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The objective of the present work is to study the MHD mixed
convection flow of an unsteady two-dimensional, laminar, viscous,
incompressible fluid along a semi-infinite porous plate embedded in a

Published: June 2020 porous medium with the presence of pressure gradient, thermal

radiation field and uniform vertical magnetic field. The governing
equations are obtained for the above physical configuration using
conservation of mass, momentum and energy. The natures of these
equations are non-linear and coupled with each other. Approximate
solutions for nonlinear partial differential equations are solved using an
analytical approach by double regular perturbation technique. During
simplification it is assumed that the free stream consists of a mean
velocity and temperature over which are superimposed an
exponentially varying with time. The behavior of the velocity and
temperature are discussed in detail for various non-dimensional
parameters present in the problem. The values are found to be in good
agreement with known results.
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Introduction:-

The study of heat and mass transfer of a fluid flow has considerable number of applications especially the science
and engineering, biomechanical problems like the flow of blood in a tube, wind power, geo-thermal reservoirs,
thermal insulation, drying of porous bed, many catalytic reactors, nuclear reactor cooling and the transport of energy
in the underground etc. The study of oscillatory flow is very important from the technological viewpoint and such
physical phenomenon was first studied by Lighthill (1954) for some two dimensional fluid flow. He was the one
who first considered a two — dimensional flow of an incompressible viscous fluid by assuming that a regular
fluctuating flow is superimposed on the mean steady boundary layer flow, which is completely solved by
momentum method.

A comprehensive review of literature regarding the subject mentioned was well documented in a book written by
Ingham and Pop (2005), Nield and Bejan (2006). The study of boundary-layer phenomena is of great importance in
recent times owing to their wide applications in several engineering fields. The boundary-layer zone can be
considered to be an interface region where fluid flow and heat transfer characteristics of two different, porous media
and a fluid or of porous and impermeable media are adjusted to one another. To give a specific example, one can
consider flow from petroleum reservoirs, wherein the oil flow encounters different layers of sand, rock, shale, lime
stone, etc. Vafai and Thiyagaraja (1987) analyzed the flow and heat transfer at the interface region of porous
medium. The analysis of natural convection about a vertical plate embedded in a porous medium was examined by
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Kim and Vafai (1989). Vafai and Kim (1990) obtained an exact solution for the interface region between a porous
medium and a fluid layer.

Studies on the response of a laminar boundary-layer flow due to free-stream oscillations are of prime importance in
many industrial and aerodynamic flow problems. Typical problems arise in the study of aircraft response to
atmospheric gusts, aerofoil lift hysteresis at the stall, flutter phenomena involving wing, panel, and stalling flutter, as
well as the prediction of flow over helicopter rotor blades and through turbo-machinery blade cascades. Stuart
(1955) extended this idea to study a two-dimensional flow past an infinite porous plate when the free stream
oscillates in time about a constant mean. Along with the unsteady velocity field, Stuart also studied the unsteady
temperature field by assuming that there is no heat transfer between the plate and the fluid. The physical situation
discussed by Stuart by one of the possible cases. Another physical phenomenon will be that if the difference

between the plate temperature T\A',, (temperature of the plate) and the free stream temperature TO'0 , (temperature of

the fluid in the free stream) namely “Tv'v- TO; ” is appreciably large causing the free convection currents to flow in

the boundary layer and the free stream velocity is also oscillating in time about a constant mean in the direction of
flow, then how is the flow field near a porous infinite vertical plate with constant suction affected by the free
convective currents? An attempt in this direction was made by Soundalgekar (1973), who assumed that: (i) The
plate temperature oscillates in time about a constant mean, (ii) the free convective currents are present in the
boundary layer and (iii) the flow is very slow and hence viscous dissipative effects are negligible. This problem,
governed by coupled linear differential equations was solved by Soundalgekar (1973), and it was observed by the
author that the temperature field was not at all affected by the free convective currents. This is not always true. In
subsonic flow of an incompressible fluid, the heat due to viscous dissipation is present in a number of physical
phenomenon. Also, in the case of fluids with high Prandtl number, viscous dissipative heat is always present even in
slow motions. Hence it is interesting and also important from the practical point of view to study the effects of the
free convection currents on the oscillatory type of boundary layer flow. Now, in Stuart’s case, it was observed that
the mean flow was not affected by the frequency of the oncoming oscillatory flow.

