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Abstract: In this paper we have investigated the steady plane Couette flow of viscous incompressible fluid between two
porous parallel plates in magnetic field. We have studied the velocity, average velocity, shearing stress, skin frictions, the
volumetric flow, drag coefficients and stream lines.
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NOMENCLATURE

u = velocity component along x — axis K= the thermal conductivity of the fluid
v = velocity component along 'y — axis 1 = Coefficient of viscosity

t=thetime _ v = Kinematic viscosity

p = the density of fluid Q = the volumetric flow

P = the fluid pressure

INTRODUCTION

We have investigated the steady plane Couette flow of viscous incompressible fluid between two porous
parallel plates in magnetic field. Attempts have been made by several researchers i.e. M.G. Blyth & A.J. Mestel [1]
Steady flow in a dividing Pipel. S. Bose & D. Dutta [2] Reflection of power in a pre-stressed dissipative layered crust. O.
Botella & R.B. Peyret [3] Benchmark spectral results on the lid-driven cavity flow. S. Bottin, O. Dauchot & F. Daviaud
[4] Intermittency in a locally forced plane Couette flow. S. Bottin, O. Dauchot, F. Daviau, & P. Manneville [5]
Experimental evidence of streamwise vortices as finite amplitude solutions in transitional plane Couette flow. S. Bottin,
F. Daviaud, P. Manneville & O. Dauchot [6] Discontinuous transition to spatiotemporal intermittency in plane Couette
flow. S. Bottin, F. Daviaud, P. Manneville & O. Dauchot [7] Discontinuous transition to spatiotemporal intermittency in
plane Couette flow. M.Bourich & M. Hasnaoui and A. Amahmid [8] Double-diffusive natural convection in a porous
enclosure partially heated from below and differentially salted. S. N.Brown [9] Singularities associated with separating
boundary layers. C. H. Bruneau, C. Jouron [10] an efficient scheme for solving steady incompressible Navier-stokes
equations. N.M. Bujurke, N.P. Pai & P.K. Achar [11] Computer extended series solution to viscous flow between
rotating discs. A. V. Bunyakin, S. I. Chernyshenko & G.Y. Stepanov [12] in viscid Batchelor-model flow past an airfoil
with a vortex trapped in a cavity. J.M. Burgers [13] application of a model system to illustrate some points of the
statistical theory of free turbulence. In this paper we have investigated the velocity, average velocity, shearing stress, skin
frictions, the volumetric flow, drag coefficients and stream lines.

FORMULATION OF PROBLEM

Let us consider two infinite porous plates AB & CD separated by a distance 2h. The fluid enters in y -
direction. The velocity component along x — axis is a function of y only. The motion of incompressible fluid is in two
dimension and is steady then

0
u=u(y), w=0& —=0
(¥) p

The equation of continuity for incompressible fluid

Available Online: http://saspjournals.com/sjpms 1



http://saspjournals.com/sjpms
mailto:sharma.as09@gmail.com

Sharma AS.; Sch. J. Phys. Math. Stat., 2015; Vol-2; Issue-1 (Dec-Feb); pp-1-12

M N, W0 and putw=0, -0 & = Yo
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v is independent of y but motion along y —axis . So we can say V is constant velocity i.e. V = V,

The fluid enters the flow region through one plate at the same constant velocity Vv,
Also Navier - Stoke's equations for incompressible fluid in the absence of body force when flow is steady

Y
Attt try=hg
d_u:_lﬁ_pjL d?u GBZUU M
2h | % oy pox Ty u
Z/O —l%as:o ........... (2)
CF T 11 T y=hP g
Figure-1

SOLUTION OF THE PROBLEM
Equation (2) Shows that the pressure does not depend on y hence p is a function of x only and so (1) reduces to

dp d u du oBlou dp
—= —Vy—+ Where — =Constant=-P
dx dy dy Y7, dx
2
d u_ v, du aBu _P [Dz Y%, 9B ju:_E
dy v dy u H
40‘B2

i+
, +
A.E[ 0m GBjo:m_”

0'82
21)

