Journal of the Nigerian Association of Mathematical Physics
Volume 18 (May, 2011), pp 201 — 208
© J. of NAMP

Influence of viscous dissipation and radiation on ND
Couette flow in a porous Medium

'Orukari M. A., ®°Ngiangia A.T. and *Frimabo L. J. G.

1Department of Mathematics,
Niger Delta University Amassoma, Nigeria

23 aculty of Natural and Applied Sciences
Rivers state University of Education, Rumuolumeni, Port Harcourt.

Abstract

A study on the influence of viscous dissipation and radiation on
magnetohydrodynamic Couette flow in a porous medium was carried out. On the
basis of certain simplifying assumptions, the fluid equation of continuity, Navier-
Stokes and energy were reduced to mathematical terms, and closed-form analytical
solutions of the velocity distribution and energy were obtained on the basis of
approximations under the considered parameters. The overall analysis of the study
of these parameters in various degrees show an increase in the velocity profile of
the fluid, while radiation parameter decreases the temperature profile; viscous
dissipation and Reynolds number increase the temperature profile of the fluid.
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1.0 Introduction:

In the early nineteenth century, Maurice Couettelisd the flow of fluid with its motion brought alnoby the relative
movement of two parallel plates or surface or whare of the plates or surfaces is moving laterallits own plane. The
study was later named after him and defines aspavallel plates moving relative to each other wtialise a flow of fluid
in between them. The plate could be flat, paradtetwo concentric cylinders of varying radii, akbrerally referred to as
plane Couette flow. It is a steady laminar flowvegfcous incompressible fluid between two infinigrglel plates separated
by a distance (d). Bodosa and Borkakati [2] exandhitiee problem of MHD Couette flow with heat tramsifieetween two
horizontal plates in the presence of a uniformdvanse magnet field. Mebine [6], considering thieatfof radiative heat
transfer to an unsteady flow of a conducting opiicthin fluid between two parallel plates. On thasis of certain
simplifying assumptions, the governing hydrodynaraguation were deduced to mathematical terms aosed! form
analytical solutions of the velocity distributiondaenergy were obtained and the overall analysthettudy shows that the
flow variables are affected mainly by radiation aahvection parameters in addition to magneticolacthe manifestations
of these effects are demonstrated analytically qudntitatively although viscous dissipation paraneh the energy
equation is assumed negligible and permeabilitycnasidered. Oladele et al [9] also examined visahssipation effects on
the flow of a radiating gas between concentriggdicylinders with a view to assessing their glatmntribution to velocity
and temperature distributions in the flow field.eThumerical results obtained for the two cases shaivthe velocity and
the temperature of the fluid are increased as @tre$ increase in thermal internal energy of thédf caused by viscous
dissipation. This present study however, is anngiteto complement the earlier work of [8] by invgating the
simultaneous effects of viscous dissipation andmatig field to his problem of study. This attempérefore, widens the
applicability of problems of this nature.

Formalism

The basic hydrodynamic equations governing the iphyaf the problem following the argument of Isragb] and [6]
are

oiv =0 1)
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Where T,V, p,P, u,9,0,k ,H, ,0, ,a,9,are respectively temperature, fluid velocity, flaiensity, fluid pressure,

absolute viscosity, acceleration due to gravitpeknatic viscosity, permeability of the medium, metimfield, porous
medium density, thermal diffusivity and radiatiegrh and

62

fq; —3a%q, - 1600,
With the assumptions that:
the difference in temperature between the platdgtaat of the fluid is large enough for free corti@tto flow. In the spirit
of [3], (4) reduced to
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L is the planck’s functiona’k* is the absorption coefficientk” is the frequency of radiation and is the temperature. If

we put (4a) in (3) and under Boussinesq approxomatihich restrict the effect of variation of degsitith temperature
exclusively to the body force term. With these agstions, the flow equations that describe the pia}situation are given
by
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Where £ is coefficient of volume expansion
Pertubation
Denoting the disturbance in the velocity field, parature field, and pressure field by
V'=V -V,, P':P—F;\,T'=T—Te (8)

Where, the subscript e denotes equilibrium vallfege put (8) in (5) , (6) and (7) and retainingynnity terms, we obtain
the following lincarized equations
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Non- dimensional analysis
For dimensional homogeneity of the governing hyginaanic equations, we substitute the following esprens
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Having employed the Rayleigh’s technique, into ¢iqgua (9), (10), and (11), which results in
ov
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Where M is dimensionless magnetic field paramedReris prandtl number, Ec is Eckert number and Geriashof nhumber.
(13) and (14) are now subject to the boundary dmndi

6(0)=1 6(x)=0, V(0)=0, V(d)=U.

Assuming that, the fluid velocity at the wall oktplates is equal to the wall velocity (no-slip dibion).

