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This paGr relates to the steady flow of an electrically oonducting incompressible viaoous 
fluid between two parallel coaxial rotating discs with a tranaverse magnetic. field when the disc8 
are rotating in the same direction with the same velocity and there is a source at the centre. 

In the present article the hydromagnetio soarce flow of a viscous, incompressible and 
electrically conducting fluid between two parallel coaxial rotating discs has been analysed 
An analysis of the velocity distribution has been made when there is a constant magnetic 
field of strength Bo in a direction perpendicular to the discs. The analysis is limited to the 
case of small magnetic Reynolds number. Similar problems of source flow for the non- 
magnetic case have been recently studied by Kreith & Peubel'a, Khans, Breiter .& 
Pohlhausen4 and Geiger, Fara & Street5 when the discs are rotating with the same velo- 
cities and by Kreith & Viviand" when the two discs are rotating with different velocities. 
Such type of analysis may h B  applicakious in design of viscosity pumps7s8, rotating 
heat exchangers9 and air thrust bearinglo. 

F U N D A 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 O N D I T I O N S  

Let us take the axis of rotstion of the two discs as z-axis and let the two plates be situated 
at; = f a. Consider the flow of an incompressible fluid between two parallel rotating . 

discs with a source a t  the centre. 
- -  - 

The goveping hydromagnetic equations in cylindrical polar coordinates (r, #, z) are " 

and the equstios of continuity is 



where u, v, w denote, respectively, the radial, transverse and axial components of veiocity, p 
denotes the fluid prmure, B,, the strength of the uniform axis1 magnetic field, a the electri- 

* 

cal conductivity, v the kinematic viscosity of the fluid and pits density. Prom symmetry 
of flow all quantities are independent of 8. J 

If the two discs rotate with angular velocity w  and the strength of source is, Q, the 
boundary conditions*are , - 

u = o  1 e 

- - 
at;= & a  (5) 

w = O  

' - 4 4  

Appropriate dimensionless variables are dofin2 by the following relations : 
- - - - - - - 7 

, r = 6/1/vIW, z = Z[~/Y/(W, oc = OC/+, v = B / q v w ,  CD = ~ / 2 / v o ,  p I 2 p v w  ' 
In terms of-these 4imensionless variables, equations (1) to (4) become 

and the houndibry coditions become 

1 'tC = 0 '4 

10 = 0 
-- 

J 
+a - 

r .  [ u d z =  K (12) 
- --a 

where 

S O L U T I O N  Ol? T H E  P R O B L E P  

Applying 1)oundary layer approximdtions, tlie above system of equations reduces , 

au v2 '11 --. - - +w_--= au - -+  2p -- 8% Mu 7 a* r c 2 6r &a (13) i 
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It is convenient to introduce the non-dimensional tangential velocity V relative to the 
discs instead of v which is the non-dimensional tangential velocity in the fixed system of 
coordinates. f 

\ v =v. (16) 
One then obtains -. 

and the boundary conditions (11) then become 

u (r,  4 d )  = 0 

V (r,  f d )  = 0 

Assuming that the velocity of the fluid relative to the discs is small so that the quadra- 
tic terms are negligible (this condition is well satisfied for large radii), we obtain from 
equation8 (17) and (18) - 

In  these equations aplar does not depend upon z because of the boundary layer assump- 
tion that the pressure does not depend on z.  The unknown w dws not appear and so i t  is 
possible to solve these equations separately; w can be determined from the equation 
continuity. - 

Eliminating u from equation (20) with the help of equation (21), we get 

where 

Solving equation (22) and applying the boundary conditions, we get 

v = A1 oosh (m) COB (Pz), + BBS 8inh ( m )  sin (pz) + Fl ( r )  (24) 
= Aa ash (w) a s  ( F z )  + Ba sinh (az) sin (Pz) + F8 ( r )  (25) 
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and 

X, = w h  (ad) cos (M) 
X, = sinh (ad) sin (v) 

The factor F(r) is determined by the condition that the mass flow between the discs 
is constant for every cross-section r-constant. Let the strength of the source (measured by 
volume) be Q. The flow through tl surface r=constant extending between the discs isgiven 
by equation (12), i.e. . . 

- 

. i.;. = K .  
-4 

Substituting the value of u and integrating, we get 
/ 

K =%(ApK3 + & ~ 2 + ~ a d )  (26) 

where 

Substituting the values of As and Bp in equation (26) and eimplifving, we get 

1 
K = ~ ~ [ F ( T ) {  (KlE,+K,K5) 7 ----(Kl& + KaK6+d) r ] -  

2% 
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SP where 

From equation (27) we find th'e function F ( T )  

F(r)  = K / 2r Cl + C2 r /Cl 
where 

For the npn-magnetic case, i.e. when M = 0, equations (24) and (25) reduce to 

V = ~ [ ~ , s i n h  z sin z t B3 cosh z msr - 1 
r I 

where ", 

i A, = 2 sinh d sin d 1 < cosh 2d + cos 2d 
1 

B, = 2 oosh d cos d / cosh 2d + coa 2d 

These results agree with those obtained by Breiter & Pohlhauaen4 if the latter results are 
made dimensionless using our substitutions. 

D I S C U S S I O N  

Curves have been drawn showing the variation of non-dimensional radial velooity u 
and the non-dimensional transverse velocity V relative to the discs with a. The conqhnts 
appearing in the values of u and V have been assumed to be . 

M = 0 . 5 ,  d = 1 ,  K = 3, T = 10 
From Fig. 1 it is seen that the value of u is zero at the discs. It increases rapidly as the 

non-dimensional distance from the plate increases from 0 to 0 . 2 .  It attains its greatest 
valueatz e -&O-8. Thevalue then decreases rapidly and attains almost zero value in 
8 region midway between the two discs bounded by the planes z e 0-1. 



Fig. 2-Variation of u with t. Fig. 2-Variation of v with z. 

The pattern of variation of u with z; for the magnetic and non-magnetic cases is almost 
the same. The effect of magnetic field is to increase the velocity. This effect is greatest at 
z & f 0.8. 

From Fig. 2 we see that the value of V is always negative. It is zero at the discs and 
increases numerically as the non-dimensional distance from the discs increases from 0 to 
0.4. The increase is then gradual till it is almost conaL,ant in the region bounded by the 
planes z f 0.2. 

The effect of magnetic field is again to increase the velocity and the pattern of variation 
of V with z for the magnetic case is the saqe as for the non-megnetic case. 
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