
T U R B U L E N T  F L O W  S T U R C T U R E  A T  F > 1 

N. T .  F a z u l l i n  

Cer ta in  r e s u l t s  of m e a s u r e m e n t s  of the s t r u c t u r e  of an open-channel  flow at F > 1, where  F is the 
F r o u d e  number ,  a r e  p re sen ted .  

The expe r imen t s  were  p e r f o r m e d  in a v a r i a b l e  g rad ien t  g l a s s  channel  of width B = 19.9 cm and length 
7.0 m; the bot tom of the channel was cove red  with g r a v e l  with mean d i a m e t e r  on the in te rva l  7< d < 10 mm. 

The a v e r a g e d  ve loc i t i e s  were  m e a s u r e d  with a Pitot  tube;  the flow s t r u c t u r e  was inves t iga ted  with a 
m o t i o n - p i c t u r e  c a m e r a .  

The two-d imens iona l  flow c h a r a c t e r i z e d  by a mean ve loc i ty  V -- 130 cm~sec  and by va lues  of the dy-  
namic ve loc i ty  V .  = 14.95 c m / s e c ,  Reynolds number  R = 225,000,Froude number  F = 3.47, and coeff ic ient  
of hydrau l ic  f r i c t ion  k = 0.106. These  va lues  were  de t e r m i ne d  f rom the e x p r e s s i o n s  

4hV F -- ~, = 8 
V,  ~ ]f  gla]" , R ~ - ' - ~  , gh ' 

Here ,  h is the depth of the flow, g is  the a c c e l e r a t i o n  of g rav i ty ,  J the hydraul ic  g rad ien t ,  v the k ine -  

mat ic  viscosi ty ,  and a the k ine t ic  energy coeff ic ient .  

The sec t ion  in which the turbulent  k inemat i c  c h a r a c t e r i s t i c s  were  inves t iga ted  was 4.5 m f rom the 
channel  inlet ,  which amounts  to 80 un i fo rm-f low depths .  The flow uni formi ty  was checked by compar ing  
a v e r a g e d - v e l o c i t y  d i s t r ibu t ions  along the length of the flow. 

The r e s u l t s  of an inves t iga t ion  of the r m s  va lues  of the ve loc i ty  f luctuat ion along the v e r t i c a l  axis  of 
the c l e a r  c r o s s  sec t ions  of the flow a r e  p r e s e n t e d  in the table  and in F i g s .  1 and 2. 

F r o m  a study of th is  m a t e r i a l  the following conclus ions  may be drawn.  

1. The abso lu te  values  of the r m s  f luctuat ions ,  l ike  t he i r  d imens ion l e s s  values, r e f e r r e d  to some 
mean c h a r a c t e r i s t i c s  of the c l e a r  c r o s s  sec t ion  (maximum veloc i ty  u+, mean ve loc i ty  V, dynamic ve loc i ty  
V.)  i n c r e a s e  with i n c r e a s e  in the d i s tance  f rom the bot tom, reach ing  a max imum of app rox ima te ly  0.12h. 

Beyond this  point the quant i t i es  
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Fig .  1 F ig .  2 
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beg in  to d e c r e a s e  and n e a r  the  f r e e  s u r f a c e  a s s u m e  a l m o s t  c o n s t a n t  va lues~  

2. T h e  r m s  v a l u e s  of t he  v e l o c i t y  f l u c t u a t i o n s ,  r e f e r r e d  to the  l o c a l  a v e r a g e d  v e l o c i t y  u (the i n t en -  
s i t i e s  of  t u r b u l e n c e  (ru/U and ~v/U) i n c r e a s e  s t e a d i l y  f r o m  the  f r e e  s u r f a c e  in t he  d i r e c t i o n  of the  b o t t o m .  

3. The  l ong i t ud ina l  r m s  v e l o c i t y  f l u c t u a t i o n s  (r u a r e  much  g r e a t e r  than  the  v e r t i c a l  crv. T h i s  i s  t r u e  
o v e r  t he  e n t i r e  v e r t i c a l  a x i s ,  i nc lud ing  the  r e g i o n  n e a r  the  f r e e  s u r f a c e .  

C o m p a r i n g  the  f i r s t  and  s e c o n d  c o n c l u s i o n s ,  we m a y  a s s u m e  tha t  i t  i s  m o r e  r a t i o n a l  to  c h a r a c t e r i z e  
the  t u r b u l e n t  v e l o c i t y  f l u c t u a t i o n s  by m e a n s  of a c h a r a c t e r i s t i c  such  a s  t he  r m s  v a l u e s  r e f e r r e d  to the  l o -  
ca l  a v e r a g e d  v e l o c i t y  ~u/U and ~v/U, s i n c e  th i s  l e a d s  to a s i m p l e  f low m o d e l  tha t  does  not  r e q u i r e  s e p a r a -  
t ion  into z o n e s  wi th  d i f f e r e n t  l a w s  of v a r i a t i o n  of the  r e l a t i v e  v a l u e s  of  the  v e l o c i t y  f l u c t u a t i o n s ,  a s  would 
be  t he  c a s e  if  the  c h a r a c t e r i s t i c s  

%/u§ %/u§ %/V, %/V, %W., %/V. 
w e r e  t aken .  

The  t h i r d  c o n c l u s i o n  i m p l i e s  tha t  a t  F > 1 t h e r e  i s  t u r b u l e n c e  a n i s o t r o p y  o v e r  the  e n t i r e  dep th  of  t he  
f low. T h e  t u r b u l e n c e  a n i s o t r o p y  n e a r  the  w a l l s  is  m o r e  i m p o r t a n t  than  tha t  o b s e r v e d  n e a r  the  f r e e  s u r f a c e  
w h e r e  the  r a t i o  Cru/r v i s  of  the  o r d e r  of ~2 .  

T h e  m e a s u r e m e n t s  w e r e  m a d e  d u r i n g  the  p e r i o d  f r o m  1966 to 1967 in the  Moscow L a b o r a t e r y  of 
F l o o d  Con t ro l  and  W a t e r  R e s o u r c e s  of  t he  S ta te  H y d r o l o g i c a l  I n s t i t u t e  and  in the  H y d r o p h y s i c a l  L a b o r a t o r y  
of Moscow L o m o n o s o v  S ta te  U n i v e r s i t y .  In t he  c o u r s e  of the  e x p e r i m e n t s  t he  a u t h o r  c o n s u l t e d  K. I. R o s -  
s i n s k i i  and B. A. F i d m a n .  
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