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The motion of a power law fluid past a suddenly accelerated wall whiqh moves with a oonstant 
velocity U (t) parallel to the wall has been oonsidered for thepimilarity tbnalysis. Reaently this ' 
problem has been discussed and two possible group of transformation have been used by T.Y. Nal. 
In  this paper the third possible transformation has been found. The variation of the wall 

-velooity U (t) with time, t, has been worked out. 
, 

N O T A T I O N S  

. t = time - - 

p = coefficient of viscosity 
w = coefficient of kinematic viscosity 

U(f)  = velocity of the plate 

(ij = components of the deviatoric stress tensor 
eij = strain-rate components * 

k , ~  5= consistency and flow behaviour indices 

I ' a, al, a39 B* I%, & 
= certain oonstmts 

A, By b, m, ai, BS J 
g,q = independent similarity variables 

p,q = certain constants in ternis of 
q,m2 = constants in terms of pi 
FP = function of q 

Pp = function of y 

b, = function of f 

The power law fluids have been found 6f great interest in Chemical Engineering and 
Technology and their flow properties have been discussed in detaill-9 Such fluids satisfy 
the rheological equations-7. 

n-1 

(1) 
Z=l m=1 

where 



are the strain-rate;. components, (%, 4c,, %) are the velocity components, <g am the 
oomponents of the deviatoric stress tensor, k and n are usually called the consistency and 
flow-be%vior indices respectively. 

this note, we consider the flow of such fluids past a suddenly accelerated wall 
*hioh moves with a constant velocity 77- (t) parallel to the wall. We select $;-axis along 
the wall and y-axis perpendicular to the waH draimi into the fluid. It ia the purpose of this 
note to find the inoatiants and the forms of Er ( t )  for which similarity solutions exiat. 
Let [tt (y, t) ,  0] denote the components of velocity a t  time t at  a dibtance y from fhe 
plane. (Pkg. 1) Thus the boundary layer equations are reduced to 

aP OZ-- 
a Y --- (4) 

The equation of continuity is satisfied from *he foms of 'u and o, we h& 4~0te .d  

From (3) and (4), is a funotion of time or constant. We consider the caselbtm$here 
dX 

is s pressure gradient a i d  so the simplified equation can be writtins as 

Pig. 1-Vhtion of wall velooity with time. 
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" with the boundti* didit&s 

g = Q  : u = U ( t )  for t > O  

y = oo : u = o for all v a l u ~  of t (6) 

- 
Nal has considered a semi-infinite body of non-Newtonian fluid, bounded on one side 

by a flat plate, which is initially at rest. At-time t=O, the plate is set in motion parallel to 
itself with velocity U (t) .  The desirable forms of U ( t )  have been found in reference' for 
which the similar solutions are possible. TWO group transformations ( i )  t=A4 6 g=Aas & 

= Aar 6 and ( i i ) t  =t + & b, y = ePah @, u = &sa , are selected where a;, i  = 1, 
2, 3; / j j ,  j =. 1, 2, 3; A and b are certain constants. It has been shown that for similar 
solutions, the wall velocity must vary as ( 4 )  U (t) = el tm, (i i)  U (1) = q e C(~+l)l(n-l)lpb 
respeotively where q, os, vra, n and q are con~;tants. 

Two possible oases have been found by Yen Nsl and t i ird has been found in this wte. 
It has been shown here that oase I of Na' is a particular oase of the present note. Case II 
of Nal is also obtainable from the third case. 

S O L U T I O N  O F  T H E  P B O B L E M  

Case (i)  
t One parameter group of transformation is chosen in the following form 

where a%, as, % , A and B &re certain constants. Substituting from (7) into (5),  equating 
the powers of A on both sides and defining m and b by 

we get the following relations between b and vra 
I + ( % - l ) m  b =  -- 

% A . 1  

From (7), we easily find that 
Y ----- = - Y 

( t + B I b   BY 

Thus the absoIute invariants , are 



42 ?SIP, sBI, J., VOL. 20, J ~ ~ b b ~ ~ , 1 9 7 0  : - . 
? 

where na is an arbitrary constant. Substituting (12) and (13) into (61, we get w 
I - n-1 

(14)  ' 

whioh i.s equation 7 of Nal. 

Thus for the similarity solutions, the wall velocity is 

W t ) = o , ( t + B ) p  (16) 

since the reduced boundary conditions are 

1 = 0 ; for. t g o  

9 = co ; _E", 7 0 for all vaiueu of t  (16) 

~ $ 0  ; F m = O  for t t O  

3'0r m=O and ~ $ 1 ,  this reduces to solutions of Bird8 and Wells@. h r  ,B=O, we get 
case, I of Nd and heating starts at time, t=O. Thus case I of Naz is a particular: aase of 

- the present discussion. Replacing B by A, nz by a, E'm (q) by P' (q), we get the awe I of 
NrmdslO. 

- -  - 

Case (ii) 

. ~ h ;  second group of transforttiations are - 
14 b -  a b -  ~ * b - -  t = e  t , y = e  y,u=e a (17) 

substituting (17) into (5),  we get the similar results as in case I of NG. In fact t4e above 
transformations are particular forrns~f $==A% f eto. of Nal. 

- 
\ 

Cme (iii) 
, d 

The following transformations are selected - 

substituting (18) into (5) and equatiwhe powers of $ on both sides, we get 
. ' .  

& = w % , - & ( f i - I - 1 ) + P  (19) . 
For the NeMonian fluid, a=l, we gef. &=0 if k=O.. Xn this case the absolute invarisnts 
are found as in Nal viz., 

? - / 
U 

\ - -- 11 - <  T 
eR. (26) 

where 

- P =*?*/PI 121) 

11 - <  - 
eA. 

where 
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.- -- -- 
U 

( 9 )  = 7 (22) 

; TBos the oqbation (5) from (22) gives 

@PP -_ -  P *$ = 0 
d?P v 

(23) 

which is equation 1'2 of Nax 
If n, # 1, WB get from (19) 

A b - 1 )  + B= b+ 1) @=a 

where m, .;r B 3 P  

For p c. 0, we get case I1 of N.1 and the absolute invariants are 

where Q &\!$I (27) 

and from (2&), (26) end (6), we get 
I 

which is equation 18 of Nal 

Replacing a, @ r1 (?) , IP (@+ l )  by m we get case 11 of Nanda (reference 
( @ -  1)  

2, eqn. 21). 
C O N C L u a I O N  

The tmfomat ion  groups discussed by Bird et ol? ere the particular cases of case (iii), 
eqn. (18). For & = @, we get case I of reference 7 and case (ii) of the present note. For 
p = 0, we get case 11 of reference 1. Por 8, # 0 and /? # 0, it is coneluded after calculations 
that the absolute invariants cannot be found. 
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