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At present we know relatively little about the flow of fluids between two
permeable beds. Because of its intrinsic importance in many industrial pro-
blems and its relevance to the general natural phenomena, in this paper, we
have chosen to study the flow of fluid between two permeable beds. A
physical model illustrating the problem under consideration consists of a
parallel channel of width /# bounded by two permeable beds. The lower
bed moves with auniform velocity U while the upper oneis at rest. To
discuss the solution, the flow region is divided into three Zones. The flow
1egion in the upper bed is called Zone 1 and is governed by Darcy’s law. The
flow region between the two beds is named as Zone 2 and the flow is governed
by Navier-Stokes equation. The flow region in the lower bed is termed as Zone
3 and is governed by Darcy’s law. The expressions for velocity and tempera-
ture distributions are obtained and the effects of magnetic parameter, slip
parameter and porous parameters are investigated on velocity and tempera-
ture distributions. We have obtained the expressions for the thicknesses of
the boundary layer in Zones 1 and 3.

1. INTRODUCTION

Flows through porous media are very much prevalent in nature and hence their
study is of principal interest in many scientific and engineering applications. This type
of flows are of great importance in chemical engineering (for filtration and water puri-
fication processes) and petroleum engineering (for studying the movement of natural
gas, oil and water through the oil reservoirs). To study the under ground water
resources, and seepage of water in river beds, one needs to investigate the flows of fluids
through porous media. In the case of flow past a porous medium Beavers and Joseph?
have shown that the usual no slip condition at the porous boundaries is no longer
valid and they have postulated that slip exists, called B/J slip condition, at the porous
boundaries because of the transfer of momentum. Later Taylor’ and Saffman* studied
this BJ slip condition. The Poiseuille flow over 2 permeable bed has been discussed
by Beavers and Joseph?®, Rajasekhara ef al.> have investigated Couette fiow over a per-
meable bed with an impermeable moving plate, using the slip boundary conditions at
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the lower permeable bed. Venugopal and Bathaiah® have studied the flow of viscous
incompressible and slightly conducting fluid past a permeable bed in three different
configurations namely (1) Couette flow; (2) Poiseuille flow; and (3) Free surface flow
under the influence of a uniform transverse magnetic field. Srinivasan and Bathaiah®
have studied the hydromagnetic channel flow of conducting incompressible fluid of
variable viscosity between two parallel walls with non-erodable porous lining. Bathaiah
and Venugopal' have studied the effect of porous lining on the MHD flow between
two concentric rotating cylinders under the influence of a uniform transverse magnetic
field. As present we know relatively little about the flow of fluids between two per-
meable beds. Because of its intrinsic importance in many industrial problems and its
relevance to the general natural phenomena, in this paper we have chosen to study the
flow of fluid between two permeable beds. We have evaluated the velocity and tem-

perature distributions. The effects of magnetic, slip and porous parameters on velocity
and temperature distributions are investigated.

2. FORMULATION AND SOLUTION OF THE PROBLEM

A physical model (Figure A) illustrating the problem under consideration consists
of a parallel channel of width ‘4’ bounded by two permeable beds. The lower bed
moves with a uniform velocity U while the upper one is at rest. To discuss the solution,
the flow region is divided into three Zones. The flow region in the upper bed is called
Zone 1 and is governed by Darcy’s law. The flow region between the two beds is named as

Y

<

Yy
—» ZONE 2 h

! Ho

Fic. A. A physical model.
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Zone 2 and the flow is governed by Novier-Stokes equations. The flow region in the
lower bed is termed as Zone 3. The lower nominal surface is taken as X-axis and
a straight line perpendicular to that as the Y-axis. We introduce the magnetic field of
intensity H, in the Y-direction. The fluid is viscous incompressible and slightly con-
ducting. Therefore the magnetic Reynolds number is much less than unity and hence
the induced magnetic field can be neglected incomparision with the applied magnetic
fields. To derive the basic equations for the present model, we make the following
assumptions :
op

1. The flow in the x-direction is driven by a constant pressure gradient B

2. The fluid is Newtonian viscous incompressible and slightly conducting.

3. The flow is steady and fully developed with negligible body forces so that all
the physical quantities except the pressure are functions of ‘y’ only.

4. The lower and upper permeable beds are homogeneous and non-conducting
with constant permeabilities K; and K, respectively.