In many practical problems, porous media have been used to provide an effective cooling device and it has been
demonstrated using potential nature of Darcy equation. Rudraiah (1984), Kim and Vafai (1989) by considering non-
Darcy equation with boundary and inertia effects that the heated vertical plate embedded in a porous medium
significantly influences the flow and heat transfer characteristics. The works mentioned above are concerned with
the study of steady convection when an impermeable vertical plate is embedded in a porous medium. It has been
observed that a suction or injection at the plate controls heating by controlling the boundary layer. Later, this
problem has been extended by Rudraiah to convective flow through a porous medium bounded by an infinite
vertical porous plate with uniform free stream velocity away from the plate. Goma and Taweel (2005) examined the
effects of oscillatory motion on heat transfer at vertical surfaces and developed a model that predicted both transient
and time average heat-transfer rates. Effects of unsteady mixed convection boundary-layer flow along a symmetric
wedge with variable surface temperature were investigated by Hossain et al. (2006).

Patil (2008) studied effects of free convection on the oscillatory flow of a polar fluid through a porous medium in
the presence of variable wall heat flux. Girinath Reddy et al. (2017) investigated the combined effects of Soret and
Dufour and variable fluid properties like viscosity and porosity on mixed double diffusive convective flow over an
accelerating surface. Basavaraj et al. (2018) examined the effects of thermal radiation on casson fluid flow over a
stretched surface of variable thickness in the presence of magnetic field. Recently Basavaraj (2019) investigated
stability of the flow through porous media by considering uniform vertical magnetic field and the similar effect is
considered in this problem also.However, for an effective convective cooling, heat pipes, direct contact heat
exchangers and so on, it is advantageous to study the unsteady mixed convection on a heated permeable vertical
plate embedded in a high porosity porous medium with fluctuating free stream and suction velocities without
disturbing the uniform temperature maintained at the vertical plate. In spite of its importance this problem has not
been given any attention to our knowledge.

Nomenclature:
a Width of the rectangular channel U Dimensional free stream velocity

yij Thermal expansion coefficient Ra Thermal Rayleigh number
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Specific heat at constant pressure
acceleration due to gravity

Grashof number

Prandtl number

Frequency
Height of the rectangular channel

Thermal diffusivity

Permeability of the porous medium
Thermal conductivity

Eckert number
pressure
velocity components along x and y direction

Co-efficient of thermal expansion
Hartmann number

space co-ordinates
kinematic viscosity

density of the fluid

Mathematical formulation
We consider a two-dimensional, unsteady Boussinesq viscous fluid through a porous medium bounded by a vertical
infinite porous plate. We assume an oscillatory suction velocity and the free stream velocity away from the porous
plate oscillates about a mean constant value in a direction parallel to the x-axis. The x-axis is taken along the porous
plate with direction opposite to the direction of gravity and the y-axis is the direction normal to the porous plate. The
temperature of the vertical porous plate is maintained at a constant temperature. Since, the flow extends to infinity in
the x-direction, the flow variables except the pressure p are functions of y and t only (see Fig. 1). Under these
approximations, the basic equations of motion are:
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time
Dimensional temperature

Temperature at the plate

Fluid temperature far away from the plate
Mean velocity

Fluctuating part of the velocity
Suction velocity

constant velocity

Rate of heat flux

Fluctuating part of the temperature
Dimensionless temperature

Mean temperature

perturbation parameter

Coefficient of viscosity

reference density

stream function
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Fig.1:- Physical Configuration.

