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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 through Porous Medium with Magnetic Field.
We have studied the velocity, average Velocity, Shear stress, Skin frictions, volumetric flow, Drag
Coefficients & Streamlines.
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NOMENCLATURE
u =Velocity component along t= The Time u = Coefficient of Viscosity
X—axis p =The Density of Fluid v = Kinematic Viscosity
v = Velocity component along p =The Fluid Pressure Q = The Volumetric Flow
y—axis k =The Thermal Conductivity

INTRODUCTION

We have investigated the Steady Plane Couette Flow of Viscous Incompressible Fluid between two
Porous Parallel Plates through Porous Medium with Magnetic Field. Attempts have been made by
several researchers i.e. O. R. Burggraf [1] investigated Analytical and Numerical Studies of the Structure
of Steady Separated Flows. O. R. Burggraf [2] investigated Computational Study of Supersonic Flow
over Backward—Facing Steps at High Reynolds Number. G. I. Busws [3] investigated the Construction of
Special Explicit Solution of the Boundary Layer Equations Steady Flows. K. Butler & B. F. Farell [4]
investigated Three—Dimensional Optimal Perturbations in Viscous Shear Flow. Canadam & T. Mulnke
[5] investigated Forced Vibrations of a Piezoelectric Layer of Six (mm) Crystal Class. V. C. Carey & J. C.
Mollendorf [6] investigated Variable Viscosity Effects in Several Natural Convection Flows. W.
Cazemier, R.W.C.P. Verstappen, & A. E. P. Veldman [7] investigated Proper Orthogonal Decomposition
and Low-Dimensional Models for the Driven Cavity Flows. T. Cebeci & P. Bradshaw [8] investigated
Momentum Transfer in Boundary Layers. T. Cebeci & K. C. Chang [9] investigated a General Method
for Calculating Momentum and Heat Transfer in Laminar and Turbulent Duct Flows. T. Cebeci, F.
Thiele, P. G. Williams & K. Stewartson [10] investigated on the Calculation of Symmetric Waves—I, Two—
Dimensional Flow. 1. Celik & Z. Wei—-Mung [11] investigated Calculation of Numerical Uncertainty
Using Richardson Extrapolating Application to Some Simple Turbulent Flow Calculations. Chamkha
and H. Al-Naser [12] investigated Hydro Magnetic Double-Diffusive Convection in a Rectangular
Enclosure with Uniform Side Heart and Mass Fluxes and Opposing Temperature and Concentration
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Gradients. O. P. Chandna & E. O. Oku-Ukpong [13] investigated Some Solutions of Second Grade Fluid
Flow Von Misses Co-ordinates Transformations. D. S. Chauhan & R. Agarwal [14] investigated MHD
through a Porous Medium Adjacent to a Stretching Sheet Numerical and an Approximation Solution. G.
Chavepeyer, J. K. Plat Ten, & M. B. Bada [15] investigated Laminar Thermal Convection in a Vertical
Slot. A. Gulhan, T. Thiele, F. Siebe, B. Kronen & T. Schleutker [16] investigated Aero Thermal
Measurements from the ExoMars Schiaparelli Capsule Entry. I. Hashem & M. H. Mohamed [17]
investigated Aerodynamic Performance Enhancements of H-Rotor Darrieus Wind Turbine. M. Jafari, A.
Razavi & M. Mirhosseini [18] investigated Affect of Airfoil Profile on Aerodynamic Performance and
Economic Assessment of H-Rotor Vertical Axis Wind Turbines. In this paper, we have investigated the

Velocity, average Velocity, Shear stress, Skin frictions, volumetric flow, Drag Coefficients & Streamlines.
FORMULATION OF THE 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 Ly
0
u=u(y),w=0 & —=0 RS t ot =
(y) pr 4 B

The equation of continuity for incompressible fluid 24 / »

(0]

z

oX 0y 012 oX oy | :

Figure-1
V is independent of y but motion is along y-axis. So we can say that V is constant velocity i.e. V = Vv or

the fluid enters in 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
2 2
Vod_u:_£@+udu+[£+0'50 juu ...... ) &_1?:0 ...... )