Under these assumptions and in the absence of any input electric field the basic
equations of the flow in the three Zones are given below :

2 g2
4114___'4__6“’H°u_iﬁ 2
h =Ll b
T du \? P
Kr dy u(—d—:v—) + X ut -+ cpf H: u =0 ...(2.2)

1

where K; = K, in Zone 1, K; = = in Zone 2, and K; = K, in Zone 3, u is the fluid
velocity in the X-direction, o the electrical conductivity of the fluid, u. the magnetic
permeability, p the coefficient of viscosity, p the fluid pressure, T the temperature
and Kr the thermal conductivity of the fluid.

We introduce the following non-dimensional quantities :

u* = Uu ;Y = —;};x*=—z~;p*= P, u*= g—;
]

P U; o

T—Tsl Tal—Tx B Tpy “'Tl

o I -1 e _ dm— 1L _ 18 —1T;
T Tpy — Ty’ T Tp, — T, ’° s Ty, — Ty ~(2:3)

where T'p1, Ts: are the slip temperatures at y = 0 and y = h respectively and 7, the
ambient temperature in Zone 1 and Zone 3.
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In view of equation (2.3) the equations (2.1) and (2.2) reduce to (after dropping
superscripts “*’).

d*u

ZF C*y=—Pp ...(2.9)
a:Tr du \? Y
o = - PoE [( = ) + c u~:] 25)

o

where C! = C* = a;, + Min Zone 1, C; = M in Zone 2,

2
I

c

2
i 1

= da; + Min Zone 3.

oul H h?

M = — (Magnetic parameter)
a; = e ;P= —R —Z—%
1
Kz/ 2

) S Co (Prandtl number)

Kr
U,
E = ) (Tor = To) (Eckert number)
h
a, = —
K‘ll‘.‘

The non-dimensional boundary conditions are

Zone 1
U =ug,, T=1aty =1 _ ...(2.6a)
P
U =— T=—Tpgaty=1+n, ...(2.6b)
a;
Zone 2

u=up, +U, T=0aty=0 ...(2.6¢)
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# =g, T=1aty =1 ...(2.6d)
d N T

—a}"——=sa1(ual— Z“ ),gy—=ﬁaleaty=0 ...(2.6¢)

1
d daT
'd% = — §da (usz—— —l:—), 7y-=—- —Ba:Tgaty = 1. ...(2.6f)
a2
Zone 3
u=ug + U T =0aty=0 ...(2.6g)
u=-L T = —Tepaty=—m ...(2.6h)
a,

where up;, up, are the slip velocities at ¥y = 0 and y = h respectively, s is the slip
parameter, B the Biot number and n, and n, are the boundary layer thicknesses in
Zones 3 and 1 respectively.

Solving the equations (2.4) and (2.5) using the boundary conditions (2.6), we
obtain velocity and temperature distributions in all the three Zones.

Zone 1
1 . .
u = S—lm [d1 sinh C(] -y + nz) + d, sinh C (1 -— y)]
+4 27
L+ T —y) _iw_fffi,[e _
Ti=1++ 7 4 C* sinh? Crr d; cosh2C(1-y + n,)

4+ d cosh2C (1 — y) + 2d, dycosh C (2 — 2y + )
4 4 C%d, ds sinh C(1 = y) + 4 C? d, ds sinh Cn, 1—y+n,)
+ %{(Cosh 2 an -‘1)( d: —_ d: ) + 4 CZ ds d4 sinh Cn2 }
2
1 D,
- L {dﬁ (1 + m5) (cosh 2 Cn, — 1+ d? ((1 + ns)—cosh 2Cny)

-+ 2d, d, n, cosh Cn, 4+ 4 C? sinh Cn, (n, d; + du)}]. ...(2.8)
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Zone 2
Uz = S [d; sinh M'"? y + dg singh M2 (1 — »)] +—- (2.9)
2 sinh M} 278 ¢ N 7 A
=y — .______...__1 r-E 2 12 2 1/2
Th =Yy A0 Snht MO d; Mcosh2M 1y 4 d, Mcosh2 M

x (1 — y) — 2d;5 dg cosh M2 (1 — 2 y) + 2P% y? sinh® M1/2
-+ 4 Pd; sinh M/ sinh M*/? (1-y) 4 4 Pd; sinh M'/? sinh M2y
—4M2Cyy — 4 M2 C)) ...(2.10)

when the lower boundary is also at rest, i. e. U = 0, the velocity and temperature
distributions are