We assume the following assumptions to find an approximate analytical solution for the above governing equations.
(i) x varies between —oo t0 + oo, all the physical quantities are independent of x except for pressure, (ii) the

Boussinesq approximation i.e., density is constant throughout the momentum equation except for body force,
(iif)Incompressible fluid, density is constant. (iv) B, = zzH,, (v)From the equation of the state we consider density

() is a function of temperature only, hence p = p, [1— LT —Tw)] , (vi) We assume the fluctuating free-stream
and suction velocities respectively as,
U(t)=U, (1+ Aze™), (5)

v(t) =-v, (1+Bee™). (6)

where the negative sign indicates that the suction is directed towards porous plate. All the physical quantities are
defined in the nomenclature. Based on the physical configuration which is as shown in Fig.1, the boundary
conditions for the system takes the form:

y=0: u=0, T=T,.

y—wo: u—Ut), T-oT,. @)

These boundary conditions are derived on the assumption that the free stream velocity is fluctuating with time and
maintaining uniform temperature away from the plate as well as at the plate.
The governing free stream velocity equation is,

dU_ 1ép v, oBU, ®)
d  p,0x k Po

We solve the above governing non-linear partial differential equations by eliminating the pressure gradient between
(2) and (8), we get
2 - 2
B,"U
ou ou_du Ua_g_ﬁ(u_u )220
oy k

+ =—+
ot oy dt

(u-U)+pg(T-T,). ©)

0

Making these equations dimensionless using,
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2 2
* * t * * * T_T
y :Voy' u.zl, t :Vo , n :V—S’ Vv :L, k :V—zk, 9: © s
1% U, 1% VS V, ve Ty — Ty
(10)
v AT, -T,) o Byv Us
Pr=—, GI‘: 2 2 ’ M = 2 1 =
k U0 Vy PoVo Cp(Tw _Too)
and for simplicity neglecting the asterisks (*), we get
2
A
a—u+va—u:d—u+a—g+—1(U—u)+M(U—u)+Gr6’, (11)
ot oy dt oy k
2
69+ 06 _ 100 90 (ﬂl Mju N au (12)
o oy Proy’ k o
The corresponding boundary conditions in dimensionless form are,
y=0: u=0, @&=1.
yoo U-l+eAe™), 650, (13)

Method of Solution:-
In order to solve the non-linear coupled partial differential equations (11) and (12) we will make use of the double
regular perturbation method(one for & and another for E), the solutions of the form

u(y,t) =U (y) + sty (y) e™ +0(&?), (14)
0(y,t) =6, (y) + £ 6, (y)e™ +O(&?). (15)
Where ¢ is the perturbation parameter, which is a very small quantity.

Substituting equations (14) and (15) into equations (11) and (12) and equating the like powers of & on both sides,
we get the following system of equations.

The zeroth order steady equations in g’

" (9) " (9)~(M + 72 ug (y) = -Gr 6y~ (M +72) (16)
' ) - %! 2,

b (y)+Préy'(y)=-EPr ?—M Ug” +Up'(y) |- (17)

The corresponding boundary conditions are,

y=0: u,=0, g, =1

y—>o: Uu,—1 g —0. (18)

The first order unsteady equations in & are,

uy (y)+uy(y)- (m+M+ )+U1(Y)— Buo(y)—6, Gr—(M + 1)A: (19)

A
[k ju (Y us(y)+ 20)

u', (y)u'y (y)

0, (y)+Pro,(y)-inPro,(y)=B6;(y) -2E

The corresponding boundary conditions are,

y=0: u=0 6=1

y—>o: u—>A 6 —0. (21)
where the primes denote the differentiation with respect to y.