SOLUTION OF THE PROBLEM

Equation (2) shows that the pressure does not depend on y hence p is a function of x only & so
equation (1) reduces to

dp du du ou oBlou) du v,du (1 oB; P dp
—=plo——V,—+—+ =>— -2 —4| =4 uU=-— where —=-P
dx dy dy Kk y7, dy* o dy Y7, yol¥; dx
e R
AE. m?—Yomy 1+G—B°2 0= m== v K_H Vo 4 (V_sz_ 1+0_B§
v k u 2 2o \\2v kK u

2 2 2 2 2
Let (V—Oj - 1+UB° =A, £+JB° =B & (V—Oj > l+0BO
2v k u kK u 2v kK u

Yo Yo
.'.C.F.:ezuy[C1Cosh Ay+C,Sinh Ay | & P.I.=—iB:>u(y)=e2”y[ClCosh Ay +C,Sinh Ay]—iB
H H
Using boundary conditions u=0at y=-h & u=U at y=h
Vo Vo

- —h
e 2V [clcoshAh—czsinhAh]—ﬂ—PB:o ........ (B) & U=e?? [clcoshAmczsinhAh]—i ........ (4)

uB

N iBeZU“Zc:lc:osh AR—C,Sinh Ah & (u +iBje_2“h:C1Cosh Ah +C,Sinh Ah
" "
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_Yop Vo _Yop, Yop,
C1:; Us o2 P o2 g CZ:_; U+ o2 P o2
2Cosh Ah uB uB 2Sinh Ah uB uB

VO Vo

207 _Vop Vop 207 g _Voy, Vo,
u(y):w U+i e 2v +— P eZU +e_8ﬂ U+£ e 2v _ieZU _i

2Cosh Ah uB yB 2Sinh Ah uB uB uB

9 (y+h)

w) (U 20 USilhA(y+h) P 020 SinhA(y—h) P
y 4B ) 2Sinh Ah Cosh Ah ,uB 2Sinh Ah CoshAh uB
Vo (y_ Vo
u(y) = —= U + 2 162 Vsinhacy + hy = -2 Vsinnacy —hy [ 2 (5)
Sinh2 Ah uB uB uB
FOR PLANE COUETTE FLOW In this case put P =0 in equation (5)
V,
1 So(y=h) .
u(y) = ———=—Ue?? Sinh A(y +h) f--------- 6
(y) Sinh 2Ah (y+h) ( )

THE SHEAR STRESS AT ANY POINT

v
_ du uU | Vo eT?)(y_h

V
) . 22 (y=h)
Oxy = Hy g = Sinh 240 20 Sinh A(y + h) + Ae Cosh A(y + h)

(y— h)

_uue Y0 Sinh A(y + h) + ACosh A(y +h) |- ------ 7
% = "Sinh 2Ah {20 (y+h) (y=+h (7)
THE SKIN FRICTIONS AT LOWER AND UPPER PLATE
(03), _y = Smﬁ—%AhLo Sinh 2Ah + ACosh 2Ah} DO + ACoth 2Ah} ------- (8)
- 1% D
Ue B v |
poe v o pYAae T 9
(9% )y = ‘Sinh 2An Sinh 2Ah (9)
THE AVERAGE VELOCITY DISTRIBUTION IN PLANE COUETTE FLOW
V
_ 1/ U 28 (y-h) . U h oo (y=h) [@A(Y+h) _ g=Aly+h)
Wav =20 nsimn zan® " S AY R Y = e 2AR I n® { 2 dy

Vv Vv
(VOAJ{eZAheUOhJ £V+AJ{ ZAheUOhJ
U 20 20

(Yav = 2R STnh 2AR {[%TAZ}

20
v, }' (1 oB? 1 oB? v, ¥
since |20 | —| =+220 |=A, |=+220 |=B = |2 | —A2=B
20 kK u kK u 20
Vv V \Y v
(U)av = m{z—o{e 2ANh_ e_ 70h —e_ZAh + e_ UOh} — A{EZAh —e_joh + e_2Ah — eUOh}:l
1
v
U Yo oL
(u),, = SBH Snh 2AT 2USlnh 2Ah — A| Cosh 2Ah —e (10)
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THE VOLUMETRIC FLOW

V
U Vy . — Oh
Q:2h Uav :m 2—f)S|nh 2Ah_A[COSh 2Ah_e v ] """"" (11)
THE DRAG COEFFICIENTS
pU Vo g

