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The flow of a viscous, inoompressible fluid between two parallel porous disks when the lower disk is rotating 
end the upper disk is at rest has beenahdid. The ml&w $tained kvillid for small values of wall Reynolds 
number. 

. - 
Recently Elkouh' studied the laminar source Bow betweep gh&us di&s for s&& wall Reynolds 

number. The solution obtained. therein is in the form of aperturbation from the creeping gow solution. 
Ia this paper an effort has been made'fo extegd-the-problem tu&~d&y.-Elkouhl to the case when the lower 
disk is rotating and the upper disk is at rest. 

- .  

Similar source flow problems have also been studied- pevimslp-6.-- - - - - - - - - --  " 

- e .  

F U N D $ M E N T A L  E Q U - A T I O - N S  A - N D - B O U N D A R Y - C Q N B I - T I O X S  

fret us take the axis of rotation of the disk as Z-axis and let the two disksbe situated at  ?j = f a. Consider 
the flow of an inoompreqsible *idhetween a rotating w d  ta fiqed porotis d i ~ k  with a source at  the centre. 

- - -- - - - - . - - _ _ -  - -  * -- -- _ ---- - -  ,. - 
The governing non-dimensional hydro-dynamic equatio~s of motion in cylindrical polar coordinates 

are - - - - 
A 

and the equation of continuity is - - 
- 

a 9 - a r (ru) + ~ ( r w \  = O., (4) 

where the non-dimensional quantities are defined as 

Let the lower disk ba rotating with angular velocity w and the strength of the some  be Q. The boundary 
conditions are - - 

z a = ~ R w  a t z = f  1 ,  (5) 

and - - 

2Re 
U ~ Z  = - 

9' 
+ R w ,  

> - - -- 1 



where 

o a a = Rotational Taylar n u m k  F= - 
v 

Q Re = Reynolds number = - Val 
4nva 

, Rw = Wall ~eynolds number = - and V is the magnitude of 
v 

the oomtant injection velocity a t  the two dish. 

8 O L U T I O N  0 8  T H E  P R O B L E Y  

Let UEI d e h e  a stream function 11 as 

1 a l l  w e - -  1 ;# 
,@I=- -- 

r a z  r a r  

For small values of Re/ P, following Ekouh', let 

Re 2 Re 3 - .. 
w = - R ~ f - ~ ( z ) +  [ z ( ~ )  f i (+) -+4  (7) f 2 ( 2 ) 4 -  - (10) 

1 
p =  - r ~ ~ w h - ~ ( z ) + h ( z ) + + ~ e [ h ~ ( z ) 1 0 g r + ( $ ) h ~ ( ~ ) +  4 ( $ - ) 2 h 1 ( 2 ) +  . .* ] ,  (11)  

where prime denote differentiation with respect to z. 

Substituting the d u e s  of u, u, w andp from (8) Gb-(11) in(1) to@) e p t i a g  terms of like powers of 
r on both sides, we get as infinite system of simultaneous ordinary differential equatiom, The first four 
systems are 

System I 
I 

g"-l $Rw ( f - l g ' - l - f ) - l g - J  = 0 9 
,. 

. - 

h',, = 0 - - -. 
r -  - 

system II . 
T' 

x+ RM(f-1 R-29-191) -=  4 
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System I V 

2 
A;- =- - f f 2  Re- + 2 (% ) (f-,f; + s f t - 1  f$)* - - - 

Por s~ l lva lues  of Rw, let us expand hhe function&, gn tind ha in awend'i powers of Rw as follows : 
06 

f* = 2 ; = 2 Rw; *nil b = 2- ad h ,  i . - (12) 
ii.0 i a o  i = O  

L3obstituting the expressio~s (12) into thasIp&e* of differential equations I to IV, we get on equating 
the ooeffioients of like powers of Rw, another infinite sets of equations. On solving those differentid equations 
under the boundary oonditio~s (6), we get . 



34a - 
g-I= -5- 16 - 

6 a  252 a ^ -: - -- 
8960 --I 47040 + z .  r -  1260 

- 

106a 
1440 13440 

506a 41 a 1061 a 
2240 ) + ' { 201600 

*- 
- - - -- - . - - ' , . 

-5- 
(17) 

3 a  - a 7 a  
-26-  -d+ - 91 a 

40 8 40 E-5a] 8 +Rw2 [ M3200 1- 

63 a 693 a 315 a 937a - 321 a 223a ' 
- -- 

31360 ' - 23520- -' + 16800 A 11200 .. - 6720 3160 d + - 2" --24- --- 28 - 
. - 

- 559 a 
--' 202275Ba- - - 249375 -.% - - - -  - -- 

1120 + 111484800 " 470400 (18) 
- - - - - -- - - 

19 a 16 a 15 a 5a  33 a 33 ar 7 a  
280 d -- - 

e 1120 
~ 4 + - # +  - 2 6 -  

-. 
1400 560 - -. - - 3a - - - 301 ; --- - -@--  

280 2240 z8 + zg + 0 ( R W ~ )  , I (19) 
- - 

g6 = 0 + 0 (Rw) i - (20) 
- 

 or a 5; 0) the above results reduce to those obtained by Elkouhl. - - - 
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2 P 

Fig. 1-Variation of 108 fb-, (z) with z for Rw = 0.5. Fig. 2-V~~iriafion of 108 f ;  (z) with z for RW = 0.5. 

D I S C U S S I O N  

Curves have been drawn (Fig. 1 and 2) showing the variation of f ',, (2) and f ', (2) with z for ct = 0 
and ar = 1 when Rw = 0.6 and Re = 10. We see from Fig. 1 that the effect of rotation is to increase 
its f'- (a) value near the two disks and to damp it in the region z * (- 0*6,0.6). Again from Fig. 2 
it can be easily seen that the effect of rotation on f ',, (z) is to increase it for all values of z. Since Re/+ is 
small, we may conclude that the effect of rotation on the radial velocity is to increase it near the two disks 
and to impede it in the region midway between the two disks. 

Similarly, from Table 1 we infer that the effect of rotation is to increase the transverse velocity. 
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