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Results  are  presented  on an experimental  study of roo t -mean- squa re  values of pulsations in 
boundary p r e s s u r e  when a plane turbulent jet flows onto a plane surface  in the ranges  of Reynolds 
numbers  Ren of 0.7. 105-2.1 �9 105, dis tances x /d  of 19-43, and angles of impingement of 0-90 ~ 

w 1. The problem of the determinat ion of the pulsation action of a turbulent s t ream on the surface over  
which it flows excites in teres t  both in connection with concrete  applications and owing to the possibil i ty of using 
the resul ts  in a study of boundary turbulence. �9 The main information on pulsations in boundary p re s su re  has 
been obtained up to now for  flow in a turbulent boundary layer  [1], whereas considerably less  attention has 
been paid to jet flows in this field. Below we present  the results* of measurements  of one of the principal  
cha rac t e r i s t i c s  of a turbulent  load -- the roo t -mean - squa re  value of the pulsations in boundary p re s su re  p 
obtained in the flow of a turbulent jet onto a plane surface.  

w 2. The experiment was c a r r i e d  out on an installation whose main element was a mass ive  tilting slab 
with a smooth plane working surface. As the detectors  of p r e s su re  pulsations we used units of the type [2] 
containing p iezoceramlc  t r ansduce r s  with a sensing surface 1.3 mm in d iameter  and a sensitivity of about 4 
#V/Pa .  The detector  units were  set  flush with the workin~ surface in the region of action of the jet. The dis-  
charge took place f rom a slot nozzle with a width d = 15 mm at velocit ies V n of 75 to 220 m / s e c .  The 

* D. E. Leibin and E. B. Solov' ev part ic ipated in the work. 
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Fig. 1. Distribution of intensity of p r e s s u r e  pulsations 
along the surface with normal  impingement of the jet: 
1-3) Re n = 0.72. 105; 4-6) 1.12. 105; 7-9) 2.08 �9 105 with 
x/d equal to 24, 33, 43, 24, 33, 43, 24, 33, and 43, 
respect ively;  10) function (2). 

"Kirov Factory"  Society, Leningrad. Trans la ted  f rom Inzhenerno-Fiz icheski i  Zhurnal, Vol. 32, No. 2, 
pp. 204-208, Februa ry ,  1977. Original  ar t ic le  submitted Februa ry  14, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York,, N..Y..10011. .No part 
of  this publication may be reproduced, stored in a retrieval system, or transmitted, m any form or by any.means, etectromc,.mfcnam~l, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy of  this article is available from the pubtlsner Sot ~ /.~u. 

120 



10 ~ �9 (2pt 
p. v~) 

/0 

: - - !  

0 - - 3  

�9 - - 5  

0 - - 6  

30 00 ~c '_ 

1 0 2 , ( 2 p o / -  

6 

2 

i 

~ o  

I 
I 

i o ~ 3  
i o ~Z/ 

Fig.  2 Fig. 3 

Fig. 2. Dependence of in tensi ty  of boundary p r e s s u r e  pulsat ions  at jet axis on the dis tance x /d  with 
n o r m a l  impingement :  1) Re n = 0.72.105; 2) 1.12" 105; 3) 1.4"105; 4) 1.7" 105; 5) 1 .9.10s;  6) 2.08.105; 7) 
Eq. (3). 

Fig. 3. Effect of angle of impingement on the distribution of intensity of pressure pulsations over the 
surface (Re n = 1.12.105, x/d = 33); i) 90~ 2) 60~ 3) 45~ 4) 30 ~ 

cor responding  range  of Reynolds n u m b e r s  Re n is  0.7-2.1 �9 105 and of Maeh number s  Mn, 0.2-0~ The distance 
x f r o m  the nozzle  cut to the su r face  along the jet  axis va r i ed  f r o m  285 to 640 ram. 

The s ignals  sent  f r o m  the de t ec to r s  of p r e s s u r e  pulsat ions  were  rece ived  in the f requency range  of 50- 
10,000 Hz and r e c o r d e d  with an SI-1 ins t rument .  The ins t rumen ta l  m e a s u r e m e n t  e r r o r  was about �9 10%. 

Special  t e s t s  showed that  under  the expe r imen ta l  conditions the intensi ty of the acoust ic  radia t ion of the 
jet  was  cons ide rab ly 'be low (by 102-103 t imes)  the level  of the quanti t ies  being studied. In this case  the noise 
level  of the jet  was  e s t ima ted  f r o m  m e a s u r e m e n t s  of an acoust ica l  appara tus  of the Brffell  and K jae r  Co. with 
a 4133 microphone  mounted n e a r  the jet  a few c e n t i m e t e r s  f rom i ts  boundary. T o m o n i t o r  the v ibra t ional  in- 
t e r f e r e n c e  the sens i t iv i ty  of the de t ec to r s  to v ibra t ions  (on the o rde r  of 35/~V. sec2/m) was de te rmined  and the 
v ibra t ions  were  de te rmined  at one to th ree  points of the sur face  of the s lab in the cou r se  of the tes ts .  The 
m e a s u r e m e n t s  were  made with a D-28 a c c e l e r o m e t e r ,  included in the outfit of the SI-1 ins t rument ,  mounted 
on the back  side of the slab. The o rde r  of magnitude of the "v ibra t iona l  signal" f rom a de tec tor  was es t imated  
f r o m  the  s ize  of the vibrat ions .  As a resul t ,  i t  was de te rmined  that the effect  of v ibra t ions  on the m e a s u r e d  
s ignals  is  slight. 