Method of solution

The problem posed in (13) and (14) are highly m@dr equations and generally will involve a stepstsp numerical
integration of the explicit finite difference schenHowever, analytical solution is possible, if agsume small Reynolds
number (Re) Bestman [1], Gbadeyan & Idowu [4] agdabopting regular perturbation of the form in &raCookey et al
[5].

6(Z,t')=6,(Z)+Reg € B, VZ1I')=V, € )+ R/, L (15)

Substituting (15) into (13) and (14), neglectin®¢ and simplifying, we obtain the following sequemée@pproximations
after collecting terms of the same order:

Re'V"' @)+Grg, @)-KV,Z)-M*¥,Z)-K, =0 (16)

3?6, (Z) - a?6,(Z) +PrEcV, (Z)=0 (17)
Subject to: g,0)=1 g,(0)=0, V,(0=0, V, ¢ FU (18)
For 0(1) equations, and

iV (Z) =Re™ V' €)+Gré,2)-KV,Z)-M*V,Z) (19)

w6,(Z) = 6} (Z) - a*6,(Z) + 2PrECV} 2V, @) (20)
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Subject to: 6(0)=1 6, @)=0, V,(0=0, V,d FU (21)
For O(Re) equations.
10P | :
Where, kK = -——— is a constant pressure gradient.
P paz

To solve (16) - (17) and (19) — (20), we furtheswase that the Eckert number (Ec) is small, ancetheavance an
asymptotic expansion for the flow temperature agldaity as follows

Vo (Z) =V (Z) + EcV,(2) "90 (Z2) = 65,(Z) + EcV,,(2) ,Vl(Z) =Vy(2) + ECV12(Z),
6,(2) = 6,(Z) + EcV,(2) (22)

Substituting (22) into (16) — (17) and (19) - (20)d neglecting squares and products of perturbgtiantities, we obtain the
following sequence of approximations:

Re™Vy €)+Gréy, Z)- K*+M?*Vy,@)-K, =0 (23)
B°6:(Z) - a’0,(Z2)=0 (24)
REMVE @)+ Gry, @)~ (K* +M2 Ny, @)-K, = 0 25)
B°6:(2) - a’6,(Z) =0 (26)
Subject to: V,(0)=0, V,,d)=U, V,(0)=0, V,0)=U
and 6,(0)=1, 6,,)=0, 6,(0=1 b6 ) ( (27)
For 0(1) equations and
iaV;, (2) = REMN, @)+ Gro,@)- K+ M2 V,,@) (28)
w8, (Z) = f*0(Z) - a’6,(Z) (29)
My, (Z) = REMVIE @)+ Gr8,@)- (K* +M? N ,,@) (30)
ia)glz (2) = /Bzgitz(z) -a’ 12(2) (31)
Subject to: V,0)=0, V,d)=U, V,(0)=0, V,,0)=U
and 6.(0)=1 6,)=0, 6,,(0)=1 8,6 ) ( (32)

For O(Ec) equations.
Solving (26), we assume a solution of the form

6,,(2) = &7 (33)
Substituting (33) into (26) together with the agpiate boundary conditions of equation (27), we get

6,,(2) = e™* (34)
If we substitute (34) into (25) and simplify, wbtain

V,, (Z) = AV,,(Z) = -ReGre™? (35)
Solutions to (35) after the application of the aygpiate boundary condition of (27), gives

Vp,(Z) = AE™ +Ue™ — Aeh? (36)
Following the same procedure as in (26), the smhutif (31) is given by

6,(Z) =™ (37)
Substituting (37) into (30) and simplifying, result
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V5 (Z) = AVL(Z) - AV [Z) = -A g™ (38)
The complete solution of (38) is therefore,

V,,(Z) =(C,+U)e™ +Ue™* +Cg"™* (39)
Following the same steps taken in (26), the sahuib(30) can be written as

6,(Z) =e™* (40)
Substituting (40) into (28) and rearrangement tesal

V1(Z) - AV(Z) — AV, (Z) = —Agmzz 41)

Following the approach in determining the solutéi§38), the solution of (41) after imposing theuhdary conditions of
(32)is

V,,(Z) =(C, +U)e™ +Ue™ +Ce™*

(42)
Following the same method in determining the comepselution of (29), (34) can be written as
=n?
001(2) € (43)
We substitute (43) into (23) and after simplificaij we get
Va(Z2) — AV, (Z) - AV, (Z) = A, - Azemlz (42)

Following the method adopted in determining the plementary function of (35) and a similar methodatving for the
particular integral of the same equation, the smubf (44), is given by

Vou(2) = (U - Cs)emsz +(C, +U )e—msz -C, - Csemlz
Substituting (36) and (45) into (22a), gives
V,(Z) = (U -C,)e"* +(C,+U)e™* —C, - C£"* +Ec(A€™ +Ue ™" — Ae™?) (46)
Also substituting (34) and (43) into (22b) results,
0,(Z) =e™* + Ece™
Again, substituting (42) and (43) into (22c) result
V,(Z) = (C, +U)e™* +Ue™* +C ™ +Ec(C, +U)e™ +Ue™* +Ce™* (48)
Finally, putting (37) and (40) into (22d), we get
6,(2) = ™% + Ece™ (49)

