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Abstract

This study investigates the fluid flow and transport in a vertical channel with an exponentially decaying suction
and mobile wall. The governing equations are derived based on the assumptions of incompressible flow with
buoyancy forces and viscous dissipation. A finite-difference scheme is formulated and implemented. The
numerical results are presented graphically. The results show that the increase in Brinkman number, Suction
Parameter and Prandtl number increase the temperature distribution, while the increase in Thermal Grashof
number, Mass Grashof number and Suction parameter increase the flow velocity.
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. Introduction:

Transport in Porous media flow has applications in geothermal extraction, agricultural water
distribution, dispersion in Aquifer. It is also important to curb or control both industrial and natural pollutions
like (oil spillage and water bodies), due to the natural actions of man and the survival of other living things in
the atmosphere. This has pulled much enthusiasm to the modeling and simulation of such flows.

A lot of research has been done on the effects of pollutant and thermal energy in porous media.
Ambhalhel et al. [1] studied boundary layer effects of heat and mass transfer in porous media. Amos et al. [2]
investigated the effect of heat and mass transfer on free convection boundary layer flow of a rotating MHD fluid
past a vertical porous plate with thermal radiation. The solutions to the governing equation are solved
analytically using the perturbation technique by neglecting viscous dissipation and pressure term. It was
observed that increase in magnetic field parameter and Schmidt number decrease the velocity of flow while the
increase in temperature increases the velocity of the flow system.

Attia et al. [3] studied the effect of porosity and magnetic field on heat transfer between two parallel
porous plates for couette flow under pressure gradient and hall current. Chein [4] investigated the effects of
turbulent shear stress and the rate of dissipation near a solid wall temperature using the Taylor series expansion.
Da Silva and Bejan [5] the maximization of heat transfer density using a new design concept for generating
multi-scale structures in natural convection was investigated. Nwaigwe [6] investigated the sequential implicit
numerical scheme for pollutant and heat transport in a plane-poisecuille flow with variable viscosity and
variable diffusion. Das etal [7] investigated the radiative effects on free convection MHD couette flow with
variable wall temperature in the presence of heat generation. The analytical solutions are solved using the
Laplace transform technique. Israel-Cookey et al. [8] Investigated significant effects of radiation and magnetic
field on MHD oscillatory couette flow of a viscous fluid in a porous medium with periodic wall temperature.
The increase in magnetic field, Grashof number and porosity parameter enhance the fluid velocity while the
increase in radiation parameter reduces the velocity of flow in the system. The governing equation did not
consider the concentration equation which means that the effect of diffusion was outside the scope of this study.

Levintal et al. [9] The problem of modeling flow and heat transfer in porous media adopting the two
mechanisms that can transfer gas at high rates across the earth-atmosphere interface in dry porous media was
investigated. Malviya and Dwivedi [10] investigated the effect of heat transfer in porous media and describing
how the governing equations are formed by the law of thermodynamics with constant wall temperature. The
pressure of the fluid flow is reduced by the increase in porous layer and decrease in mass transfer decreases the
velocity of the flow. Nield and Bejan [11] studied the effect of radiation in a porous media by concentrating on
the equation that viscous dissipation and neglecting the work done by the pressure. The result shows that
increase in temperature decreases the porosity of the system. Ogulu and Amos [12] studied the problem of
suction/injection on free convective flow of a non- Newtonian fluid past a vertical porous plate with viscous
dissipation.
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Reddy et al. [13] studied the effect of MHD boundary layer flow, heat and mass transfer analysis over
a rotating disk through a porous medium saturated by Cu-water and Ag-water nanofluid chemical reaction. In
[2, 13] the pressure term and viscous dissipation were not incorporated in the model for momentum and energy
equation. Tamayol et al. [14] Studied the similarity solution for boundary layer flow through a porous medium
over stretching wall temperature or heat flux in which the result indicates that the heat transfer is increased by
the Prandtl number and suction to the surface.

This paper investigates the effects of pollutant and heat transport in a porous media couette flow which
extends the work of Amos et al. [2] and Nwaigwe [6] by incorporating the pressure and viscous dissipation
terms on a well-developed model of momentum and temperature equations with appropriate initial conditions.
The results are solved using a finite difference scheme.

Il.  Mathematical Formulation
The problem under investigation involves a vertical channel with two parallel walls separated by a
distance rpapart. The channel is filled with a porous solid which is fully saturated with an incompressible
Newtonian fluid with temperature variations. Further, we assume the presence of some pollutant which is
continuously injected into the fluid. By assuming a time-dependent suction, viscous dissipation and Brinkman
flow, the mathematical equations governing the velocity u', temperature T and concentration C' are given as
Amos etal [2] and Nwaigwe et al. [15].
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Where t is the time variable, y' is the space variable (coordinate) along the width of the channel and xis the
space variable along the channel length.
The above problem is complimented with the conditions:
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where gamma is a non-dimensional parameter.
We introduce the Roseland approximation:

—4g 9T'*
QT = 3K az' 1 (7)
where ¢ is Stefan-Boltzmann constant, K~ is the mean absorption coefficient. Further assume that the
temperature difference within the flow are sufficiently small and therefore T'* can be expressed as a linear
function of temperature about the free stream T,, using Taylor’s series expansion in which the higher other
terms were neglected,

