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The resul ts  of measur ing  the tangential and axial velocity components in a laboratory model of 
an a tmospher ic  vortex are  presented for  different values of the geometr ica l  pa ramete r s  and 
degrees  of swirling of the s t ream.  

Laboratory  modeling of a tmospheric  vortex formations and the investigation of the i r  hydrodynamic cha r -  
ac ter i s t ics  have a t t racted the interes t  of invest igators  for  a long time. A number of experimental  invest iga-  
tions were ca r r i ed  out fa i r ly  recently [1-6], and now an increase  in interest  and the appearance of many r e -  
ports  on this problem [7-9] are  noted again. 

The resul ts  of experimental  measurements  of radial  profi les of the tangential and axial velocity com-  
ponents for  different intensities of s t r eam swirl ing and for  different distances f rom the swi r le r  to the under-  
lying surface are  given in the present  ar t ic le .  

The scheme of the vor tex gelmrator  is analogous to that presented in [8]. A steady a i r  vortex is c rea ted  
by means of angular momentum through the rotation of a swi r le r  and the convective axial flows generated in 
the working volume of the apparatus (between the deflector  and the underlying surface).  Increasing this volume 
and higher rotation ra tes  of the swi r le r  (from 2000 to 6000 rpm) permi t  an expansion of the range of conditions 
under which the experimental  r e s e a r c h  is conducted. 

The velocity field was measured  with a miniature,  f ive-channel,  spherical  probe, as in [8, 9]. The ex-  
per imental  procedure  and the calculating equations fo r  treating the resul ts  obtained are described in detail in 
[9, 10]. The measurement  e r r o r  was no worse  than 8%. 

In Fig. 1 we present  radial  profiles of the dimensionless tangential velocity component (normalized to 
the f i r s t  maximum at r m = 4.5 cm) (Fig. la) sad the axial velocity component (Fig. lb) for  different horizontal  
c ross  sections of the vortex (the distance to the c ross  section is measured  f rom the swirler)  for  a total vortex 
length l = 23 cm, r m = 4.5 cm, and a swi r le r  angular velocity N =6000 rpm.  In the c ross  section z / r  m = 0.9 
(Fig. la) the profile of the tangential velocity component has two maxima: The f i r s t  is located at a distance of 
about 4.5 em f rom the axis of the vortex while the second is shifted toward the boundary of the vortex (the r e -  
gion of a sharp decrease  in tangential velocity) and lies at a distance of about 8.5 cm f rom the axis. The ex-  
per imental  profi les  of the tangential velocity in [8] have a s imi la r  charac te r .  With an increase  in distance up 
to z / r m  = 1.4 the size of the f i r s t  maximum and the radial  distribution of tangential velocity in the region of 
it hardly vary,  while the size of the second maximum decreases  and its position shifts toward the axis. At 
z / r m  = 2.6 the second maximum of the tangential velocity is absent and one observes  a decrease  in the velocity, 
while the position of the f i r s t  maximum remains  unchanged. This indicates that the boundary of the vortex core,  
determined by the position of the f i rs t  maximum of the tangential velocity, hardly var ies  over the height of the 
vortex in this case. 

The variat ion of the profi les of the axial velocity component (Fig. lb) with an increase  in z / r  m has a 
more  monotonic charac ter :  there  is a general  decrease  in the axial velocity, for  the regions of both the a s -  
cending and the descending (negative values of the axial velocity component) flow. In this case the maximum 
of the axial velocity of the ascending flow is located near  the center  of the vortex while its maximum for the 
descending flow is located at a distance of about 9.5 cm f rom the axis of the vortex, and its position, like the 
position of the ze ro  point of the axial velocity component, does not vary  as z / r m  increases  f rom 0.9 to 2.6. 
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Fig. 1. Prof i les  of tangential (a) and axial (b) ,relocity com-  
ponents for  N = 6000 rpm and l = 23 cm in different c ross  
sections ( z / r  m) of the vortex: 1) 0.9; 2) 1.2; 3) 1.4; 4) 2.6. 
v z, m / s e c ;  r, cm. 
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Fig. 2. Prof i les  of tangential (a) and axial (b) velocity com-  
ponents for  N = 6000 rpm and z / r  m = 0.9 for  different vo r -  
tex lengths (/, cm): 1) 8.0; 2) 13.0; 3) 23.0; 4) 33.0 

In Fig. 2 we present  profi les  of the dimensionless  tangential and axial velocity components for  the c ross  
sect ion z / r m  = 0.9 and N = 6000 rpm for  different vor tex lengths (the distance f rom the swi r l e r  to the under-  
lying surface) .  