Vo
C.F.:ez"y[chosh Ay +c,Sinh Ay] , Pl =- P2
oB;
2 2 2 Vo
let A= (V—Oj o8 and B = 9B, = u(y)=e20y[chosh Ay +c,Sinh Ay] - —
2v 7 7 Bu
Using boundary conditions: u=0aty=—-—hand u=U at y=h
Vo, P
e 20 [c,Cosh Ah—c,Sinh Ah]-—=0 ....... 3)
Bu
Yop b
U =e?v [c,Cosh Ah+c,Sinh Ah]—B— ....... (4)
7,

P el c,Cosh Ah—c,Sinh Ah and | U TN e i ¢,Cosh Ah+c,Sinh Ah
Bu Bu
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Plane Couette flow: In thiscase P=0
1 2 (y-h),,
u(y) = ———| Ue? SinhA(Y + ) | e
) Sinthh{ by )}

The shearing stress at any point

Vo _h Vo -h
oy = u 2 = L["_ﬂe%(y SinhA(y + h) + Ae2o” " coshA(y + h)}

~#4y ~ sinh2Ah| 20
Vo
Yo (y_h)
1Je?v Vo o
=" | 2SinhA(y + h) + ACoshA(y + h) | .....oov....
7Y = TSinn2ah | 20 (y+h) (y+h)

The skin frictions at Lower and Upper plate is given by

(o). = ”U—e{v— Sinh2Ah + ACoshZAh} — uU [V—O + ACochAh} .........
y=h - Sinh2Ah| 2v 2v

% Y
ule v HUAe Y

= A:
(“xy)y=—h Sinh2Ah Sinh2Ah

The average velocity distribution in plane couette flow:

10 1t U Ry-n

(), =— [u(y)dy = — [ ————e?»"" "SinhA(y + h) dy

2h Ih 2h+ Sinh2 Ah

U L 0(y-h) [ _ g AL U L Yogymeagen)  B(y-n-Agy+h)
= — e v dy = eZU _ eZU y

2h Sinh 2Ah 7, 2 4hSinh2Ah °,
h
U e;%(y‘“’”\(y*“) e;%‘y‘“)"*(““’ U g28h _ e—”fh T e—%"h

4hSinh2Ah Vio_’_A VA_A 4hSinh2Ah V—°+A V—O—A
20 20 " 20 20
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The volumetric flow: Q = 2hu,,
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The drag coefficients: C, & C, aty = h & y = —h
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o dx dy dz - A A
The stream line in the plane couette flow: — =—=— |, q=UI+V ]+ WKk
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Taking first two equations
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The first stream line of the plane couette flow:

o
5,-(y=h)
v, 2v V,
UOSinh 2Ah . x-S {2—0 Sinh A(y + h) — A Cosh A(y + h)} =Cy e (14)
v
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Table for velocity:

when y & A are vary and other are fixed

2
_oB,

2

2
V V
let U=6, u=.5 -2=6,h=5 & [ =2 = A where —2 =
2 2V Y7,
Table-1 (for velocity)

A y 0 0.1 0.2 0.3 0.4 0.5 0.6
1 uy) 132 .295 .64 1.367 2.88 6 12.42
2 uy) .092 227 52 1.184 2.67 6 13.44
3 u(y) .063 16 398 .99 2.43 6 14.77
4 uy) .04 A1 .298 811 2.21 6 16.31
5 uy) .024 .073 221 .665 1.997 6 18.025