T"= AT,3T — 3T.%, (8)
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Substituting equation (8) into (9)
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Putting equation (9) into (2), we have

1T K 82T 1 160 T2 82T a2 1

U il vk g vl (o R (10

Non-Dimensional Variables and Parameters
Defmlng the foIIowmg non- dlmensmnal quantltles

t'w ¢ =¢, Cu T, —T, '
u__ t = Op P ¢ — 0 Sc=L, Gc gﬁc#( )| Gr:.gﬁTﬂ(3w 0), y=y_’
wo 2 Cw—=Co’ pD wip wop o
wip?K, T —T, 160 T.3 x oB} ap’
Ky =" g=T"opq=100 1o, X =Tl p - L (%)
p u? T, —To' 3K K h pewg hwgp“ \ 0x

DOI: 10.9790/5728-1506067483 www.iosrjournals.org 75 | Page



Numerical Investigation of Transport in a Couette Flow with Unsteady Suction

_ @ o Mo N __whe
O = Wk, oy N BT =k Sy Y =T (D

Substituting the non-dimensional variables on equation (1)- (6) and (10), we obtain the following dimensionless
equations for velocity, temperature and concentration.

o _ . ,—10006 9% _ o%u _ S
o e 3 —Grt9+Gc<l)+ay2 (M+Kp>u+N (12)
9 _ . p-1000699 _ 19%0 _ o —ap
ac Y€ dy  Sc dy? Soe (13)
% _ 1000690 _ 1 920 _ Br (du\?
o VE gy  Pr (1+Rd) a2 pr (ay) (14)
subject to,
u=0,06=0,and ¢ =0 at y=0.
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with initial conditions.
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where Gr, G¢, Ky, Sc, Prand Br are Thermal Grashof number, Mass Grashof number, the permeability of the
porous medium, the Schmidt number, the Prantl number and the Brinckman number respectively.

I11.  Numerical Formulation
The numerical scheme for the non-dimensionalized problem above is presented
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Following Nwaigwe [6] and Nwaigwe etal [15], we propose the following scheme: an
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In the above formulation, y™ = e~1000¢

IV.  Results and Discussion
The governing equation (12)-(14) given by the boundary conditions in equation (15), subject to the
initial conditions in equation (16) are solved using the numerical scheme in (17)-(21). Figures 1, 2 and 3 show
the time evolution of velocity, concentration and temperature respectively. The increase in time enhances the
velocity of flow fields, pollutant concentration and the temperature of the plate. Hence, has a smooth
convergence in the flow.
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Figure 1: Time Evolution of Velocity Distribution.
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Figure 2: Time Evolution of Concentration Distribution
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Figure 3: Time Evolution of Temperature Distribution.
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Figure 4: Effect of Viscosity Parameter a on the pollutant Concentration

Figure 4 indicate the influence of viscosity variation on the pollutant concentration which is affected by the type
of concentration causing resistance to the flow but has a slight increase in the fluid velocity. The viscosity
increases exponentially and reduces the temperature of the moving plate.
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Figure 5: Effect of Brinkman number B, on the Fluid Temperature.

It can be seen that the fluid temperature in figure 5 increases with increasing value of Brinkman number due to

the heat generated by viscous dissipation. The temperature increase causes an increase in buoyancy force on the
moving fluid.
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Figure (6a) show the effect of suction parameter on velocity profile. It’s observed that the velocity
increases with the increase in suction parametere. The increase in suction parameter value leads to slight
increase on the concentration profile as shown in figure (6b) and the increase in Schmidt number causes
decrease in suction parameter. While figure (6¢) display the impact of suction parameter € on the temperature
profile, showing that the temperature of the plate increases with increasing suction ¢ in the flow. It’s seen that

the increase in suction enhances the velocity, concentration and temperature profiles respectively and hence,
cause a drop on the flow.
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(c) Temperature Profile.
Figure 6: Effect of Suction Parameter gon the Flow Fields.
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(@) Effect of G, on the velocity.
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(b) Effect of G, on the Velocity.
Figure 7: Effect of G,.and G_.on the Velocity.

The velocity increases with the increase in Thermal Grashof number at t=1 in Figure (7a) and the
increase in Mass Grashof number leads to increase in velocity of flow as shown in Figure (7b), the Thermal
Grashof number and the Mass number do not appear on temperature and concentration fields, hence have no
effect on the fields. The increase in viscous force decreases the Grashof number and decrease with the
decreasing of buoyant force.
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(@) Effect of Pr on the Temperature Field.

Figure (8a) show that the temperature increases with the increasing value of Prandtl number on
temperature fields due to the viscosity and thermal conductivity on the plates of moving couette flow. In Figure
(8b), it can be seen that the increasing value of the Thermal radiation parameter lead to a slight increase in the
temperature with the influence of specific heat capacity.
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Figure 9: Effect of Schmidt Number Scon the Pollutant Concentration.
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Figure 9 show that the pollutant concentration increases with the increasing value of Schmidt number due the
impact of diffusion coefficient and the increase in density reduces the concentration.