Fo r  a vortex length l = 8 cm the tangential velocity profile (Fig. 2a) has one charac te r i s t i c  maximum. 
With an increase  in l the charac te r  of the radial  veloci ty distr ibution changes considerably:  For  l = 13 cm the 
curve has two maxima of about the same size,  while with a fur ther  increase  in the vor tex length to l = 23 cm 
and 1 = 33 cm the tangential velocity profile is t r ans fo rmed  into a curve  with one maximum near  the boundary 
of the vortex column. 

Radial distributions of the axial velocity component for  different values of l are  shown in Fig. 2b. For  
smal l  1 ( r m / l  ~ 1) the axial velocity changes sign twice, forming two regions of descending motion (the central  
par t  and the periphery) and a region of ascending flow (a vortex s t ruc ture  of the tornado type), and with a fu r -  
ther  increase  in l such a s t ruc ture  is retained, s tar t ing with r m / l  ~ 0.5. 

The influence of variat ion of the angular velocity of rotation of the swi r l e r  on the tangential and axial 
velocity components for  a vortex column 8 cm long is shown in Fig. 3. As N var ies  f rom 6000 to 2000 rpm 
the tangential velocity (Fig. 3a) dec reases  approximately l inearly in magnitude while the position of its maxi -  
mum hardly var ies .  The profi les  of the axial velocity component behave s imi lar ly :  With a decrease  in swirl ing 
the maximum values of the axial velocity dec rease  l inearly with N for  both the ascending and the descending 
flows, while the positions of its ze ro  values remain  unchanged. 
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Fig. 3. Prof i les  of tangential (a) and axial (b) velocity components 
for  z / r m  = 0.9, l = 8 cm, and different N (rpm): 1) 6000; 2) 4000; 
3) 2000. 

Fig. 4. Interaction of a vortex with a water  s u r -  
face for  N = 1400 rpm and l = 10 cm: a) steady 
conditions; b) 2 sec af ter  turning on the swir ler .  

The results  obtained allow us to draw a number  of conclusions: 1) The hydrodynamic s t ructure  of vortex 
flow var ies  considerably over  the height of the vortex,  with the mos t  complicated flow pat tern  being observed 
near  the deflector;  2) the total length of a vortex is one of the most  important  pa rame te r s  determining the flow 
s t ructure ,  and it is possible to obtain s t ruc tures  of the t ropical  cyclone type ( r m / /  ~ 1) and s t ruc tures  of the 
tornado type (r m / /  ~ 0.5), while an increase  in l to values above 33 cm ( r m / l  ~ 0.15 for  the given apparatus) 
resul ts  in a cer tain limiting flow pattern which is influenced insignificantly by the presence  of the underlying 
surface;  3) variat ion of the swirling velocity, at least  in the range f rom 2000 to 6000 rpm, resul ts  in l inear  
variat ion of the investigated hydrodynamic pa rame te r s .  

The resul ts  of these experiments also allow us to make cer ta in  assumptions about a possible labora tory  
model for  imitating the interaction of an a tmospher ic  vortex with a water  surface.  Fo r  example, if the inter-  
action of a vortex of the tornado type is being modeled, then one must  choose those distances f rom the swi r le r  
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to the wa te r  su r face  fo r  which the condition rm/l  ~ 0.5 is sa t i s f ied ,  where  r m depends on the geomet r i ca l  
s ize  of the s w i r l e r .  Modeling the in terac t ion  of a vor tex  of the t rop ica l  cyclone type with a wa te r  sur face  r e -  
qu i res  that  the condition rm/ /  ~ 1 be sa t i s f ied .  Since the angular  veloci ty  of the s w i r l e r  does not not iceably 
affect  the flow s t ruc tu re  in the vor tex  in the invest igated range,  it is poss ib le  to regulate  the intensi ty of its 
in terac t ion  with the w a t e r  su r face .  

The su r face  and internal  flows in the volume occupied by the liquid a r e  seen  in Fig.  4; they are  fo rmed  in 
the in terac t ion  with the w a t e r  su r face  of a vor tex  of the tornado type ( r m / l  < 0.5) (Fig. 4a) and a vor tex  of the 
t rop ica l  cyclone type ( r m / /  ~ 1) (Fig. 4b). The da rk  pa r t i c l e s  in the wa te r  a r e  po tass ium permangana te  c r y s -  
ta ls  used to make the flow pa t t e rn  vis ible .  

NOTATION 

N, angular  ve loci ty  of rotat ion of the swi r l e r ;  r m, rad ia l  coordinate of the f i r s t  m a x i m u m  of tangential  
velocity;  v m, magnitude of the f i r s t  m a x i m u m  of tangential  velocity;  z,  ve r t i ca l  coordinate (distance f r o m  the 
s w i r l e r  to the hor izontal  c ros s  sect ion of the vor tex  in which the m e a s u r e m e n t s  a r e  made);  l, vor tex  length 
(distance f r o m  the s w i r l e r  to the underlying sur face) .  
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