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I N T R O D U C T I O N  

Turbulent  p r o c e s s e s  in je t s  in terac t ing  with solid su r f aces  a t t r ac t  the at tention of many  r e s e a r c h e r s  at 
this  t i m e  [1-4]. Fundamental  diff icult ies  in both computa t ional  and exper imen ta l  invest igat ions hence a r i s e  in 
studying turbulence  in the mos t  impor tant  flow domain d i rec t ly  at the sur face .  Informat ion  about p r e s s u r e  
f luctuations at the su r f ace  is an additional sou rce  of knowledge about the s t ruc tu re  of turbulence  in this  do- 
main.  Moreove r ,  data about turbulent  n e a r - w a l l  p r e s s u r e s  also have a d i rec t  applied value,  r e l a t ed  mainly  to 
p rob lems  of computing the v ibra t ions  of s t r u c t u r e  e lements  [5]. 

w 1. The p re sen t  expe r imen t  was conducted with plane a i r  je ts  i ssuing f r o m  a s lot  nozzle  of width d=15 
ram (length 350 ram) a t  ve loc i t ies  of 75-220 m / s e c .  The Reynolds number s  hence va r i ed  in the r ange  0.7- 105- 
2.1- 105, and the Much number ,  in the r ange  0.2-0.64. The jet  impinged on the f la t  su r face  of a m a s s i v e  t u rn -  
table  at d is tances  of 360-640 m m  f r o m  the nozzle  exit.  Modules with p iezoe lec t r i c  p r e s s u r e  f luctuation con-  
v e r t e r s ,  s i m i l a r  to those  desc r ibed  in [6], w e r e  mounted flush with the working su r f ace  of the s lab.  Spectral  
ana lys is  of the s ignals  f r o m  the c o n v e r t e r s  was  accompl i shed  by an SI-1 s p e c t r o m e t e r  in t h r e e - o c t a v e  f r e -  
quency bands in the 50-10,000-Hz range .  T r a n s d u c e r s  with a 1 . 3 - r a m - d i a m e t e r  detect ion su r f ace  had a p r a c -  
t i ca l ly  constant  r e s p o n s e  of about 4 p V / P a  with r e s p e c t  to the f requency  in this range .  In o rde r  to check the 
v ibra t ion  in t e r f e rence ,  the v ibra t ion  r e s p o n s e  of the t r a n s d u c e r s  was  de t e rmined  and the s lab  v ibra t ions  w e r e  
m e a s u r e d  dur ing the t e s t s .  

w It was c la r i f i ed  in an ana lys i s  of the m e a s u r e m e n t  r e s u l t s  that  the governing p a r a m e t e r s  of the 
f luctuat ing effect  of the jet on the su r face  perpendicu la r  to the jet at a d is tance x f r o m  the nozzle  exit a r e  the 
mean  c h a r a c t e r i s t i c s  (the densi ty  p ,  the axial  ve loc i ty  v, and the width 2b) of the equivalent f r e e  jet  at a d i s -  
tance  x. This ag rees  with the informat ion that  the zone of in teract ion in the case  under cons idera t ion  extends 
a dis tance on the o rde r  of the nozzle  width along the n o r m a l  to the su r face  [7, 8]. T h e r e f o r e ,  the flow in this 
domain should be de te rmined  by the f r ee  jet  c h a r a c t e r i s t i c s  at a d is tance  on the o rde r  o f x - d  or ,  for  x >> d, at  a 
d is tance x f r o m  the nozzle  exit.  It is seen  f r o m  Fig. 1 that  the values  of the spec t r a l  densi ty  of the p r e s s u r e  
f luctuations r  2v3b, r educed  to d imens ion less  f o r m ,  a r e  functions of the reduced  f requency  v b / v  and the r e l a -  
t ive  r e m o v a l  y / b  f r o m  the jet  axis in the whole range  of veloci t ies  and d is tances  x invest igated.  Three  cases  
with different  va lues  of y / b  axe p re sen ted  he re :  a) 0; b) 0.73; c) 2.7. The numbers  co r r e spond  to the fol low- 
ing values of v 0 i n m / s e c  and x / d :  1) 75, 24; 2) 75, 33; 3) 75, 43; 4) 117, 24; 5) 117, 33; 6) 117, 43; 7) 218, 24; 
8) 218, 33; 9) 218, 43. 
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The va lues  of v and b w e r e  hence  determined by means  of the usual  re la t ions  [ 9 ]  

v/% = 2.7Vd-]~; b = 0.22x, 

w h e r e  v 0 is the e scape  ve loc i ty  f r o m  the n o z z l e .  

The mos t  Latensive f luctuat ions  are  observed  at the stagnation point on the jet axis  w h e r e  their  c o m m o n  
l eve l  

is approximate ly  0.15pv2/2.  In this  c a s e  the spectra l  density in the frequency  band 0.2 < ~ b / v  < 2 var i e s  
s l ight ly ,  and then d e c r e a s e s ,  where  the law of the d e c r e a s e  is  a lmos t  a power law in a s ignif icant sect ion:  �9 ~ 
w -z~ The change in the spec tra l  dens i ty  function upon r e m o v a l  to a dis tance  y ~ b  f r o m  the jet axis is c h a r a c -  
t e r i z e d  by a not iceable  diminution in the values  at the low frequenc ies  and by a d e c r e a s e  at mainly  the high 
frequenc ies  when y is increased  furtker ,  with a gradual format ion  of a s e r f - s i m i l a r  s p e c t r u m  of the s e m i i n -  
f inite jet c o n s i d e r e d  below (see Fig.  1, curve  c). 

The m a x i m u m  fluctuation intensity  shifts  together  with  the stagnat ion point when  the angle of jet impinge-  
ment  is changed. The shape of the s p e c t r u m  at the stagnation point hence  r e m a i n s  pract i ca l ly  unchanged (Fig. 
2, w h e r e  va lues  of  the spectra l  densi ty  at the stagnation point are  presented  for v 0 =117 m / s e c ,  x / d  =33 atdi f -  
ferent  angles  of  impingement:  1 - 90; 2 - 60, 3 - .45;  4 - 30~ 
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w 3. The experimental apparatus was also used to investigate near-wall  pressure  fluctuations in semi- 
infinite jets. The jet escaped parallel to the working surface which was at a distance 1.5d below the axial plane 
of the nozzle, and the leading edge of the turntable was at a distance 5d from the nozzle exit. As Fig. 3 shows, 
in this case the character  of the dimensionless spectral  density function r162 d of the reduced frequency 
wd/v o is determined approximately by the relative distance x / d  f rom the nozzle exit, where the accuracy of the 
approximation r i ses  with the increase in x / d .  Four cases with different values of x / d  are presented here: a) 
8.4; b) 13; c) 27; d) 42, with three values of the velocity v 0 in each: 1) 75; 2) 117; 3) 218 m / s e c .  

Curves of the spectral  density in the near-wall  jet undergo significant changes as the distance f rom the 
nozzle increases.  For small values of x / d  ~ 10 the spectrum is character ized by elevated values at the high 
frequencies which are  probably associated with the intensive f ree  turbulence of the initial section of the jet. 
Fur thermore ,  the fluctuation level in this frequency range diminishes with the simultaneous formation of a new 
maximum generated direct ly by the near-wall turbulence. Starting with the values x / d  =25-30, the change in 
the spectrum is almost serf-similar  in nature and is due just to the diminution in the character is t ic  velocity 
and the intensity of the s t ream turbulence. Here the spectral  density functions in the domain of decrease with 
respect  to the frequency are described well by the power law r 
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