- ) (axy)y:h i sh 2Ah[205mh 2Ah + ACosh 2Ahj
( f)y:h N 1 2 N v 2

2Pt 1 U* Yo Sinh 2Ah — ACosh 2Ah + Ae O

2P 4B?n2sinh? 2An| 20

8B2h2 Sinh 2Ah(Zf)Sinh 2Ah + A Cosh 2Ahj

(Cf )y:h _ e A (12)
U [Z;))Sinh 2Ah — A Cosh 2Ah + Ae‘vhJ
_Voy, .
(C’) _uUAe YV 8B2%h?Sinh? 2Ah
fly=—h ~ Sinh 2Ah v Vo, V
pUZ(ZgSinh 2Ah — ACosh 2Ah + Ae v J
8uBh2Ae 5" Sinh 2Ah
/ _ uB“h“Ae v Sinh 2A
(Cf)yz—h B y VP SRRTTRE (13)
pU {Zf)smh 2Ah— ACosh 2Ah+Ae. U J
THE STREAM LINE IN THE PLANE COUETTE FLOW
dx dy dz A ~ dx dy dz
— =—=— where g=ul +V]+wk = v =2 = ——
u v oW U 2%(y_h)s_ oA ) v 0
Sinh 2Ah° Inh A +h)
\Y
L _ V,Sinh 2Ah 52 (y-h) .
Taking first two equations OTIdX = _[ez’) Sinh A(y +h)dy+C
. \Y
V, Sinh 2Ah O(y—h) | @Aly+h) _ a—A(y+h)
v, 1| SR meAh) 0 (y-h)-AGy+h)
= { Sinh 2An x—ijez‘) —e?v dy = C,

V \Y
v 1| a2 AL S8 (- AGy+h)
— YSinh 2Ah X—5 - =C,

U v, Vy
S
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VO 3 v0 -
— Yo sinh 2Ah x - i{[v—o _ A};Zu(y M A(y+h) [V_O N AJGZU (v h)eA(y+h)] _¢,

U 2B|| 2v 20

20 (y-h)
= Yo ginh 2an x- &2 V—O{eA(y”‘) —e‘A(y+h)}—A{eA(y+h) +e‘A(y+h)} =C
U 2B 20 !

— Yo sinh 2ah x—

Vo
2200 ¢y
g2v 0 i

{USmh A(y +h) —2A Cosh A(y + h)} =C

U 2B
S2(y-h)
Vo o g 2V Vo o
:>US|nh 2Ah X — 5 2USlnhA(erh)—ACosh A(y+hyt=c - (14)
& Second stream line is given by z=c, - (15)
i ] kK | ik
o o a|_ Kl G
Now Cur s ox 0y 0z| O X oy 01z
u Vv W Vio —h)
o (y=h) .
Ue Sinh A(y + h) 0
Sinh 2Ah g
S0(y-h)
curlg=_Ye Vo_sinh A(y + h) + ACosh A(y+ h) |k = 0
Sinh 2Ah |2 v

— Motion of the"Fluid 1s Rotational.

Comparison between Porous medium, Magnetic Field & Porous medium with Magnetic
Field
Tables for velocity and skin friction

2 2
Let U=6, u=h="5, V—°:6&A=\/(V—°j —[%+GBOJ=2 all are fixed

2V 2v yr

Let l&G—Bgarevar = Vo 2—1 & Yo 2—J—Bgarealsovar
k 7, y 2v)  k 20 7, Y

1 oB? v, ¥ 1 v, ¥ oB2 v, ¥ (1 oB?
1):Let ==—0=1 0 2= 2 =020 - |22 |20 =2
Case(1): Let T GDJ(ZUJ ” \/(20] . 0 EZuj . .
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Table-1 (for velocity)

y 0 1 2 3 4 5 .6

2
Vo _ E =420 .032 .091 .259 738 2.11 3] 17.09
k u(y)

2
\/{_j ~2%0 0 | u(y)| 032 | 091 | 259 | .738 | 211 | 6 17.09

BZ
—(l+u\] =2 .097 227 52 1.184 2.67 6 13.44
u(y)

y - axis

16 A

14 A

12 A

0 eee— - - . . >

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Velocity Profile

Graph of table-1
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Table-2 (for skin friction)

y 0 1 2 3 4 5 6
\Y; 2 1
[z_oj e 20 Oxy | .167 476 1.36 3.87 | 11.02 | 31.42 89.54
D
\Y; 2 o B2
0| 20— 20 |Ox | .167 476 1.36 3.87 | 11.02 | 31.42 89.54
20 y7i
Y/ 2 1 oB?
O | 222 =2 | Oxy | 417 95 215 | 4.835 | 10.84 | 24.22 54.08
2V k u

