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Possible similar solutions of unsteady free convection laminar power law
fluids flow past a porous vertical wall have been discussed by group trans-
formations. It is found that if the wall temperature and suction velocity
vary as #, then the similarity solution is possible. For the wall temperature
varying as exp (pi) and suction at the wall constant, the similar solution
does not exist (in case of power law fluids flow), p being a constant.

NOTATIONS

= distances parallel and perpendicular to the wall
velocity components in x-, y-directions

time
a

Z, 9
]
t
g = acceleration due to gravity
B
v

,

= coefficient of volume expansion
= coefficient of kinematic viscosity
p = density
D¢ = pressure
7,7 1aud 7', = temperature and cquilibrium temperature res-
pectively
k = thermal diffusivity
P, = Prandtl number
L = reference length
Y, t, u, v, T, pp = dimensionless quantities for 7, {, @, &, 7', Po

Vn—l
h = Zm = constant
2 = flow behaviour index with » = 1 for Newtonian
fluids flow

p = f2/B; = constant
— vy = constant, suction velocity at plate

=L
N = \/i’ & parameter
F, 0 = functions of 5
f1, f2 and @ = functions of ¢ and y respectively
g, N, 79 = rate of heat transfer, Nusselt number, skin
friction respectively
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%y, %2, &3+ o, P1, Bas .
y, Ag, 0y ..., by by, by ..., | = certain constants
A D

INTRODUCTION

Recently Na (1964) has used the group theoretical methods to find the
similar solutions of the flow of power law fluids near an accelerating plate.
Two groups of transformations have been used and similar solutions are
deduced. Possible similarity solutions of unsteady free convection flow past a
vertical plate with suction has been discussed by Nanda and Sharma (1962)
in the case of Newtonian fluids How. Two possible cases have been found by
them,

In this paper, the method of Na (1964) has been extended to the problem
of Nanda and Sharma (1962) if the fluids flow be non-Newtonian. Tt has been
found that, in this case, only one class of similar solution is possible. It has
been shown (Nanda and Sharma 1962) that when the surface temperature
varies as some power of f, the suction velocity varies as #. It has been
shown in the present study for the power law fluids flow that for similarity
purposes both the wall temperature and suction velocity must vary as #%,
However, if the wall temperature varies as exp (pf), similar solution is not
possible, where p is a constant.

Basio EQUATIONS

If we consider the Z-axis vertical along the plate and F-axis perpendicular
to it, the basic equations which describe the unsteady free convection laminar
flow of power law fluids are

4520 = gp(T— )+%{I%‘,I%—Z} e
aaf/f ,l,aaf" P &)
%ﬂ?ﬂ%: %f}? O £
0. O )

‘We introduce non-dimensional quantities

7/ = §/L, t = vi|I2?, u = @Ljv, v = '5L/v}
= gBLY (T —Ty)[v?, py = Pol?/pv®.
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Equations from (1) to (4) are then reduced to

ou on 0 ou |? -

5.E+Q)—§%-/_._T+h—a—é;{ @\} .. .. e (6)
»_ _ (7)
o oy '

oT oT 1 27

-é;-{-vé!—/——:—r:a'?/? . . . .o P (8)
ov

where Py is the Prandtl number. Using the boundary conditions for #, we

find that —gﬁ is positive inside the boundary layer and thus we have substituted
Y
!
h= T = constant.
The boundary conditions are

y>0, i<0:u=v=T=0
y=0, t>0: u=0, v=—uvg fi(t), T=f2(t)} (10)
Y=00,t=>0:u=0 T=0

where fi(f) (¢ = 1, 2, .. .) is a function of &.

In a thin boundary laver, the pressure gradient at the wall is small.
Thus, from equs. (7) and (9), we take for v, as varying with time or a constant
quantity.

SIMILARITY SOLUTIONS

Following Na (1964), we introduce two group transformations to find the

similar solutions.