1

Mo = < Goh oM [dy sinh M y + dy sinh M} (1 — »)] + _A;
(2.11)
Pr.E
To=y = o [— d® Mcosh 2 Ml y

+ d; Mcosh2 M2 (1 — y) — 2d, dg M cosh M2 (1 — 2y)
+ 2 P2 y*sinh® M'I* + 4 Pd, sinh M2 sinh M2 (1 — y)

+ 4 Pd; sinh M2 sinh MY y — 4 M2 Cy — 4 M:C* ]
(2.12)

where ug,, u;O are now the lower and upper slip velocities respectively

_I[( 2 _ P\ saMp £ 2 M
Upo = C, [( & M) sinh M1/ + M (M coth® M
2
sa, M1t coth M*/* M + (s az + M2 coth M‘l‘)ip
2 sinh? M*" 2 a,
...(2.13)
1'2
u¥, = é—[( 2 - &) S+ 5 (sa 21 coth a2
2 2

(equation continued on p. 528)
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528
+ M coth? M2 — ——_—sinhzﬁil e ) + (sa, + M!izcoth M1/%)
-3”7:] (2.14)
( & - )
cs = (eosh 282 = D\% T % ] P sinh® M2 (P + 4d, — 4dr)
s aM IM?
C! = gap| 42 M+ d: Mcosh2 M — 2 dy dy M cosh M2
+ d, 8 P sinh® M*P2].
Zone 3
...(2.15)

1 i _
Uy = — e e sinh Ci(n + 3) 4 dig sinh C, )

TB y Pr.E
T: = __niﬂ ~ It G [ d; cosh 2C, (n, + y) + d3, cosh 2C, y

+ 2dy dyo cosh Cy (n, + 2y) + 4 dy dyy C; sinh C, (n, + )

+4d,duC} sinh C, y + -ﬁ— {(cosh 2C, n - 1)
1

x (a2, - a )— 4dyy C? sinh C, my (dig + dy) }

— {d: cosh2 C, m + d, + 2d, dyo cosh C, m

+ 4dy d, C: sinh Ci n,) }] {(2.16)
where
= I[(E_ B\ saMmn d
e = 52[( 2 AT) simh e ( w— Y ) (M coth® a2
2
M\
12 12 - -
+ 5as M2 coth M sinh? M172 )
L (2.17)

+ (say + M2 coth M1/?) -f—fl ]
1
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= _] P P sa, M‘l[z P( e -
o G, [( a2 M + U) sinh M1/2 + M sa, M'? coth M

1

s M s 5P
-+ M coth? Mllz—m—)+ (S01+M1/200thM12) a—z_
...(2.18)
1 P,.EM 2 .
Too= = 5o T 2%a MP sm® M7 [d‘ M sinh ZM7E

— 2 Md; dg sinh M*]* + 2d, sinh 2 M*I* — 4Pd; sinh M
4+ 2¢, M3/%]

I P, EM r
Tee=— g™t e, Msod M |

d; M?sinh 2M1

— 2M32 d; d; sinh M2 4 2P? sinh® M'* — 4d; P M*'* sinh M!/?

+ 2ds M/* sinh 2 M'? — 2C; M?

2 p 2 M
C, + (sa, + M''% coth M*/?) (sa, +M*!* coth M%) SR M

2 __ g2
C __(cosh 2M12 — 1)( ds —d, ) n P sinh®* M2
= 4 M IM?

[P+ 4(d; + do)]
C, = 17 [M(dg +d* cosh 2M*72 — 2d.d, cosh M [? )
+ 8 P dg sinh* M7

P P P 2P sinh Cn
d1=(uﬂz*’ ﬁ>;dz= (—— —q-);d3= S
a,
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ds=(u;n" ‘AI‘;);do"—' (uBI+U“' l—).

o
le:("‘I,_"‘—' P);du____.'Z{_PM.
S ct

Expressions for the Thickness of the Boundary Layers

We know that at the edge of the boundary layer, the shear-stress has to be zero.
In other words

Therefore the expression for ‘ny’ is given by

C 4+ (C2 — L) ‘

ny = | . (2.19)
4
Neglecting the terms of 0( n} )
where
24; (upy — P)cosh C
Ly =2+ C) —
(Pa§ ~PC )
Similarly the thickness of the boundary layer ‘n,’ in Zone 3 is evaluated.
212
n= —a— (Ly— 12 ...(2.20)
1