Graph of table-2

Tables for velocity and skin friction

2 2
Let U=6, u=h=:5, V—O:G&A:\/(V_o] _(LLGBoj:z all are fixed
20 2v kK u

1, oB¢ v, ¥ 1 v, } oB
Let —~& ——arevary = || =~ | —= & .|| =%~ | — —are also vary.
k U 2v k 2v 7
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2 2 2 2 2
Case(2): <520 et 11, 01 [V | 1 5g [Yo) 9% _ g5
kK  u k y7i 20 k 20 y7;
Table-3 (for velocity)
y 0 1 2 3 4 5 .6
v, ¥ 1
Yo | 25 u(y) | 024 | 073 | 221 | 665 | 1.997 | 6 18.025
2v K
v, ¥ oB?2
J(_OJ ~—0_-/15 | u(y) | .042 | 115 | 309 | .832 | 223 6 16.11
2V Y7,
v, ¥ (1 oB2
\/(—OJ —(—+ 0}: u(y) | .097 | 227 | 52 | 1.184 | 267 6 13.44
2V k u
20 4
; O 1
] e —O e S o
> u(y) at\/[2uj e 5

r T *
0.3 0.4
Velocity Profile

Graph of table-3
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Table-4 (for skin friction)
y 0 1 2 3 4 5 .6

2
[_] _%:5 Oxy | 135 | 405 | 122 | 366 | 1098 | 33 | 9914

2 2
\/[;’—Oj - G—BO =15 | Oxy 212 57 1.53 4.112 9.21 29.63 79.53
v H

Vv 2 1 oB?
\/(2—0] —(—+—0] =2 Oxy A17 .95 2.15 4.835 10.84 24.22 54.08
1))

y - axis

100 +

80 -

Oy —

60 +

40 -

20 -+

X - axis

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Skin Friction

Graph of table-4

Tables for velocity and skin friction

2 2
Let U=6, u=h=-5, v =6&A:\/[V—°j —(1+050j:2 all are fixed
v 20 kK u
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1 . oB? v, ) 1 v, \° oB2
Let = & —Carevary = -= & || 2% | — —2are also vary.
K v k 2v Y7,
2 2 2 2 2
Case(3): 2550 et 1opp TPy [ | 1 g5 g Vo] 9B _g
kK u K U 2v K 20 U
Table-5 (for velocity)
y 0 1 2 3 4 5 6
v, ¥ 1
(Z_OJ L =15 u(y) | .042 | 115 | .309 | .832 | 223 6 16.11
L
v. Y oB?2
\/(_0] — 20 -5 | u(y) | .024 | 073 | 221 | 665 | 1.997 6 18.025
2v Y7,
v, \ 1 oB?
J(—Oj —{—+—0}=2 u(y) | .097 | .227 52 | 1184 | 267 6 13.44
2V k u
20 4
é e N 1
> —_ u(y) at \/( (l’)j — =J15
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Velocity Profile

Graph of table-5
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Table-6 (for skin friction)

Yy 0 1 2 3 4 5 .6

2
(V_Oj _%:Jl_s Ow | 212 | 57 | 153 | 4112 | 921 | 2063 | 79.53
1y

2 2
Vo! 98 5 | o | 135 | 405 | 122 | 366 | 1098 | 33 99.14
2v Y7,
v 1 oB?
O =40 2| Oxy | 417 | 95 | 215 | 4835 | 10.84 | 2422 | 54.08
20 k u
120 4
g v, i 1 s

Skin Friction

Graph of table-6
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CONCLUSION AND DISCUSSION