Equations (16), (17), (19) and (20) are coupled equations in Uy, 490 ,U, and @, .To solve these equations, we assume
that heat due to viscous dissipation is superimposed on the motion. Mathematically this can be done by expanding
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the velocity and temperature in powers of E, because in the case of incompressible fluids, E is very small. Therefore
we assume,

U () = Uoa(¥) + E Uga(y) +0(E?), (22)
Us (y) = Uy (¥) + E o (y) +0(E?) (23)
6o (Y) = O1(y) + E Oy (y) +0(E?), (24)
6,(y) = 611(y) + E 61,(y) +0(E?) . (25)

Substituting equations (22) and (23) in (16) and (19), and equating the co-efficients of the like powers of E, we get
The zeroth order steady equations on E” are,

Uo1”(Y)+Uo1'(y)—(M +%)u01(y)=—Gr901(y)—(M +/1_k1) , (26)

Oo1 (¥)+Prép;'(y) =0. (27)
and the corresponding boundary conditions are,

y=0: Uy, =0, G, =1,

y—>o: u,—1 §6,—0. (28)

The first order steady equations in E* are,

g (3)-+Uoz' (9) ~ (M +2) Uoa(y) = ~Gr () (29)
" . A ,

Bop (Y)+Proy, (Y)Z—H?l_ Mjumz()’)‘*‘(um (Y))z : (30)

and the corresponding boundary conditions are,
y=0: u,=0§,=0,
y—>o: Uyp—>0, 6 —0. (31)

Similarly, substituting equations (24) and (25) in (17) and (20), we get the following system of unsteady equations:
The zeroth order unsteady equations in E" are,

. ‘ . A . A
U (Y)+Uy (y)—(in+M +71)U11(Y)=—BU01(V)_Gr911(y)—(M +T1)Aa (32)

611(y) +Préy;(y) —inProy; (y) = By (y) - (33)
and the corresponding boundary conditions are,
y=0: u;, =0, 6, =0,

y—>w: u; —>A g, >0 (34)
The first order unsteady equations in E* are,
" , i A ,
Uy (Y)+Up'(y)-(in+M +?1)U12(Y)=— Bug,' (y)—Gré,(y), (39)
6, (y) +Pré,(y) —inPré, (y)= BPro, (y)+Pruy (y)u,(y) -
(36)
2P| (- M)t ()|
and the corresponding boundary conditions are,
y=0: u,, =0, 6, =0,
y—>ow: u,—>0 6,—>0. (37)

Solving the differential equations (26) to (36) using the corresponding boundary conditions and with suitable
simplification, we get

313



ISSN: 2320-5407 Int. J. Adv. Res. 8(06), 308-321

ry Ase—ZRzy +A4 e—ng _|_A5
e ¥+
u(y,t) = [Ai oy JJFE g 2Pry +A6e—(R2+Pr)y+
e +
& A(y+)e™ + A

(Ae™ +Ae™ +Ae™ 1A ™ +A,)

A+ AT A e
s Age ™ + A e L A (y+De ™ .
+E +A21 e—ZPry + Azz e—(R2+Pr)y + A23 e—(R2+R6)y

+A24 e~ (RetRy A25 g RetPOy

A26 e—(R6+Pr)y + A27

Bie ReY +B,e 2R + By(y +1)e ™Y +J

(38)

int

_|[a-Pry
oy, 1) = (e )+E B4e’2Pry+Bse_(R2+Pr)y

(Bee’R“y + B7e‘Pry)+
Bge Y + Bye 2T2Y 1+ Bge Y +Be " + (39)

e Boe MY 1+ Biy(y +De ™Y + By 2P +

Blse—(RZHDV)y + BlBe—(Rz‘*'Rs)y + Bl7e—(R2+R4)y

D

+ Blse—(RerPr)y + Blge—(R4+Pr)y + BZO

where
—1+.,/1+4K, —Pre+/Pr2+4Prin
R1,2 = R7,8 :f R3,4 =f
~1+./1+4K, —Pr+yPri-4K,
R5,6 :f R9,10 = f '

The constants A; (i=1 to 27) and B; (i=1 to 20) are the functions of non-dimensional parameters involved in the
problem. For the want of space the expressions for them are omitted here but given in appendix. However, they are
numerically computed and used in computing u and é.