3. The s tudies  conducted made  it poss ib le  to es tab l i sh  that  with impingement  of the jet no rma l  to the 
su r face  the dis t r ibut ion of intensi ty of the boundary pulsat ions,  no rma l i zed  to the m a x i m u m  p r e s s u r e  P0, has 
an approx imate ly  un ive r sa l  dependence onthe  re la t ive  dis tance y / b  along the working sur face  (Fig. 1), where  
b is  the half-width of the equivalent f r ee  jet  at a dis tance x f rom the nozzle  cut, obtained by calculat ion f rom 
the equation [3] 

b = 0.22x. (1) 

In this  case  the function P/P0 (y/b) has  a m a x i m u m  in the stagnation region of the je t  and is  well desc r ibed  by 
the re la t ion  

In the r e p r e s e n t e d  range  of var ia t ion  of the c h a r a c t e r i s t i c  p a r a m e t e r s  the dependence between the in- 
tens i ty  of pulsat ions  in the p r e s s u r e  P0 at the jet  axis  and the veloci ty  head PnV2/2 at the nozzle  cut is c lose  
to l inear ,  and the quantity 2p0//~nV2n. p r o v e s  to be approx imate ly  inve r se ly  propor t iona l  to the dis tance f rom 
the nozzle  cut (Fig. 2): 
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Fig. 4. Pulsa t ions  of boundary p r e s s u r e  in a semibounded 
jet: 1) Re n = 0.72. 105; 2) 1.12- 10s; 3) 2.08" 105; I) p = 0 .09-  

Po ~ 2 . 1  d 
o. v~ -~" ( 3 )  
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A study of the effect  of the angle of impingement  on the distr ibution of pulsat ions over  the sur face  (Fig. 3) 
showed that  when the angle changes f rom 90 ~ the intensi ty m a x i m u m  of the pulsat ions moves  along with t h e  
stagnation point of the s t r e a m  while i t s  magnitude d e c r e a s e s  slightly. 

In the ca se  of a boundary  jet  (a d i ag ram of the impingement  and the r e su l t s  a r e  p re sen ted  in Fig. 4) the 
coefficient  2P/Pn V2 p roves  to be a un iversa l  function of x /d  only for  l a rge  enough values of the a rgument  x/  
d ~ 25. In this flow it  is  na tu ra l  to dist inguish two sect ions  of the jet  with fundamental ly different  na tu res  of the 
var ia t ion  of the pulsat ions  as a function of the dis tance to the nozzle cut. In the f i r s t  sect ion a rapid  dec rea se  
in the level  of the boundary p r e s s u r e s  takes  place  f i r s t  owing to the d e c r e a s e  in the intensi ty of f ree  turbulence 
of the ini t ial  sect ion of the jet. Simultaneously,  turbulence  is  produced d i rec t ly  in the boundary shear .  This  
leads to a ce r t a in  i nc rea se  in the overa l l  level  of pulsat ions  in the region of x /d  = 25-30. Then a second se l f -  
s i m i l a r  sect ion of the je t  begins in which the intensi ty  of the pulsat ions c o m p r i s e s  about 0.09 of the m a x i m u m  
local veloci ty  head 

o 
p ( x )  = 0.09 pV;n (4) 

2 ' 

where  Vm(x) is  the m a x i m u m  veloci ty  of the boundary jet,  ca lcula ted f rom [3]. 

In conclusion,  it should be emphas i zed  that in view of the c lose  connection between the turbulent  p r e s -  
sure  pulsat ions  and the veloci ty  the data obtained can s e rve  as a source  of informat ion on the s t ruc tu re  of 
turbulent  p r o c e s s e s  when a jet  flows onto a su r face .  

N O T A T I O N  

p, r o o t - m e a n - s q u a r e  value of pulsat ions  in boundary p r e s s u r e ;  d, width of nozzle exit c r o s s  section; 
V, veloci ty;  Re, Reynolds number ;  M, Mach number ;  x, distance along jet  axis f rom nozzle ...... cut to surface;  y, 
coordinate  along sur face ;  b, b a l f - w i d t h o f f r e e j e t a t a d i s t a n c e x  f rom nozzle;  p, densi ty .  Indices:  n, c r o s s  
sect ion at nozzle  cut; 0, c r o s s  sect ion at jet  axis ;  m,  m a x i m u m  value.  
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