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F l u c t u a t i o n s  of sk in  f r i c t i o n  a t  a c y l i n d e r  wa l l  in a t r a n s v e r s e  s t r e a m  and the v e l o c i t y  in the 
wake  r e g i o n  of a v o r t e x  w e r e  m e a s u r e d  with  d i f fus ion  p r o b e s ,  and  the r e s u l t s  a r e  d i s c u s s e d  
h e r e .  

It i s  we l l  known that  the d e v e l o p m e n t  of a t u r b u l e n t  b o u n d a r y  l a y e r  in a s h e a r  f low is  d e t e r m i n e d  by  
the f lu id  zone at  the wa l l .  T h i s  zone ,  which  is  c a l l e d  the v i s c o u s  s u b l a y e r ,  is  w h e r e  hea t  and m a s s  t r a n s -  
f e r  to the s o l i d  s u r f a c e  e n c o u n t e r s  m o s t  r e s i s t a n e e .  The  s i ze  of th is  s u b l a y e r  is  so s m a l l ,  even  at  m o d e r -  
a te  v a l u e s  of the R e y n o l d s  n u m b e r ,  that  any  m e a s u r e m e n t  with p r o b e s  p l a c e d  in the s t r e a m  is  out  of the q u e s -  
t i on .  In v iew of t h i s ,  c o n s i d e r a t i o n  i s  g iven  to m e a s u r e m e n t s  with m i e r 0 e l e c t r 0 d e s  i n s t a l l e d  f lush  with  the 
i m m e r s e d  body  s u r f a c e  and o p e r a t i n g  on c o n t r o l l a b l e  d i f fus ion  of  o x i d a t i o n - r e d u c t i o n  r e a c t i o n s  [1, 2]. 

The  P r a n d t l  n u m b e r  c o r r e s p o n d i n g  to c o n v e c t i v e  m a s s  t r a n s f e r  in l i qu ids  r a n g e s  f r o m  2000-5000 and 
the t h i c k n e s s  of the d i f fus ion  b o u n d a r y  l a y e r  i s  e x t r e m e l y  s m a l l .  Thus ,  the d i f fus ion  c u r r e n t  t i e s  in wi th  
the  f low f i e ld  a t  the e l e c t r o d e .  In th is  c a s e  the equa t ion  of the d i f fu s ion  b o u n d a r y  l a y e r  a t  the e l e c t r o d e  
y i e l d s  a d i r e c t  r e l a t i o n  b e t w e e n  sk in  f r i c t i o n  and m a s s  f low [2]. By m e a s u r i n g  the f l u c t u a t i o n s  of the d i f -  
fu s ion  e u r r e n t ,  one can  e v a l u a t e  the s p e c t r a l  d e n s i t y  of  f r i c t i o n  f l ue tua t i ons  [3]: 

S~ = Sq /1tt (i@l 2. (1) 

In o r d e r  to d e t e r m i n e  the t r a n s f e r  funct ion  H(a~'), the equa t ion  of t r a n s i e n t  c onve c t i ve  d i f fu s ion  has  
b e e n  s o l v e d  in [4] and the r e s u l t s  can  be  a p p r o x i m a t e d  by  a r e l a t i o n  fo r  the modu lus  of the d i m e n s i o n l e s s  
t r a n s f e r  func t ion  s q u a r e d :  

1 

~r2 = I f (  9 § 0,54~2) 2 -t- (0,027~8) 2 (2) 

In d i m e n s i o n a l  f o r m  

T h i s  a r t i e l e  d e a l s  wi th  the e f fec t  which  a v o r t e x  wake  has  on the f l u c t u a t i o n s  of sk in  f r i c t i o n  in the 
r e g i o n  of the f r o n t a l  c r i t i c a l  po in t  of an i m m e r s e d  c y l i n d e r .  The  r e s u l t s  shown h e r e  a r e  b a s e d  on e x p e r i -  
m e n t s  p e r f o r m e d  in a c l o s e d  h y d r o d y n a m i c  tube with  a b l a d e  30 • 65 m m  in e r o s s  s ec t i on ,  which  at  a f l0w 
v e l o c i t y  v a r y i n g  f r o m  0.03 to 0.312 m / s e c  p r o v i d e d  fo r  a v a r i a t i o n  in the R e y n o l d s  n u m b e r  f r o m  250 to 
1240 ( r e f e r r e d  to the c y l i n d e r  d i a m e t e r ) .  The t u r b u l e n c e  in the o n c o m i n g  s t r e a m ,  m e a s u r e d  with a m o d e l  
"D i sa"  t h e r m o a n e m o m e t e r ,  d id  not e x c e e d  7%. 