Results And Discussion:-

The analytical solutions for the velocity and temperature are found using double perturbation technique. The
numerical computation is performed for velocity and temperature for different values of non-dimensionalised
parameters that are involved in the solution. The graphical representation for velocity and temperature are depicted
in Fig.2 to Fig. 21. Fig.2 to Fig.7 shows the variation of velocity and temperature for positive and negative values of
Grashof number Gr and also for Eckert number E = 0.01 and E = 0.03. Fig.2 and Fig.4 shows the mean velocity for
air increases due to more cooling of the vertical permeable wall by the free convection currents when E is constant.
Physically this can be explained as follows:

In the process of cooling the plate by free convection currents are carried away from the plate to the free stream and
as the free stream is in the upward direction, the free convection currents induce the mean velocity to increase. In
order that these results may be useful for experimental verification similarly when the value of E at 0.03 the same
behavior can be seen which is depicted in Fig. 4. Fig.6 shows that variation of velocity for different negative values
of Grashof number Gr. This means the mean velocity for air is negative and decrease due to more heating of the
plate and increases due to more addition of viscous dissipation of heat. Physically this is possible because the flow
of air moving in the upward direction both near and away from the vertical permeable wall, is now being opposed by
the free convection currents traveling towards the vertical permeable wall and hence the mean velocity decreases.
Thus the mean flow of air is of reversed type when the vertical permeable wall is being heated by the free
convection currents.
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Fig.3 & Fig.5 represents the plot of temperature versus y for different positive values of Grashof number Gr and
Eckert number E = 0.01 & E = 0.03 which shows the increasing due to more cooling of the vertical permeable wall
decreases the temperature from the plate and away from the plate. Similarly an opposite behavior can be seen for
temperature versus y for different negative values of Grashof number Gr and for the Eckert number E = 0.03 which
is depicted in the Fig.7. Physically this represents for more heating of the vertical permeable wall. To understand
the mean velocity and temperature variation for different fluids, which represents the increase in the Prandtl number
Pr which is depicted in the Fig.8 to Fig. 11.

Fig. 8 and Fig. 10 represents the velocity variation for different fluids from air to mercury. For small Prandtl number
(0.71 to 3) the variation of velocity are large for cooling of the vertical permeable wall. For higher or large values of
Prandtl number (Pr>3), the variation of velocity are very less because due to viscous dissipation. Fig.9 and Fig.11
represents the behavior of temperature for different fluids (Pr=0.71 to 7) due to more cooling of the vertical
permeable wall (Gr>0) for different values of Eckert number E=0.01 and E=0.03. From Fig.9 the temperature
decreases near the vertical permeable wall for higher values of Prandtl number for the constant value E=0.01 and the
same behavior can be seen for the Eckert number E=0.03 in Fig.11.

Fig.12 to Fig.15 shows the velocity and temperature for different values of permeable parameter k of the porous
media, for the constant values of E=0.01 and E=0.03. If the permeability of the porous media increases there is
increase in variation for the velocity of the fluid but much variation is not seen for the temperature of the fluids. In

Fig. 16 and Fig.17 we observe the variation of velocity and temperature for different values of viscous ratio 4 due
to more cooling of the vertical permeable wall (Gr>0), with the increase in the viscous ratio there is a decrease in the
velocity of the fluid and increase in the temperature can be seen in Fig.16 and Fig.17 respectively.

