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A general ized equation is obtained for the distribution of c i rcumferent ia l  velocit ies in 
vor t ices  over a horizontal  orifice.  The computed values of the c i rcumferent ia l  ve loci -  
ties a re  compared with experimental  resul ts  for vor t ices  of various intensities.  

Experimental  investigations of the rotat ion of fluids in vor t ices  [1], twisted jets [2], hydraulic cyclones 
[3], vor tex  chambers  [4], and a tmospher ic  vor t ices  [5] have shown that the central  region of the vortex 
rota tes  as a rigid body, while at the per iphery the fluid rotates  dynamically. 

In the case of a flow which is symmet r i ca l  with respec t  to the ver t ica l  axis, passing through the center  
of the horizontal  drainage orif ice in the bottom, and when the flow conditions are  established, the d i s t r i -  
bution of c i rcumferent ia l  veloci t ies  in the radial  direct ion is described by the equation [6] 

Here, when r _> 1.5d, we have [7] 

v ~ (~), (2) 

where,  for  large Reynolds numbers  k --- 1. 

or in nondimensional form 

For  r < 0.5d we have the approximate equation 

V 
- -  = C O f l S t ,  

r 

Equation (2), when k = 1, 
able to a s sume  that 

v d 
= const. (3) 

r 

and (3) hold as  r --  :r and r - -0 .  Hence, for intermediate  values of r it is r ea son -  

v r (~) 
f _d + a - 

r d 

Equation (4) reduces to (2) when r --  ~, and to (3) when r -- 0. 

To determine the coefficient a we used the experimental results of [6, 7]. 
arbi trary values of a showed that in the range g = 0.15-0.60 we have 

0t) = a (0,825-- 1.087 ~t). 

(4) 

Calculations for various 

(5) 

Using the method of least  squares  and (5) we were able to determine the coefficient a, which had the 
value a = 4. Thus, the equation for  the c i rcumferent ia l  velocit ies in a vor tex has the form 
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Fig. 1. Compar i son  of computed and exper imenta l  values  of the c i r cumferen t i a l  ve loc i -  
t ies  in vo r t i ces  [1) p = 0.2; 2) 0.4; 3) 0.6]. 

Fig. 2. Distr ibut ion of the c i r cumferen t i a l  ve loc i t ies  near  the axis of rota t ion [1) An-  
w a r ' s  data; 2) f r o m  (8)]. 

v 3.30--4.35~ 

Vg-H _ d + 4  __r 
r d 

We find the radius  of ro ta t ion  at which the c i r cumferen t i a l  veloci ty has i ts  m a x i m u m  value. 
this we de te rmine  the min imum value of the denominator  on the r ight  side of (6): 

Or V + 4  = . - -  r- ~ - + ~ - = 0 ,  

f r o m  which r = d /2 .  Here  

Vmax~ - -  0.825--1.087~t , 
t gH 

and 

(6) 

To do 

(7) 

v 4 

Vmax d + 4 r 
r d 

(8) 

Thus, the m ax i m um  veloci ty  for  a given vor tex ,  de termined by (7), is at a dis tance of half the d i a m -  
e ter  of the or i f ice  f r o m  the axis of rotat ion of the fluid. This conclusion is conf i rmed by the exper imenta l  
invest igat ions of Anwar [1]. F igure  1 gives a compar i son  of the values  of v / (gH) l /2  measu red  in our ex-  
pe r imen t s  [6, 7] and computed f r o m  (6) for  s eve ra l  values  of the f low- ra te  coefficient,  while Fig. 2 c o m -  
pares  the values  of V/Vma x m eas u red  by Anwar [1] and computed f rom (8) for  r _< d /2 .  The graphs  show 
sa t i s f ac to ry  a g r e e m e n t  between the exper imenta l  and computed values of the c i r cumfe ren t i a l  velocity.  

V 

d 
H 

g 
a 

NOTATION 

is the circumferential velocity at distance r from axis of rotation; 

is the diameter of drainage orifice; 

is the pressure head; 
is the flow-rate coefficient at orifice; 

is the acceleration due to gravity; 
is the proportionality factor. 
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