A s  the s p e e i m e n  f o r  o u r  e x p e r i m e n t  we u s e d  a T e x t o l i t e  c y l i n d e r  4.1 m m  in d i a m e t e r  and  65 m m  long.  
A l o c a l  p r o b e  (cathode)  in the f o r m  of a 0.05 x 2.3 m m  foi l  was  i n s t a l l e d  a long  the g e n e r a t r i x  f lush  a g a i n s t  
the c y l i n d e r  s u r f a c e .  A s  the c y l i n d e r  r o t a t e d  about  i t s  a x i s ,  one cou ld  r e c o r d  the d i f fus ion  c u r r e n t  and 
thus  m e a s u r e  the d i s t r i b u t i o n  of  the v e l o c i t y  g r a d i e n t  a t  the  w a l l  of the c y l i n d e r  i m m e r s e d  in a t r a n s v e r s e  
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Fig .  1. Struhal  number  as  a function of the Reynolds  
number :  1) accord ing  to D r e s c h e r  and Roshko; 2) a c -  
cord ing  to this  study. 
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Fig .  2. Norma l i zed  s p e c t r a l  
dens i ty  of diffusion cu r r en t  
f luctuat ions  at  the cy l inder  
wall:  0 = 0 ~ tdash-dot  l ine),  
0 = 45 ~ (dashed l ine),  in the 
wake of the cy l inder  (solid 
l ine).  Veloci ty  Uoo = 0.263 
m/sec. 

s t r e a m ;  one could a l so  de t e rmine  the c h a r a c t e r i s t i c s  of the t r ans i t i on  
and the separa t ion ,  both r e l a t e d  to the sk in - f r i c t i on  s t r e s s e s .  Simul-  
taneous ly  with the d i r e c t  m e a s u r e m e n t  of the diffusion cur ren t ,  f luc-  
tuat ions  of the c u r r e n t  were  ampl i f i ed  and r e c o r d e d  on a model  N-102 
o sc i l l og r a ph  for  va r ious  points  on the cy l inder  wall ,  i . e . ,  as  a function 
of the p robe  angle r e l a t i v e  to the f ron ta l  c r i t i c a l  point on the cy l inder .  
M e a s u r e m e n t s  in the n e a r e s t  wake (x/d = 5) of the cy l inder  were  made 
with an e l e c t r o c h e m i c a l  wedge p robe ,  a s ignal  f rom which was t r a n s -  
mi t ted  through the second amp l i f i e r  channel and a lso  r e c o r d e d  on the 
osc i l log raph ,  together  with a s ignal  f rom the loca l  p robe  fixed on the 
cy l inde r .  The t ime constant  of the wedge p robe ,  ca lcu la ted  by the 
Hanra t ty  method [2], was 0.02 se.c. An analogous p r o c e d u r e  for  r e -  
cording s igna l s  of p r o b e s  loca ted  on the cy l inder  and in the wake was 
followed over  the en t i r e  range  of ve loc i t i e s  which could be covered  
wi~h this  appara tus .  The coord ina tes  of cu rves  p lo t ted  f rom the c u r -  
ren t  o s c f l l o g r a m s  and r e p r e s e n t i n g  the flow c h a r a c t e r i s t i c s  in the 
boundary  l a y e r  were  fed into a Minsk-22 digi ta l  compute r ,  where  the 
a u t o e o r r e l a t i o n  and the s p e c t r a l  function were  ca lcu la ted  by the s tan-  
da rd  p r o g r a m .  The p e r i o d i c i t y  of v o r t i c e s  fo rmat ion  in the wake of 
the cy l inde r  - c h a r a c t e r i s t i c  of s t r e a m s  with the Reynolds  number  in 
our 250-1240 range  - was  conf i rmed  by the t rend  of the a u t o c o r r e l a -  
l ion curve .  The max imum n o r m a l i z e d  s p e c t r a l  dens i ty  co r r e sponded  
to the Struhal  number  Sh = fd /U~,  with the f requency f e x p r e s s e d  in r e c i p -  
r o c a l  seconds ,  The Sh = f(Re) curve  in Fig .  i ind ica tes  a c lose  a g r e e m e n t  

between our data and the r e s u l t s  obtained by o ther  au thors  [5, 6]. With the f requency d i s t r ibu t ion  of the 
s p e c t r a l  function p lo t ted  in Fig .  2 in l o g a r i t h m i c  coord ina tes  for  va r ious  angular  pos i t ions  of the loca l  
p robe  on the cy l inder  and with p robes  in the wake, we have a s e r i e s  of cu rves  with c h a r a c t e r i s t i c  peaks  of 
s p e c t r a l  dens i ty  co r r e spond ing  to the Struhal  f requency r e f e r r e d  to the cy l inde r  d i a m e t e r .  We conclude,  
then, that a t r ans i en t  flow in the wake of a cy l inde r  p roduces  f luctuat ions  of f r i c t ion  in the f ronta l  reg ion  
at  the cy l inder  it] a t r a n s v e r s e  s t r e a m  with a p redominan t  f requency of v o r t i c e s  separa t ion .  

d is  the 
f is  the 
IH( i~) l  is  the 

fusion 
q is the 
Sh is  the 
Sq is the 
S T is the 
U~ is the 

N O T A T I O N  

cy l inder  d i a m e t e r ;  
f requency of v o r t i c e s  sepa ra t ion ;  
modulus of the t r a n s f e r  function for  the s y s t e m ,  d e t e r m i n e d  f rom the r e sponse  of a di f -  
l a y e r  to ha rmon ic  ve loc i ty  pe r tu rba t i ons ;  
ave rage  m a s s  flow; 
StruhaL number ;  
s p e c t r a l  dens i ty  of m a s s  flow f luctuat ions;  
s p e c t r a l  densi ty  of diffusion c u r r e n t  f luctuat ions;  
ve loc i ty  of the oncoming s t r e a m .  
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