From the Fig.18 to Fig.21 gives the variation of velocity and temperature versus y for different values of Hartmann
number M which is a measure of Laurent’s force to viscous force in a finitely conducting fluid. As the Hartmann
number M increases due to more cooling of the vertical permeable wall (Gr>0) the velocity of the fluid decreases
due to an increase of Laurent’s force to viscous force. An opposite behavior are been observed for the temperature
of the fluid for the increase of Laurent’s force to viscous force for different constant values of Eckert number
E=0.01 to E=0.03. Fig.22 and Fig.23 represents the variation of velocity and temperature versus y for different
values of frequency parameter n. As the frequency of the suction velocity at the vertical permeable wall increases
there is a decrease of velocity as well as temperature are been observed and the same is depicted in the figures.
Similarly an opposite behavior is been observed for the velocity and temperature due to heating of the vertical

permeable wall for different values of Pr, A, Mand E.

/ Gr=]3 |

= g Gr=10

Gr=5
———— e —— Gr=10

R _~AOr=15
iz,

/—..-‘A.-_‘:_q

3 : 3 . '

y
Fig. 3: Plot of temperature versus y for
different values of Gr.
(Pr=0.71; M=5; k=0.5; E =0.01; & =0.1)

Fig. 2: Plot of velocity versus y for different values of Gr.
(Pr=0.71; M=5; k=0.5; E =0.01; & =0.1)
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. . ) ¥ Fig. 5: Plot of temperature versus y for different
Fig. 4: Plot of velocity versus y for different values of Gr. values of Gr.
(Pr=0.71; M=5; k=0.5; E =0.03; & =0.1) (Pr=0.71; M=5; k=0.5; E =0.03; & =0.1)
Cr=-1% @
1 (j1:_—.|n ,,l e _—_—___‘—_
’ Fo »
- Ciym-5 f— Jo g
2 v'l' - ’1| - 'I',"-— o
0.t }'v ‘|' N el $
\ A. t . r '
X . ) -
Fig. 6: Plot of velocity versus y for Fig. 7: Plot of temperature versus y for
different negative values of Gr. different negative values of Gr.
(Pr=0.71; M=5; k=0.5; E=0.03; & =0.1) (Pr=0.71; M=5; k=0.5; E =0.03; & =0.1)

' 3 . '

. . y Fig. 9: Plot of temperature versus y
Fig. 8: Plot of velocity versus y for for different values of Pr.
different values of Pr. (Gr=5; M=5: k=0.5: E =0.01; & = 0.1)

(Gr=5; M=5; k=0.5; E =0.01; & =0.1)
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1 3 2 . ,

Fig. 10: Plot of velocity versus y for
different values of Pr.
(Gr=5; M=5; k=0.5; E =0.03; & =0.1)

e,
e s
- B

g

NG
~

K=0.1 K05 N\ N
K=1

~

E=21

.5 i 8 4 : 2.5 )

Fig.12: Plot of velocity versus y for
different values of k.
(Pr=0.71; Gr=5; M=5; E =0.01; ¢ =0.1)

y
Fig.14: Plot of velocity versus y for

different values of k.
(Pr=0.71; Gr=5; M=5; E =0.03; ¢ =0.1).

- SRS — . VYN e

Fig. 11: Plot of temperature versus y
for different values of Pr.
(Gr=5; M=5; k=0.5; E =0.03; ¢ =0.1)

For E=0.1,0.5 1 md 2

Fig.13: Plot of temperature versus y
for different values of k.
(Pr=0.71; Gr=5; M=5; E =0.01; ¢ =0.1).