Neglection the terms of O (”1“ ) .
where

a, ((us, +U)C*—P)
Ly = —
(P ¢~ pa )



HYDROMAGNETIC FLOW OF AN INCOMPRESSIBLE VISCOUS CONDUCTING FLUID 531

3. PARTICULAR CAsges
Case (i)—Let the lower boundary will be impermeable i K=K =0
(a, - «). Then the velocity and temperature distributions are
P
- M+ 573

L > sinh M2y + d,s sinh M2 (1
LG

ut = —on a4

* = 4t 1/2 2 12
" =r"um smh2 M [M( j2 COsh 2M'*y + d[; cosh 2 M/
x (1 — y) — 2d,. d;3 cosh M'/? (1 — 2y)) + 2P? y* sinh? M2

+ 8 Pdy3 sinh M2 sinh M'/* (1 — y) + 8 Pd,, sinh M*"? sinh
X M2y — AM? ( CH*y + Cr* )] ..(3.2)

where
« 1 s M'I% sinh M2 e )]
whe = [UM L ( SMESh MR 3 cosharr — 1) |
C} = M'izsinh M'P (say + M*/* coth M)
1 = i M cosh 2me —1) (&, ) + 2 P* sinh? M2
+ 8 Pd sinh® M2 — 8 P d,; sinh* M'1*
= TIAT[ M ( d?, + d?, cosh 2M1/* — 2d,, dis cosh® M*[*)
P P
+ 8 Pdy, sighz M2 ] dyy= u;Z -3 ds=U— 7.
Case (ii)—Let the upper boundary will be impermeable i.e., Ki=K, =0
(a: - «). Then the velocity and temperature distributions are
u* = ——1— [M dy, sinh M*/2 (I — y) — P sinh M'P*] + P
M sinh M*/* ! M
..(3.49)
PrE [P? cosh 2M112 y + M?* d’, cosh

* P LA, -
T* =Y~ 2M sinb? M
(equation continued on p. 532)
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X 2MP (1 — y) + 2 PM dy cosh M'[* (1 — 2y)

+ 2P2 My® sinh? M 4 8 P Md,, sinh M*/? sinh M*/* (1 — »)

— 8 P?sinh M'/*sinh My — 4 M* (C;y + Cy)} ...(3.9)
where
1/2 o 12
ut ~ L[: p( S_—ﬁl——asﬁ‘?ﬂ_H cosh M'1* — 1) — UM cosh M1’2]
* 1
Cz
..(3.6)
(cosh 2M'* — 1) { P? 1 y .
C;, = aM —W - df‘ + —W—_(P_ M sinh2 M1/2
— 8P%sinh? M'* — 8 Pd,, sinh® M'/?)
1 23
Co = a7 [P? + d, M*cosh 2 M/® 4 2 PMd,, (cosh M*1®

+ sinh? Ml/z)], dyy =( up, + U— TZ )

Case (iii)—Let the lower and upper boundary walls be impermeable i. e., K; =K,
=0, K, = K, = 0, (@, - «, a, — «). Then the velocity and temperature distributions
are

! :
ut = M sinh M1 [UM sinh M** (1 — y) — P (sinh M'"* y

+ sink M (1~ )]+ 3 G

P,.E ’
T =y — IMTsinh T [P? cosh 2M1/* 4 dyg M? cosh 2M'2 (1 — y)

+ 2 M Pd,; cosh M'* (1 — 2y) 4+ 2P® My* sinh? M*/?

4 8 PMdssinh M/ sinh M'/% (1—y) —~8 P2 sinh MY/ sinh M2y

—4M=( c* y 4+ )] (3.8

¢+ - [(cosh2M'2 — 1) ( P, P2 sinh® M2 (M — 4)
s T aM Y )t M3

2Pd,4 sinh? M/
MZ
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C* = 1Pt + & MPcosh 2M'* + 2P dyy M cosh M'P,
M 13

]
+ 4 dy3 P M sinh M%),
Case (iv)—If the permeabilities of the both lower and upper permeable walls are

equal i. e., Ky = K, = K, = K (i. e, a, = a. = a) then the velocity and temperature

distribution are

i [y sinh MUy + dyg sinh MR (1 = Y]+ o .3.9)

u* =
sinh M*/?

