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The re  are  two main  approaches  in t heo re t i ca l  s tudies  on the flow of liquids in planar  cav i t i es .  

The f i r s t  t r e a t s  the liquid as ideal. Prandt l  was the f i r s t  to sugges t  constancy of the vor t ic i ty  with 
closed cu r r en t  l ines .  This  assumpt ion  was subsequent ly  demons t r a t ed  r igo rous ly  [1] for  a two-d imens iona l  
region.  It i s  n e c e s s a r y  to link up the ex te rna l  potential  flow above the cavi ty  and the flow of constant  vor t ic i ty  
in the cavi ty  [2]. A solution to th is  p rob lem has been obtained [3]. 

The second approach  incorpora te s  the ef fec ts  of v i scos i ty  in the mixing zone (above the upper  edge of the 
slot) and in the boundary  l aye r s  (along all the walls  of the cavity).  In that  case ,  the vor t ic i ty  is de te rmined  by 
cons ider ing  the ba lance  of the fo rces  at the mobile  and immobi le  boundar ies  of the vor tex  [4-6]. Numer i ca l  
solut ions to the N a v i e r - S t o k e s  equations have also been obtained, but only in the two-d imens iona l  case .  
Numerous  e x p e r i m e n t s  show that  the re  a re  t h r e e - d i m e n s i o n a l  flows in planar  cavi t ies  behind s teps  and before  
r idges .  M e a s u r e m e n t s  have been made [7, 8] of the p r e s s u r e  d is t r ibut ion  at the bot tom and the forward  wall  of 
the cavity,  with flow vizual iznt ion at the bot tom with an o i l - c a r b o n  b lack  mix ture ,  which revea led  t h r e e -  
d imens iona l  s t r u c t u r e s  for  shallow cavi t ies  H / L > 0 . 4  in a turbulent  flow. Here  H and L a re  the depth and chord 
of the cavity.  S t roboscopic  m e a s u r e m e n t  of the veloci ty  profi le  behind a s tep  has  been used [9], as has l a s e r  
Doppler  m e a s u r e m e n t  [10] of the veloci ty,  which indicated that  t he re  a re  t h r e e - d i m e n s i o n a l  flows in the l ami -  
nar and turbulent  s ta tes .  The s t ruc tu re  of the t h r e e - d i m e n s i o n a l  fo rmat ions  r e m a i n s  unclear .  Here  we 
examine  the vor tex  flows in two-d imens iona l  cavi t ies .  

The e x p e r i m e n t s  we re  pe r fo rmed  on an appara tus  with a planar  channel of sec t ion  10•  100 m m  (h=10, 
B =100 mm); the motion of the working liquid (distil led water)  in the channel was provided by the d i f ference  in 
heights of the upper  and lower  cons tan t - l eve l  tanks .  The wa te r  f r o m  the upper  tank passed  through a se t t l ing 
chambe r  ( c ros s  sec t ion  120 • 100 mm) with a honeycomb and confuser  to the working channel, whose length was 
2000 m m .  The honeycomb was made of th in-wal led  nickel tubes  (wall th ickness  0.1 ram, d i a m e t e r  5 mm,  
length 50 mm).  The cavi ty  was fo rmed  by the sudden expansion of one of the walls  of the working channel at a 
d is tance  of 1500 m m  f r o m  the inlet. The wa te r  flow ra te  was m e a s u r e d  with a d i aphragm placed af ter  the work -  
ing par t  before  the outlet  to the lower  tank. The wa te r  t e m p e r a t u r e  was kept constant .  

The flow was vizual ized by the addition of a luminum powder of mean  par t ic le  s ize  30 pm.  A flat light 
guide ( thickness .~ 2 mm) was used to examine  and photograph the flow in di f ferent  planes para l l e l  to the bot tom 
of the cavi ty .  We used in se r t s  that  var ied  the depth of the cavi ty  while mainta ining the chord unchanged at L = 
40 m m  (the chord L is the s ize  of the cavi ty  i n t h e  flow direct ion) .  F igu re  1 shows the sy s t em.  