ForE=0.1,0.% 1 and 2

Fig.15: Plot of temperature versus y ‘
for different values of k
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(Pr=0.71; Gr=5; M=5; E =0.03; ¢ =0.1)

'
Vi ! L
1
| B
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! y Za R e o2
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! N R \ B R Fora=0.1. 0.5 1 and 2
s =01 2=05 SaL
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]
: .
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1
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.00 4
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P‘

N .\ ? ) : ? .‘ .
Fig.16: Plot of velocity versus y for Fig.17: Plot of temperature versus y
different values of 4. for different values of A4
(Gr=5; M=5; k=0.5; E =0.03; ¢ =0.1) (Pr=0.71; Gr=5; M=5; E =0.03; ¢ =0.1)
V., o1
M=5 M=-10 M=15 30 {
e _“;-'___7 - :
ot | M=20
" _~ M=18
| T M0
. NS
N 8 1.5 13 [ ¥ ) ‘\ ? F'y 1 s . “
Fig.18: Plot of velocity versus y for Fig.19: Plot of temperature versus y for
different values of M. different values of M.
(Pr=0.71; Gr=5; M=5; E =0.01; ¢ =0.1). (Pr=0.71; Gr=5; M=5; E=0.01; &£ =0.1).
v 12 " l‘;;
’ M=t M0 peps M=20 !
1.8 7 A ’—f_ iy pr
L i & i.0 -\.
Fig.20: Plot of velocity versus y for Fig.21: Plot of temperature versus y for
different values of M. different values of M.
(Pr=0.71; Gr=5; M=5; E =0.03; ¢ =0.1). (Pr=0.71; Gr=5; M=5; E =0.03; ¢ =0.1).
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1

Fig.22: Plot of velocity versus y for different values of “n”. .
(Pr=0.71; Gr=5; M=5; E =0.01; ¢ = 0.1) Fig.23: Plot of temperature versus y
' ’ ' ' for different values of “n”.
(Pr=0.71; Gr=5; M=5; E =0.01; ¢ =0.1)

Conclusions:-

This study deals with the effect of magnetic field and porosity of the porous media on the oscillatory flow of mixed

convection in a semi-infinite vertical porous wall. Using the double regular perturbation technique, the governing

equations are transformed into a set of coupled linear ordinary differential equations in the non-dimensional form

and these equations are solved numerically. The results computed are good approximation with the existing results.

The numerical results are presented to analyze the mass flow and heat transfer characteristics of the fluid under the

influence of various physical parameters present in the problem. the following conclusions can be drawn from the

study:

1. Anincrease in the strength of the magnetic field is to decrease the velocity of the fluid flow and this may be due
to increase of the Laurentz force on the fluid particles.

2. When the values of the Prandtl number (0.71 to 3) the velocity variation is large but for the large values of
Prandtl number (Pr >3), the velocity variation is very less.

3. The flow velocity increases with an increase in the porosity of the porous media but the dependence of this
parameter on temperature is weak.

4. Velocity is increasing function of Grashof number but the trend gets reversed in the case of temperature.

5. It is observed that the velocity and the temperature are both decreasing functions of the the frequency of the
suction velocity.
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Appendix:
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=—-02, B, =902,B3 =961,B4 =960, B,; =046 ,B;;, =043,B;, =067 ,B;3=959+956y, B, =059,

Kj :—Pr(lra—Mj, K, =-in+Pr,L; =291, L, =-2(g1+1),9261=—(g21+ 922+ 923+ g24+926),
9301:BPrg13,91: Z—Gr q2_BPT 43— —ZB(gl+l)R2 | 4:BP;gl+QZGr’
K4 Pre—Pr-K; In R, -R, — K, Pre—Pr-K2
95= ZQZGr 1g6=F1A 47 _(g3+g4+g5+g6), g701= K,(gl+1)? —PrR2 (gL+1),
R,2-R, —K, K,
08 = g12(K, —Pr?),
701 g8 g9
9= 2K, gl(gl+1)+2glPr2 R, (gl+1), gl0=—— 97 q19- 9% 415 :
) s 1(oL1)+ 201Pr° R, (g1+1). 0 aRZ 2R, i’ P2 T (R, 4 PO _PHR, + P
ng=_—L1,gl4:2#,ng:—(glO+gll+ng+gl4),glG=—Gr915,gl7=—GrglO,ng=—Grgll
Pr RZ-PrR,
gl9=—Grng,gZO=—Grgl3,ngzzg$,922zzg—17,923:#,
Pre—Pr-K; 4R, - 2R, —K; 4Pr°—-2Pr-K;
_ _ 2
42— 2 919 25— 2920 26— 2Pl o -BPPgIS
(R, +PN? —(R, +Pr)— K, Pr2—Pr-K, (pr?—_pr_ Kl)z Ky
—_ p— 2 —
426 ZZBPrRZglO 920~ 2BF2>r LR BIZr(R2+Pr)ng g3l—_BPr g13,
4R," -2PrR, +K, 2Pr'+K, (Ry +Pn*—Pr(R, +Pr+K,
932 = —ZBPrR2g14 33— —22K3g7(gl+1) g34= —22K393(gl+1) ,
R,> —PrR, +K, (R, +Rg)2 —Pr(Ry +Rg) + K4 4R,2 —2R, Pr+ K,