250
— P =0.710000 ]

TAYY o
s P, = 20000000 e
ozl P, = 3.000000 —
| ——- B =7.100000 J;_f.‘fff'-“‘
Pk i
1 {eﬁfﬁ*
£
g 2.30 M"‘ﬁ
E FrL] dﬁf:;ﬁi;-:;n
B o
§ 2HFRE
h

2.15

2.1

s 090 DAy 0.98 T 100

¥

(@ Effect of Prandtl Number on the Skin Friction.

The Skin Friction in Figure (10a) increases with the increase in Prandtl number and have a slight drop
in the flow. This is due to the frictional force exerted on the velocity field. Figure (10b) is indicating the
influence of Skin Friction on different variation number of thermal radiation. It can be seen that the increase in
thermal radiation enhances the Skin Friction and decreases with the increasing value of Brinkman number in the
moving fluid as shown in figure (10c).
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(b) Effect of Radiation on the Skin Friction.
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(c)Effect of Brinkman Number on the Skin Friction.

V.  Conclusion

The significant findings of this study are as follows;

1. The increase in time evolution increase the Velocity field, pollutant Concentration and Temperature field of
the flow.

2. The increase in Brinkman number, Suction Parameter and Prandtl number increase the Temperature
distribution of the flow field.

3. The increase in Thermal Grashof number, Mass Grashof number and Suction parameter increase the
velocity of the flow system.

4. The increase in Radiation parameter increases the Skin Friction while the increase in Brinkman number
reduces the Skin Friction.

Reference

[1]. Ammhalhel, G., & Furmanski, P. (1997). Problems of Modeling Flow and Heat in Porous Media. Journal of power Technologies,
85, 55-88.

[2]. Amos, E., Amadi, C.P., Nwaigwe, C. (2019). Free Convection Boundary Layer Flow of a Rotating MHD Fluid Past a Vertical
Porous Plate with Thermal Radiation. International Journal of Applied Science and Mathematical Theory, 2(5), 1-12.

[3]- Attia, H.A., Abbas, W., Abdeen, M.A, & Saod, A.A. (2015). Heat Transfer Between two Parallel Porous Plates for Couette Flow
under Pressure Gradient and Hall Current. Sadhana, 40(1), 183-197.

[4]. Chein, K.Y. (1982). Predictions of Channel and Boundary-Layer Flow with a Low-Reynolds-Number Turbulence Model. AIAA
Journal, 20(1), 33-38.

[5]. Da Silva, A.K., & Bejan, A. (2005). Constructal Multi- Scale Structure for Maximal Heat Transfer Density in Natural Convention.
International Journal of Heat and Fluid Flow, 26(1), 34-44.

[6]. Nwaigwe, C. (2020). Sequential Implicit Numerical Scheme for Pollutant and Heat Transport in a Plane-Poiseuille Flow. Journal of
applied and Computational Mechanics, 6(1), 13-25.

[7]. Das, S., Sarkar, B.C., & Jana, R.N. (2012). Radiation effects on Free Convection MHD Couette Flow Started Exponentially with
Variable Wall Temperature in the Presence of Heat Generation. Open Journal of Fluid Dynamics, 2(1), 14-27.

[8]. Israel-Cookey, C., Amos, E., & Nwaigwe, C. (2010). MHD Oscillatory Couette Flow of a Radiating Viscous Fluid in a Porous
Medium with Periodic Wall Temperature. American Journal of Scientific and Industrial Research, 1(2), 326-331.

[9]. Levintal, E. Dragila, M.I., Kamai, T., & Weisbrod, N. (2017). Free and Force Gas Convection in highly Permeable Dry Porous
Media. Agricultural and Forest Meteorology, 232(15), 469-478.

[10]. Malviya, C., & Dwivedi, A.K. (1970). Heat Transfer in Porous Media: A review | Control Pollution, 29(1).

[11]. Nield, D.A, & Bejan, A. (2006). Convection in Porous Media (vol.3). New York: Springer.

[12].  Ogulu, A., & Amos, E. (2005). Asymptotic Approximations for the Flow Field in a Free Convective Flow of a Non-Newtonian
Fluid Past a Vertical Porous Plate. International Community in Heat and Mass Transfer, 32(7), 974-982.

[13]. Reddy, P. S., Sreedevi, P., & Chamkha, A. J. (2017). MHD boundary layer flow, heat and mass transfer analysis over a rotating
disk through porous medium saturated by Cu-water and Ag-water nanofluid with chemical reaction. Powder technology, 307, 46-
55.

[14]. Tamayol, A., Hooman, K., &Bahrami, M. (2010). Thermal Analysis of Flow in a Porous Medium over a Permeable Stretching
Wall. Transport in Porous Media, 85(3), 661-676.

[15]. Nwaigwe, C., Weli, A, & Makinde, O. D. (2019). Computational Analysis of Porous Channel Flow with Cross-
Diffusion. American Journal of Computational and Applied Mathematics, 9(5), 119-132.

DOI: 10.9790/5728-1506067483 www.iosrjournals.org 83 | Page