T =Y = a7 smh2 Mllz [M ( dj; cosh* M'I* y + dj, cosh

X 2 MY (1 — y) — 2dy5dyg cosh M2 (1 — 2y)) + 2P® y* sinh®
X M2 4+ 4P d,gsinh M'/4 sinh M2 (1 — y) + 4 Pdy; sinh

X MW sinh M2y — 4 M? ( C;“'y + C’:*)] ...(3.10)
where

B1 =

1 M1)? P
it = oL amiwme (o~ ) + (57 — U ) ¢reomtaer

2

M ) 4 SP(sa+ M coshM'/* ]

12 1/2 ..

+ sa M coth M sinh? A7 -

. (3.11)

g 5 aM’? P P P 12 2
Yo = [sinh2 Mz (" M +U )+ W(SGM coth M1/

*%
C2

M
2 1/2 -
+ M coth* M ST AT )

112 1/2
4 SPsa+ Ma coth M%) ..(3.12)

M
** 1/ 122
C, (sa + M*I% coth M'1?) SinhE ME
d’, ) + 2 P*sinh® M/

(equation continued on p. 534 )

Cr* = i M (cosh 2b = 1) (o
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+ 4 Pdy; sinh* M*I* — 4 Pd,, sinh® M*/4]

C = ]TIJT[M( di, + d;, cosh 2M'”? — 2d5 dis chsh M1 )

+ 8Pdy, sinh? M7

P P
d15=u;:—'ﬁ,d15=u;:+(]—‘ ﬁ.

Further, if the lower bed is at rest i. e., U = 0, then the velocity and temperature dis-
tributions are

d

. . P
= ’S—IE—IA}—I/‘Z‘* [smh M”zy + sinh M2 a - y)] -+ M— (313)

T* =y — 4—-A7-S—I;n'—hf—ﬂ—1,—,[M d}, cosh 2M*/* y + cosh 2M/2 (1 — y)

—2 cosh M2 (1 — 2 »)) 4 8 P d,, sinh M'/? (sinh M'/* (1 — y)
+ sinh M2 y) 4 4 P? sinh®? M?/2 (3* — ¥) — 4M? C2C,] ...(3.19)

where

% e _

uBl = uBz == ug
1 sa M3 P P P 1
= L r ,2
ue c** [ sinh M1/2 ( s M ) + o” (M cothz M
2

M
1/2 e e
+ s aM?/? coth M1/2 b AT )

sP (sa + M coth M}/[?)

+ a
i 1 2 Pd;, sinh 2 M1/?
C, = Y7 [1 4+ cosh 2 M*? — 2 cosh M1/2] + i

d17=uB - }I:T
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4. CONCLUSIONS
Slip Velocities

Figure 1 gives the slip velocity profiles wg;. An increase in magnetic parameter
M or porosity parameter ‘a,’ causes a decrease in slip velocity ws,. In Fig. 2 us, is
drawn against ‘s’ for different values of ‘a.’. An increase in the slip parameter ‘s’
results in an increase in #p; Whereas an increase in the values of porosity parameter a,
results in a decrease in us,. Figure 3 shows the effects of @, and M on slip velocity ugs.

06 08—
(Fig.1) (Fig.2)
0'5( 07+ :
02 =2
0:3r 0-5+
T T ap=4
ug, 0-2F 04 aj=6
ot ¥B1
o1k Q=4 ay=2 03k
0 \ L 1 -y 0.2 )_
—01F \ 01t
(11.26 L
_0.2 1 L ) 1 1 O L ! L 1
0 i 2 3 4 5 6 2 4 6 8 10
M— S —>
Fic. 1. Slip velocity ug, against M for different Fic. 2. Slip velocity ug; againt s for different
values of a;. values of a;.
1 N
6 (Fig.3) (Fig.4)
01:2 02:2
12k 4 a
T 6\ u \
UBZ 0-8F \ -
JA
i L ] L 1 I | ]
0 1 Vi 3 4 5 0 2 e ) 8 10
M ——> S —>

Fic. 3. Slip velocity up, against M for Fic. 4. Slip velocity ups against s for different
different values of a;. values of a,.
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An increase in a, or M results in a decrease in uz,. Figure 4 is drawn to bring out the
effects of a, and s on us,. wug. decreases as a, or a increases.

2.8

(Fig 5) (Fig 6)
24
2.0
.
Y2
1.2
0-8 I} 1 1 ] A el 1 i
0 02 04 0-6 0-8 0 0 02 (17 06 08 10
vV—> Y —>»
Fic. 5. Velocity profiles for different Fic. 6. Vejocity profiles for different

values of M. values of a;.