320



ISSN: 2320-5407

Int. J. Adv. Res. 8(06), 308-321

935 = -2K304(g91+1) _ —2K;95(g1+1) 7_ -2K;06(g1+1)
(R, +PP2 —Pr(R, +Pn)+K, (R, +R,)2=Pr(Ry +R) + K, R,2—R,Pr+K,
B 2K; 0197 B 2K; 0193 _2K;g491
g38= 7 939 = 7 ,040 = > ,
(Rg +Pn°—Pr(Rg +PN+K, (R, +PnN° —Pr(R, + P+ K, 2Pre+K,
~ 2K, glg5 2K, g6 gl 297K, 293K,
g4l= 7 942 = ,943=— QM=%
(R, +PN% —Pr(R, +Pr+K, 4 Re> —PrRg +K, R, —PrR, +K,
945:294K3’g46: 22g5K3 qa7_296Ks 4o 2Pr§e2Reg7(g1+1) |
Ky R,“—PrR, +K, Ky (R, +Rg)* —Pr(R, +Rg) + K,
949 = 2PrR2293(gl+1) B 2Pr? R, g4(gl+1) B 2 PrR, R, g5(g1+1)
4R,2 —2R,Pr+K, (Ry +Pn2 —Pr(R, +P+K, (R, +R,)2—Pr(R, +R,)+K,
452 - -2 Pr’ Rgg7gl . -2 Prgl R, g3Pr 4 —2Pr¥glg4
(Rg +PP2 —Pr(Rs +Pr+K, (R, +PR2 —Pr(R, +PN+K, 2Pr2+K,
_ 2
g55 = 22Pr g5 Ry gl Lg56=93 g57- 9312Pr 958 = (927 + 938+ 942 + g45+g301)

059 =(g29+g40+ g54), 960 =(g28+g34+949),g61=(g32+9g37+944),
062 =(g30+g35+g39+9g50+g53), g66 = (g41+ g55), 963 =(g33+948), g64 =(g36+g51),
B Rg 9261

65=(g38+g52), g68 =
965 = (g38+952) R R, K,

967 =—(g58+ g59+ g60+ g61+ g62+ g63+ 964

9 Bg21 Pr—Bg25-Gr g58 g70

~ 2Bg23 Pr-Gr g59

+0g65+ 966+ g46+ g43+g47) " Pr’—Pr-K, 4Pr*_2Pr-K,
071=Bg25 Pr-Grgs6, g72= 20922 Re“Cro80 7, | 96761 g5 BO24(R, +PY-Cr g6z |
4R," —2R; — Ky Rio” —Rio—K; (Ry +PnN° (R +PN-K,
-g61 Gr —-Gr g63 —Grg64
g75=— ' g76= —9 977 = —Crg |
R" —R; —K; (Ry +Rg)” —(Ry +Rg) —K; (Ry +Ry)"—(Ry +Ry) - K,
q78 —-Gr g65

(Rg +PN2—(Rg +PN-K,

321