Werlaoacity pprofile

Figure-2

Table for skin friction: when y & A are vary and other are fixed

2

2
let U=6, u=5 —2-6h=5 & [V—j 9B _ A where 280 _
2 2 Y7,
Table-2 (for skin friction)
A y 0 0.1 0.2 0.3 0.4 0.5 0.6
1 o 541 1.159 2.45 5.125 10.64 21.94 45.04
2 o, 417 .95 2.15 4.835 10.84 24.22 54.08
3 o, .295 733 1.81 4.46 10.99 27.04 66.54
4 o .20 .549 1.49 4.06 11.04 30.01 81.57
5 o 135 405 1.22 3.66 10.98 33 99.14
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Figure-3
1 oB} . . : :
Case-1 let —= it is clear from chapter four and five that the graphs between porous medium and magnetic
7]
field coincide.
1 oB? 1 . oB? .
Case-2 when — >—2 et —=35 ie A=land B=—2=20 ie A=4
7 K U
Table-3 (for velocity)
y 0 1 2 3 4 5 .6
%:35 e A=l u(y) 132 .295 .64 1.367 2.88 6 12.42
2 u .04 A1 .298 .811 2.21 6 16.31
8= _s0ie aca | "V
u
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Velocity profile
Figure-4
1 oB? 1 . oB? .
Case-3 when —>—2 et —=35 ie A=land B=—2=20 ie A=4
U K 7
Table -4 (for skin friction)
0 A1 2 .3 4 5 .6
. 541 1.159 2.45 5.125 10.64 21.94 45.04
L _35 iea=1 Oy
K
2 .20 .549 1.49 4.06 11.04 30.01 81.57
B=2B _20ie Aca| v
u
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oB? 1 . oB? .
Table for velocity: when — < —2= let —=11 ie A=5and B=—2=32 ie A=2
K u 7
Table-5 (for velocity)
y 0 A 2 3 A .5 .6
1 . u(y) .024 .073 221 .665 1.997 6 18.025
—=11 i.,e A=5
K
oB2 u(y) .092 227 .52 1.184 2.67 13.44
B= 0 —32ie A=2
7]
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Figure-6
oB? 1 . oB? .
Table for skin friction: when — < —2 let — =11 ie A=5and B=—2=32 ie A=2
7 K 7
Table-6 (for skin friction)
y 0 1 2 3 4 5 6
1 . o 135 405 1.22 3.66 10.98 33 99.14
—=11 i.,e A=5 Xy
K
BZ ) o 417 .95 2.15 4.835 10.84 24.22 54.08
B=220_32ie A=2| ¥
Y7,
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RESULT AND DISCUSSION

In this paper, we have investigated the velocity by the graphs of table-1 of equation (5) between velocity and
distance in magnetic field. The velocity increases in the interval 0 <y <.6 at each value of h lies between .3 to .7.
Again value of velocity decreases correspondingly at each value of y between 0 to .6 when h increases.

Again from the table-2 the value of skin friction increases in the interval 0 <y <.6at each value of A increases 1 to 5
in magnetic field. Again skin friction decreases correspondingly in the interval 0 < y <.3 and increases in the interval
4 <y <.6when A increases from 1 to 5.

1
It is clear from the table-3 the value of velocity in porous medium at E = 35 s greater than the corresponding value of

2
0

velocity in magnetic field at =20 in the interval 0 < y <.4, the velocity is six in both mediums at y =.5 and

U
the velocity in porous medium is greater than the velocity in magnetic field at y =.6

. o : 1 : :
It is clear from the table-5 the value of velocity in porous medium at E =11 is less than the corresponding value of

2
0

y7;
velocity in porous medium is less than the velocity in magnetic fieldaty =.6.

velocity in magnetic field at

=32 in the interval 0 < y <.4, the velocity is six in both mediums at y =.5 and
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1
Again from the table-4 the value of skin friction in porous medium at E =35 is greater than the corresponding value

2
0

Y7,

of skin friction in magnetic field at =20 in the interval 0 <y <.3and the value of skin friction in porous

2
0

Y7,

1
medium at K =35 is less than the corresponding values of skin friction in magnetic field at =20 in the interval

4<y<6.

1
Again from the table-6 the skin friction in porous medium at E=1l is less than the corresponding value of skin

2
0

7

friction in magnetic field at =32 in the interval 0 <y <.3 and value of skin friction in porous medium at

2
0

=11 is greater than the corresponding value of skin friction in magnetic field at =32 in the interval

1

K 7
4 <y<.6. Also we have investigated shearing stress, the volumetric flow, drag coefficients and stream lines by
the equations (7), (9), (11), (12), (13), (14) and (15) respectively.
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