Similarly, if we put (46) and (48) into (15a) and@(47) and (49) into (15b), we obtain the velpeind temperature profile
of the flow respectively as:

V(Z,t)=(U -C;)e™* +(C, +U)e ™™ -C, —-C,e™* + Ec(Ae™* +Ue ™ — Ae™?)+
Re[(C, +U)e™* +Ue™* +C,e™* + Ec(C, +U)e™* +Ue™* +C,e™* e

6(Z,t) = (1+ Ec)e™? + (Ree™ ReEce™ )&

For Couette flow, k= 0 which turns €= 0 and (50) reduces to

V(Z,t) =(U -C,)e™ +(U)e™* —C,e™ +Ec(Ae™ +Ue ™™ — Ae™?)+

Re[(C, +U)e™* +Ue™ +C,e™* +Ec(C, +U)e™ +Ue™* +Ce™"|e“

(45)

(47)

(50)

(51)

Results

We have formulated and solved the problem of tii@ence of viscous dissipation and radiation on neagdynamic
Couette flow in a porous medium based on fairlfisgéa assumptions and approximations. The solsti(gl and 52) of the
field variables, show that the parameters entetiveggproblem are Reynolds number (Re), free cornmegbarameter or
Grashof number (Gr), Prandtl number (Pr), viscoissigation parameter or Eckert number (Ec), dimeniess radiation
parameter ), dimensionless magnetic parameter (M), and diinetess permeability term {k Others are constant
dimensionless frequency of oscillatian)( constant thermal diffusivity], and dimensionless constant time (t). In otheér ge
physical insight and numerical validation of theolgem, a typical value of the Prandtl number cqroesling to an
astrophysical body (Air) at 28 is chosen as 0.71. Air is chosen because it ékiyelectrically conducting under assumed
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circumstances and the problem under study in peaticThe values of the other parameters madefusea = 2.0; t =2.08
=0.8; k = 2.5; U = 5; Re =10, 20, 30, 40, 50; Ec = 0.00500.10, 0.15, 0.20; 42, 4, 6, 8, 10; K= 0.4, 0.8, 1.2, 1.6, 2.0;
a’=2,4,6,8,10; Gr=2, 4,6, 8, 10.
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Discussions

In the analysis, we start with the temperatureifgrafue to its primary importance in astrophysiosinments. The
effect of increase in Reynolds number (Re) is showlrig 5.1. It is evident that an increase in Ragia number (Re), shows
an increase in the temperature distribution. FRyshows the effect of viscous dissipation parametdgckert number (Ec)
on temperature and the result shows that furtt@ease in Eckert number leads to a slight increasemperature and later
temperature stagnation. This observation is inexgent with the findings of Israel-Cookelyal [5], that a greater heating by
viscous dissipation caused a rise in temperatuge5B displays the variations on temperature fafith various values of
the radiation parametes {. It is evident that an increase in radiationgpaeter leads to a decrease in the temperature. This
result is consistent with the findings of Mebing fiat increase in radiation function, brings abawaecrease in temperature.
Figures 5.4 and 5.5 are graphs of (52). Fig 5.4vshihe effect of magnetic field on the velocity filgo It reveals that
increase in magnetic field parameter brings abalraatic decrease in velocity profile.

This result was shared by Mebine [6]. Analysis iglife 5.5 shows that an increase in viscous diteipgarameter
results in an increase in velocity profile owingato increase in thermal internal energy of thedfllim the absence of viscous
dissipation parameter or Eckert number and magfietit parameter, the results have already beeorteg by Ngjangia and
Wonu [7].

Conclusion

In this study, we have provided an approximatetgwiuo the governing hydrodynamic equations. Galherdifficulty
in closed-form solutions owing to non linearity aswmetimes difficult geometries is well known bugalistic assumptions
and approximations employed in analyzing the problevealed that, increase in magnetic field paramatd permeability
term results in an increase in the velocity profileile increase in viscous dissipation, and radmtresults in a decrease in
the velocity profile. Finally, a decrease in tengiare profile is observed when radiation paramieieneases but increase in
temperature profile is observed when Eckert nunatmel Reynolds number are respectively increasedll Ithe observed
result are in qualitative and quantitative agreemnweith results of earlier works of Ngiangia [8] aiMEbine [6] and also
sheds light on the applicability of problems ofthiature.

Appendix
The following constants have been used.

2 .
m:(ﬁ)z m. = a4 tw A+ JAZ +4AA A, - JAZ+4A
1 IB 1 2 ﬂz ’ m3_ 2 y m4 - 2 1
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_ ReGr ]
m =vJA, m =,b, A=Reb, A =ReGr-U, 2~ z_a A =Reiw

A4:Rekp,q:Ka+M2, C, = A-A sziic _ A,
M? - A A 7P M2z-A’
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