetic Carreau fluid
in different flow situation is framed in Figure 8.1t is noted from this graph that the temperature of fluid
decreases with increases of heat generation parameter (B5,).
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Figure 9: Temperature graph for various value of radiation parameter(N)
The effect of radiation parameter(N) on the temperature of fluid in different flow condition is con-

structed in Figure 9.1t is observed from this graph that the temperature of fluid increases with increases
of radiation parameter(N).

6 Future Work

We have discussed,in the synopsis,the Carreau fluid between parallel plates,the flow is arrived in the
presence of constant pressure gradient and the plates moving in some directions.We are constructing this
material in a paper format,if possible,we will communicate this article in next term.

References

[1] K. Khellaf and G. Lauriat, Numerical study of heat transfer in a non-Newtonian Carreau fluid
between rotating concentric vertical cylinders, Non-Newtonian Fluid Mech.,1999,(89),45-61.

16



[2] R. Ellahi, A.Riaz , S. Nadeem and M. Ali, Peristaltic flow of Carreau Fluid in a rectangular duct
through a porous medium, Mathematical Problems in Engineering,2012,Article ID 329639 .

[3] T. Hayat, N. Saleem and N. Ali, Effect of induced magnetic field on peristaltic transport of a Car-
reau fluid, Communications in Nonlinear Science and Numerical Simulation,2009,(15),2407-2423.

[4] N.S. Akbar, S. Nadeem and Z. H. Khan, Numerical simulation of peristaltic flow of a Carreau nano
fluid in an asymmetric channel, Alexandria Engineering Journal,2013,(53),191-197 .

[5] A.Riaz, R. Ellahi and S. Nadeem, Peristaltic transport of a Carreau fluid in a compliant rectangular
duct, Alexandria Engineering Journal,2014,(53),475-484.

[6] J. Uddin, J. O. Marston and S. T. Thoroddsen, Squeeze flow of a Carreau fluid during sphere impact,
Physics of Fluids,2012,(24).

[7] N. Phan-thien, F. Sugeng and R. I. Tanner, The squeeze film flow of a viscoelastic fluid, Journal of
Non-Newtonian Fluid Mechanics,1987,(24),97-119.

[8] M. Khan, M. Y. Malik and T. S. Khan, Heat transfer squeezed flow of Carreau fluid over a sensor
surface with variable thermal conductivity: A numerical study, Results in Physics,2016,(6),940-
945.

[9] M. S. Tshehla, The flow of a Carreau fluid down an incline with a free surface, International Journal
of the Physical Sciences,2011,(6),3896-3910.

[10] M. G. Sobamowo and A. T. Akinshilo, On the analysis of squeezing flow of nanofluid between two
parallel plates under the influence of magnetic field, Alexandria Engineering Journal,2017,(4.

[11] R. B. Kudenatti, S. M. Patil, P. A. Dinesh and C. V. Vinay, Numerical study of surface roughness
and magnetic field between rough and porous rectangular plates, Mathematical Problems in Engi-
neering,2013,Article ID 915781,8 pages.

[12] R. Khare and M. Srivastava, Flow of an Unsteady couple stress fluid in a magnetic field between
parallel plates having porous medium, International Journal of Engineering Science and Comput-

ing,(7).

[13] M. M. Rashidi, M. J. Babu, N. Sandeep and M. E. Ali, MHD squeezing flow of nano fluid between
parallel plates in the presence of aligned magnetic field, Journal of Computational and Theoretical
Nanoscience,2016,(13),8700-8708.

[14] H. M. Kushwaha and S. K. Sahu, Analysis of Heat Transfer in the Slip Flow Region Between Parallel
Plates, Fluid Mechanics and Fluid Power Contemporary Research,2016,1331-1339.

[15] H.M. Duwairi, B. Tashtoush, R.A. Domesh, On heat transfer effects of a viscous fluid squeezed and
extruded between parallel plates, Heat Mass Transfer,2004,(14),112-117.

[16] M. Mahmood, S. Assghar, M.A. Hossain, Squeezed flow and heat transfer over a porous surface
for viscous fluid, Heat Mass Transfer,44,165173.

[17] S.T. Mohyud-Din, Z.A. Zaidi, U. Khan, N. Ahmed, On heat and mass transfer analysis for the flow
of a nanofluid between rotating parallel plates, Aerospace Science Technology,2014,(46),514-522.

17



[18] J. Schenk and H. L. Beckers, Heat transfer in laminar flow between parallel plates, Journal of
Applied Scientific Research,1954,(4),405-413.

[19] H. M. Hsia and T. J. Love, Radiative heat transfer between parallel plates separated by
a non- isothermal medium with anisotropic scattering, The American Society of Mechanical
Engineering,1967,(89),197-203.

[20] P. S. R. Murty and G. Balaji, MHD two fluid flow and heat transfer between parallel plates in a
rotating system, International Scholarly Research Notices,2014,Article ID 256898,11pages.

[21] J. R. Welling and C. B. Wooldridge, Free convection heat transfer coefficients from rectangular
vertical fins, The American Society of Mechanical Engineering,1965,(87),439-444.

[22] R. Viskanta and R. J. Grosh, Heat transfer by simultaneous conduction and radiation in an absorb-
ing medium, The American Society of Mechanical Engineering,1962,(84),63-72.

[23] M. S. Oleslami and D. D. Ganji, Nano fluid and heat transfer between parallel plates

considering Brownian motion using DTM, Computer Methods in Applied Mechanics and
Engineering,2015,(283),651-663.

[24] M. S. Oleslami and D. D. Ganji, Heat transfer of Cu- water nano fluid flow between parallel plates,
Journal of Powder Technology,2013,(235),873-879.

[25] R. A. Alpher, Heat transfer in magneto hydrodynamic flow between parallel plates, International
Journal of Heat and Mass Transfer,1961,(3),108- 112.

[26] D. Dropkin and E. Somerscales, Heat transfer by natural convection in liquids confined by two
parallel plates which are inclined at various angles with respect to the horizontal, The American
Society of Mechanical Engineering,1965,(87),77- 82.

[27] K. G. T. Hollands, T. E. Unny, G. D. Raithby and L. Konicek, Free convective heat transfer across
inclined air layers, The American Society of Mechanical Engineering,1976,(98),189- 193.

18