Velocity distribution

In Fig. 5 the velocity #, in Zone 2 is plotted against y for different values of M.,
As M increases the velocity u, decreases. Figure 6 illustrates the effects of ‘a,” on velo-
city u, in Zone 2. An increase in ‘a,” results in a decrease in u,. Figure 7 brings out
the effect of ‘a,’ on u,. We have observed that u, decreases as ‘a,’ increases. In Fig.
8, u, is plotted against ‘y’ for different values of s’. It is noticed that w, increases as

28
(Fig.7)

u2
04 1 1 N a4 1 " L i
0 02 04 06 08 110 0 02 04 06 08 10
Yy —> N
Fig. 7. Velocity profiles for different Fic. 8. Velocity profiles for different

values of as. values of s.
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6.9

s’ increases upto a certain distance very near to a lower permeable bed (approxima-
tely 1/3rd of the length of the Zone 2) and then this trend gets reserved in the remain-
ing flow field.

Slip Temperature

In Fig. 9, Ts, is drawn against M for different values of ‘a,”. We have observed
that Tp decreases with the increase in ‘ai” whereas it increases as M increases. Figure
10 illustrates the effects of ‘s’ and a, on Ts. An increase in ‘s’ or ‘a,’ results in an
increase in Ts;. Figure 11 is drawn to bring out the effects of Biot number B and P, E
(Product of Prandtl and Eckert number) on Ts,. We have seen that Ts, decreases
with the increase in B whereas T, increases as P.E increases. In Fig. 12, T, is drawn
against M for different values of ‘a,’. We conclude that T, increases with the increase
in M whereas Tp, decreases as ‘a,’ increase. Figure 13 is drawn to bring out the effect
of ‘s’ and ‘a.’ on Tg,. It is observed that Ts. increases with the increase in ‘s’ whereas
Ts, decreases as ‘a,” increases. In Fig. 14, Tp. is drawn against for different values of
P,E. 1t is seen that Ts, decreases with the increase in B whereas T, increases as P .E
increases.

90 (Fig.9)
80r
70F
60r 120
{ 5ob 100
Tgy T R.E-5
401 q1:1, 80
g1
301 60
a1=6
204 ! 40k
10F 20+
0 i t Il I 1 0 1 1 t 1
] 2 3 4 5 6 02 04 06 08 10
M—> JB-—;
FiGc. 9. Slip temperature T'g; against M Fi1G. 10. Slip temperature Tz, against s for

for different values of a;. different values of a;,
: FiG. 11. Slip temperature Tz, against 8 for
different of P,E.
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50 —
(Fig12) (Fig13)

LoF

B2

A
(&%)
O
T
°
1
~ ~
T
o
N
n
~

20+ 6 N N l'///
6
. 1

G 1 1 1 | ) t 1
0 1 2 3 4 50 2 6 8 10
M —> L
Fic. 12. Slip temperature T'p, against M Fic. 13. Slip temperature Tg. against s
for different values of a. for different values of a..
140 56 T
(Fig.14) (Fig.15) M=3

1201+ 48

‘00"PfE:15 40

m—“_,—-)
~
[v o)
o
T T ¥
m/o
o —
-
° - o e
-] [o2] > N

601
40
20
¢} i A t 1 ¢} i i 2 i
02 0-4 06 08 ¥0 02 04 06 08 10
/3 — Y —>»

Fic. 14. Silp temperature 7Tg» against B FiG. 15. Temperature profiles for different
for different values P.E, values of M.

Temperature distribution

Figure 15 brings out the effects of M on temperature T, in Zone 2. An increase
in M results in an increase in 7,. Figure 16 gives us the effect of ‘a;” on T,. An in-
crease in ‘a,’ causes a decrease in T,. Figure 17 illustrates the effect of ‘a,’ on T,. We
have seen that 7, decreases with the increases in ‘a;’. Figure 18 is drawn to investigate
the effect of s’ on T.. An increase in ‘s’ causes an increase in T,. An increase jn ‘s’
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S
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causes an increase in 7,. In Fig, 19, T, is drawn against )y’ for different values of
P.E. We have observed that 7, increases with the increase in P,E. Further, it is
observed that the temperature profiles is linear when P,E = 0. Figure 20 brings out
the effect B on 7,. An increase in 8 cases a decrease in 7.
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