(1) Linear Group
Substituting one parameter group of transformations
t =A%, u= A%q, v =A%, y = A%g, T = A%T, .. (1D

into egns. (6) and (8), we have the following relations between g, @ = 1,

2, 3, 4, 5, for the invariance purposes

Go—oy = dpFag—oy = 05 = n{Xo—y)—ay (12
og—0ty == d5+0‘«3—¢4 = as-—-Za‘ )

where a,, oy, ...and 4 are certain constants,

Thus for n # 1 and n = 1, we have

a o o o
“2=_2}=“3=_"21'3“4="2!s°‘6=""2‘]‘ . .. (13)



SOLUTIONS OF FREE CONVECTION LAMINAR POWER LAW FLUIDS FLOW 265

and

Vi ViVt Vi a4

Thus the absolute invariants for this group of transformations are

— Y
n—ml
¢

u = Fn)tt .. . . .. .. (1)
V= '—vo-’.é J
T = §(n)#t
Using equations of set (15) into eqns. (6) and (8), we have
hnF'®-VF" 4 F (g+vo)-éﬁ’+a=o N ¢ 1))
Loye (ﬁ+v)+n—o (17
P: + 2 (1] = U. . .o .o )

The boundary conditions for ¢ > 0, give
n=0: F=0,0=1
p=0w:F=060=90

Equation (17) is independent of n and its solution can be easily obtained
either in parabolic cylindrical function or in series. The constant « of Nanda
and Sharma (1962) in our case is —%. Nanda and Sharma (1962) have solved
above equations in terms of parabolic cylindrical functions as well in series
for large «. For n # 1, it would be difficult to solve eqn. (16) in series due
to first term. However, if n is large, the first term in eqn. (16) is dropped as
F’ £ 1 and the approximate solution is obtained, relaxing one of the boundary
conditions. ]

We solve eqns. (16) and (17) in series in terms of 7at n=1. If Pr=1,
we have on solving eqn. (17),

(18)

O=dmys .- - .. .. .. (19)

: 2y
y1 = exp { -5~ —gl’}
and #(7) satisfies the equation

% [(§ vﬁ)_von__n2] _
mtlli-2) - -Tele=0 - - (20)

To solve eqn. (20) in series, satisfying the boundary conditions, we
assume

where

(ﬁ = l+al1)+a2772+a37;3+a41)4+ . .o .. - (21)
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Substituting (21) into (20) and comparing the various powers of 5, we have
the solution in terms of a4, as

B . v 1 B
¢ =1+a, l:"l’}'g 1}3+4—8 nt+ (390+ «)0) 7o+ .. ]

”0_’7 1) ey (o 2B 29
+ Ty +( +192) 7 +(4%{)+]60)" + . .o (22)
2
where we put, B = %o _ z == constant, for convenience of calculations.
The rate of heat transfer from the wall to the fluid is
o7 kv N v
= - — 1 — - .. . 2y
() = e (% -a) (29
and the Nusselt number can be expressed as
J\r-_--*:—qu—_—~=i'%(%9_al). e
k(Tw‘Tao) -

Thus the undetermined constant a; in eqn. (22) is known in terms of
the rate of heat transfer from the wall to the fluid and the Nusselt number,

It would be difficult to solve eqn. (16) for general value of n. However,
ifn=1,let

2
F = (byg+by?+bym+boyt+ . .. ) exp (_% -?’g”). . (25)

Substituting the series (19) and (25) into eqn. (16) and comparing the various
powers of » to get the constants b;, we have the series solution as

773 a3 B 2 2
F= Yo L/ A 3 _ " , R
[ (n+ +355 +) 7 2+...]9xp{ g

6 12 2
(26)
The skin friction at the wall 7, can be easily seen directly proportional to
the constant by, in terms of which other constants by, bg, . . . are determined.

(2) Spiral Group
Another one parameter group of transformations is chosen in the form
=14B1b, u = ePeliy, y = Paby, Y= eﬁ4bg, T = PsbT, .o (27
where B, By, ... and b are certain constants. Substituting equations from set
(27) into eqns. (6) and (8) and equating the various powers of e® on both the
sides, we have for invariance purpose
Be = Bo+Bs—Py = s = nlBa—P1)—Bs . .. (28)
Bs = Bs+Bs—By=P5—2Bs. .. .. .. .. (29)

Thus for # = 1, i.e. Newtonian fluids flow, we have

BS Bz: ﬁs 54 = 0. . . .o (30)
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Hence the following relations are established

[ T Tl - _
ﬂpﬁ“;’giﬁ=(;i‘t“v’y—y .. . .. (31
where p = BBy = constant.

Thus the absolute invariants are found 1o be

u = F(y)e??, v = — v, (const.), ' = G(y)ert. .. .. (32)
The suction velocity at the wall is constant and the wall temperature
varies as e?* which was concluded by Nanda and Sharma (1962) and several
papers have appeared for this class of transformations to Newtonian fluid
flow.
For n £ 1, we have from eqns, (28) and (29)

Bz=193=/34=ﬁ5=0~

Thus the determination of absolute invariants in this case is not possible
and the similar solution does not exist.
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