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An attempt has been made to study the stt%dy laminflflow of a, viscoua incompressible electrically 
conductbg fluid between infinitely long concentric rotating porous cylinders under the inBuenm of 
radial magnetic field. A solution has been o,btdned under the assumption of uniform conditions 

\ 
- along the axis of the cylinders. The cylinders being pornus, a hyperbolic radial velocity distri. 
bution has been superimposed over the ciroumferent~al velocity reduced due to rotation. There 
is a Bernoulli-type pressure variation in the radial direotion. ~ f : e n  theinner oglindetis a t  rest, 
the shearing stress a t  i t  and the torque transmitted to  i t  decrease as R ( =v,y,/v = v,y,/v) increases 
andthe megnetic parameter h (=4uptAP/p) will Mther  decrease them. 

Couette first obtained the exact solution of the Navier-Stoikes equations for steady 
lamillwr flow of a viscous incompressible fluid between two coaxial rotating cylinders. 
Sinha & Ghoudharyl have discussed the same problem with uniform radial velocity 
imposed at  the surfaces. They have also shown that R = -2 is a critical value a t  which 
the results take indeterminate forms. This diiliculty will not arise when the magnetic 
field is present and that is why we have discussed the fnagnetohydrodynamic fl om in the 
present payer. The present problem is tre:,ted for radial magnetic field A/y, where A is a 
constant and y is the radlal distance from the 8x.k and the solution obtained agTees with 
all special cases heretofore available. 

The case when the inner cylinder is a t  rest and the outer rotates has some practical 
importance. The circumferential velocity distribution, the shearing stress a t  the inner 
cylinder and the torque transmitted to it deorease as R increases and the magnetic para- 
meter X will further decrease them. 

N O T A T I O N S  

(y, 4, x) = cylindrical polar coordinates 
(v, w, u) = radial, az&utha~ and axial velocity components ! 

p = density of the fluid 
v = kinematic viscosity 

y,, yr = radii of the inner and outer cylinaers 
a = eleatrical conductivity of the fluid 

p, = magnetic permeability - 

B, = electromagnetic induction 
4a pea Aa 

h = magnetic parameter = 
r" 

vl, v2 = cros8-BOW velocitie~ at  the walls of the inner and outer cylinders 
w,, o, = angular velocities of the inner and outer cylinders 

p = pressure 
e5a 

/ 
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V l f h  B = - - - - . - - -  - v2y2 - cross-flow Reynolds number - ., 
v v 

,# , - 17 =. dimensionless y coordinate = -" * , , . A  :- , 
+ i Y l b  ! 

Y2 k =  - (>  1 )  
Yl  

B A S I C  E Q U A T I O N S  

The equation of nlotion for laminar flow of an incompressible, electrically conducting " 

fluid is, in the usual notation, ' . . . ,  s . .  
- 5  + I 

A 4  ' +  $ S .  
= - g r a d ~ * + . ~ V ' V  + ' ( J ' x B ) ,  , "Dt i * * L (1) 

4 -t , . 
where J and B are given by Maxwell's equations and Ohm's law. 

The equation of continuity is 
% .  

+. 
div V = 0'. t , t a(@)  

Bor steady flow between tm* rotqting cyfind6rs,, the foll6dng assumpbions 
1 I I r are made : 

(a) The total excess charge' density, t,he imposed electric field intensSy, aq<the 
' induced magnetic field are zero (Rossow2) ,, V ,  

4 * 
(b) Electrib1 conductivity ci of the fluid is.wery large so that hhe diaplpw&ent 

current is neglected, , - 
(o) No external electric b l d  is applied, , I & .  q 

(d) A magnetic field of ~trength H,, = Aly is applied in the radial, direction, , 

(e) 26 = 0 , for motion due to rotation only, 
(f) avlax = 0 , for uniform suction and injection throughout the whole lengths, 
(g) 2w/gx = 0 , for circumferential velo~ity produqed due to rotation only. 

With these assumptions, (1) and (2) are eeduced skply to 

a Y 3~ 
(3) 

- <  ap  , o =  - < 

ax : (6) 

av v 
2Y 4 - + y = O  (6) P 

Equabion (6) states the condition of uniform pressure 'distribbtion along the ;xis of the 
cylinders. 

Substituting from (6) into (3), we get, (I 

.? 
i 

ap 
a Y (7) - 



Equatian (7) gives Bernoulli-type pressute variation in the r&dial direction, w M  will 
not be discussed further in the present investigation. 

We now assume that the suction rate a t  one wall is equal to the injection rate at  the 
other. 

Therefore V2Y2 = V I Y P  (8) 

Born (6) and (8), we get 
wy = w2Y2 = V I Y ~ .  19) 

8ubstituting from (9) into (4), we get 

(10) 

The boundary conditions are , L 

and 

bet ue introduce the following dimensionless quantities : 

Y w q =  -,U=- - YlW , N = - .  
YI Ya"a Y2w2 

Fqaation (10) then beconres 

with the boundary conditions O 
* . 

U = N when q = 1 

@ =  I when q = 7c 1 . (13) 

Thd sohtion of (13)Git-h the boundary conditions (13) ia 

(1 .- Nkn) qm + (m - 1) q* * 
U = (km - 7cn) 3 (14) 

and 

When the inner cylinder is a t  rest and the outer rotates 
N = O  

The distribution of circumferentbl velocity for various values of R and h and k = 1.6 " ~hown in 1. It is noted that the cirdexential  velocity at  any point inside thg 
ohannel decreases as f i  ipgwms and A wal fuSuyer decrease it, 

- 
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Fig 14Laumferenthl velooity dhributiion wJy,u, Fig %Shearing st& at  the imer ayluer  
vs I )  = y/yl for various vs1ues of *R and A rip wa vs R when the inner oylinder 
when the inner oylinder is a t  rest. is a t  reat for various values of A. 

The shearing stress a t  the i m r  cylinder is 
7 
i_- - k i (R + + 14 

' P W 2  .(k"-kN) . .  (16) 
The shearing stress has been calculated for various values of R, h and ib = 1.5 and the 
results of calculation have been plotted in Pig 2. From this figure it is obvious that the 
shearing stress a t  the inner cylinder decreasm as Z i  increases and the magnetic'parameter 
Q will further decrease it. 

The torque transmitted by the fluid to unit length of the inner cylinder is 
M i (R  d- 2P + A 14 

2r, @, yza = ' - k (kW - kn) (17) 

, From (16) and (17), we get * 
M 

0 * *  * 

0 

and hence the torque transmitted by the Aa to unit length of the inner cylinder also 
decreases as R and h increase. 

Proceeding to the limit when 8s 0, we get the results of Rammarnorthy.. The 
results of Sinha & Choudharyf are obtained when h = 0. 
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