It was found that  at a Reynolds number  Re =500 (as calculated f r o m  the mean  f low- ra t e  veloci ty  in the 
channel  and the t r a n s v e r s e  d imens ion  h of the channel) t he re  we re  secondary  pa i r ed  vo r t ex  fo rmat ions  in 
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Fig. 2 

the cavity between the core  of the flow and the walls. Par t s  a and b of Fig, 2 show photographs of these vor-  
t ices  in a plane paral lel  to the bottom of a square cavity (2 mm f rom the bottom) for Re =1000 and 3000. There 
were these w~rtex circulat ions on all the walls of the cavity and in the mixing zone. The flow picture near the 
mixing region is shown in parts  c and d of Fig.  2 for  a plane parallel  to the bottom of the cavity and separated 
f rom it by a distance of 38 mm. The s t ruc ture  of the flow in a plane passing through the axis of the main vor-  
tex (20 mm f rom the bottom) is shown in Fig.  3 for Re =1000. The upper part of the picture shows secondary 
paired vor t ices  at the r e a r  wall. The s t ruc tures  are T a y l o r - G o e r t l e r  vor t ices  ar is ing in the wall because of 
curvature  of the flow lines and the effects of centrifugal  forces .  These vortex loops move slowly across  the 
width of the cavity and alter  somewhat in outline. The photographs also show the th ree-d imens iona l  charac te r  
of the flow at the center  of the cavity. 

Measurements  have been made [10] of the velocity profiles in a c ross  sect ion of the cavity of the same 
configuration for Re =500. The data allow one to est imate  the Goert ler  number N ~ (US /v ) ] /5 /B  ~ 20~ 
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where  U~  4 . 1 0  -a m/see  is the veloci ty  at the boundary  of the boundary layer ,  6 ~ 8" 10 -3 m is the boundary-  
l aye r  th ickness ,  R ~  H/2 =20" 10 -3 m is the radius  of the cavity,  and v is the v i scos i ty  of water .  

The c r i t i ca l  value of the Goe r t l e r  number  for  concave plates  is N ,  =16 [11], and this  shows that the flow 
in the cavi ty  has the conditions n e c e s s a r y  for  the product ion of T a y l o r -  Goer t l e r  s t ruc tu re s .  

P a r t s  a and b of Fig.  4 show the flow pa t te rn  at the bot tom of a r ec tangu la r  cavity with H/L =0.875 for  Re 
of 1000 and 3000, while pa r t s  c and d of Fig.  4 are  for  a shallow cavi ty with H/L=0.525 {andReof  1000 and 
3000, r e spec t ive ly ) .  In the case  of the shal low cavity,  the main  vor tex t akes  up only part  of the c ro s s  sect ion 
and adjoins the r e a r  wall.  Secondary vor t i ces  a re  fo rmed  only near  the main vor tex.  As Re inc rea se s  f rom 
500 to 3000, the d is tance  ~ between adjacent  pa i r s  of r ings  d e c r e a s e s .  Also,  X i n c r e a s e s  with the depth of the 
cavity (for given Re and a given chord).  F o r  example ,  ~=16 m m  for H/L =0.875 for  Re =1000, while X =10 m m  
for  H/L = 0.525 with the s a m e  value of Re. 

In the range  of Re used, we made expe r imen t s  on a square  cavity with H/L =1 of l ess  width with the s ame  
width for  the channel (widths of the cavi ty  and channel 70 and 100 mm,  respect ively}.  F o r  this  purpose  t r a n s -  
parent  in se r t s  were  placed at the ends of the cavity.  These  expe r imen t s  showed that  the to ta l  number  of vor -  
t i ce s  was reduced in accordance  with the reduced width of the cavity,  while the dis tance between adjacent  pa i r s  
of vor t i ces  r ema ined  as in a cavi ty  of width 100 mm.  

Flow vizual izat ion for  the channel showed that the flow was of mobile c h a r a c t e r  for  R e x  3500. When the 
turbulent  fo rmat ions  {turbulent spots} pass  through the par t  of the channel with the cavity,  the re  was an inc rease  
in the flow veloci ty  in the l a t t e r  and b r e a k - u p  in the ce l lu lar  s t ruc tu re .  After  the passage  of a turbulent  plug, 
the or ig inal  veloci ty  was r e s t o r e d  in the cavity toge ther  with the ce l lu lar  s t ruc tu re .  No ce l lu la r  s t ruc tu re  was 
obse rved  in the cavi ty  for  a flow with Re = 5000~ 

This  expe r imen ta l  s tudy the re fo re  shows that  a planar  l amina r  s tabi l ized flow uniform over  the width in 
the channel before  the cavi ty  {with Re of 500-4500 in our conditions} gives a flow in the cavity of t h r e e - d i m e n -  
s ional  c h a r a c t e r .  The re  are  s econda ry  vor tex  s t r u c t u r e s  of T a y l o r - G o e r t l e r  type in the wall  zone, which are  
analogous to those  occu r r ing  in flow around concave su r f aces .  
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