In this paper, we have investigated the velocity by the table-1 of equation (6). The velocity in Porous

v, ¥ 1 v, ¥ oB?
medium and Magnetic field at (Z—OJ -Z = \/{—Oj — ——0 — /20 is less than the corresponding

v k 2V U

2
v B2
value of velocity in Porous with Magnetic field at \/{2—?)) —(%Jrﬂj =2 inthe interval 0<y <-4
y7;

and equal {u(y)=6} in all medium aty =-5. But the value of velocity in Porous medium and Magnetic

v, ¥ 1 v, ¥ oB2
fieldat || =2 | —= = /| =% | — —2=4/20 is greater than the corresponding value of velocity in
2v k 2V Y7

2

2
\/ B
Porous with Magnetic field at || =2 | — EJro-—o =2 at y=-6.
2V k u

2
\"/
Again by the table-3, the value of the velocity in Porous medium at (z—oj —% =5 is less than the
v

2 2
V, oB
corresponding value of velocity in Magnetic field at \/[2—0] — —9 =15 and also is less than the
v H

2 2
Vv B
corresponding value of velocity in Porous medium with Magnetic field at \/(ﬁj _L%JF%J =2 in

the interval 0<y <-4, The Velocity is equal {u(y) :6} in all medium at Y =-5 and is greater than the
corresponding value of velocity in Magnetic field and Porous with Magnetic field at y = -6.

2 2
Vv B
Again by the table-5, the value of the velocity in Magnetic field at\/(z_Oj OB =5 is less than the
v H
2
- - - - VO 1 -
corresponding value of velocity in Porous medium at 20 K =15 and also is less than the

2 2
V B
corresponding value of velocity in Porous medium with Magnetic field at \/(%j _L%Jr Gluo ] =2 in

the interval 0<y <-4, The velocity is equal {u(y):6} in all medium at Yy =-5and is greater than the

corresponding value of velocity in Porous medium and Porous with Magnetic field at y = -6.
Again we have investigated the skin friction by the table-2, of equation (7). The skin friction in Porous

v, ¥ 1 v, ¥ oB?
medium and Magnetic field at ,[| =% | — = = || =% | — —2=14/20 is less than the corresponding
2V k 2V 7

2
oB;

2
v
value of Skin friction in Porous with Magnetic field at\/(ij —(%+7j =2 in the interval

0<y<-3 and the Skin friction in Porous medium and Magnetic field at
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v, ¥ 1 v, ¥ oB2
O —= = || 22| —=2=20 is greater than the corresponding value of Skin friction in
2v k 2V 7

v, ¥ (1 oB?
Porous with Magnetic field at \/(2—?)] —(EJF 0 J =2 intheinterval - 4<y<-6.
y7i

2
V
Again by the table-4, the Skin friction in Porous medium at {Z—OJ —% =5 is less than the
v

2 2
v B
corresponding value of Skin friction in Magnetic field at \/(Z_Oj ~ 920 _ /15 and also is less than
v) u

2 2
vy B
the corresponding value of Skin friction in Porous with Magnetic field at \/(20) —[%JFQJ =2 in
y7i

2
V

the interval 0 <y <-3 and Skin friction in Porous medium at [Z_Oj —% =5 is greater than the
v

2 2
Y B
corresponding value of Skin friction in Magnetic field at \/(Z—OJ 9% _ [i5 and is also greater
v) u

than the corresponding value of Skin friction in Porous with Magnetic field at

2
\/{V_Oj {1 i} 2 intheinterval - 4<y<-6.
2V ku

2 2
Y B
Again by the table-6, the Skin friction in Magnetic field at \/{ Oj 9% =5 is less than the

V
corresponding value of Skin friction in Porous medium at 20 =+/15 and also is less than the
v

v B2
corresponding value of Skin friction in Porous with Magnetic field at \/[Z—?J —[%+Gﬂ_0J =2 in the

2 2
Y B
interval 0<y<-3 and Skin friction in Magnetic field at \/(Z_OJ 9% _5 s greater than the
v H

2
Vv
corresponding value of Skin friction in Porous medium at (20 J K= J_S and is also greater than

. o . o v, (1 oBZ) ..
the corresponding value of Skin friction in Porous with Magnetic field at 20 EJFT =2 1in

the interval - 4 <y <. 6. Also we have investigated the Skin frictions, average Velocity, the Volumetric

flow, Drag Coefficients & Stream lines by the equations (8), (9), (10), (11), (12), (13), (14) & (15)
respectively.
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