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Subsonic or  suPersonic  flow o v e r . a  r e c e s s  of sma l l  depth with l aminar ,  t rans i t iona l ,  and turbulent  modes 
of flow in the boundary l aye r  ahead of the separa t ion  point are  d iscussed .  Under ce r t a in  conditions {the Much 
number  of the ex te rna l  s t r e a m ,  the s ize  and shape of the r e c e s s ,  etc.) d i s c r e t e  components  a re  obse rved  in the 
s p e c t r u m  of p r e s s u r e  pulsat ions of the r e c e s s .  This  phenomenon has been invest igated both exper imenta l ly  
[1-4] and theore t i ca l ly  [5] with turbulent  flow in the boundary layer  ahead of the r e c e s s .  In [1, 4] the nonsteady 
flow pa t te rn  in the vicini ty of a r e c e s s  was revea led  mainly using shadow photographs obtained with a shor t  
e x p o s u r e  (~ 10 -6 sec).  The f requenc ies  of the d i s c r e t e  components  in the p r e s s u r e  s p e c t r u m  of a t h r e e - d i m e n -  
s ional  r ec t angu la r  r e c e s s  were  de te rmined  in [3]. 

In the presen t  r epo r t  we invest igate  in deta i l  the nonsteady flow pa t te rn  in a r e c e s s  and its vicinity with 
l amina r ,  t r ans i t iona l ,  and turbulent  modes  of flow in the boundary l ayer  ahead of the r e c e s s .  It is shown that  
with l amina r  :[low in the boundary l ayer  a nonsteady separa t ion  zone of sma l l  s ize ,  which per iodica l ly  d i sap-  
pea r s  and r e a p p e a r s ,  f o r m s  ahead of the r e c e s s  because  of the p r e s s u r e  pulsat ions in it. The c o m p r e s s i o n  
shocks fo rmed  ahead of this  zone of sepa ra t ion  flow and the vor t i ces  fo rmed  in the zone are  per iodical ly  c a r -  
r ied off by the s t r e a m  af te r  the next d i sappea rance  of this zone. 

1. The expe r imen ta l  invest igat ion was pe r fo rmed  in wind tunnels and on an aeroba l l i s t i c  course .  The 
tes t  models  c o m p r i s e  two groups .  The f i r s t  group (13 includes cones with ha l f -angles  0 =2.5-30 ~ at the apex 
and with a x i s y m m e t r i c  annular  r e c e s s e s  on the l a t e r a l  su r face  with a depth h and a re la t ive  length l ~ =I/h. The 
second group (II) includes f lat  plates ,  which compr i sed  a side wall  of the working sect ion of the wind tunnel with 
a s ize  of 70x 50 mm.  R e c e s s e s  with a depth h, a re la t ive  length l ~ and a width of 70 m m  were  made in these  
pla tes .  A capac i t ive  de tec to r  of p r e s s u r e  pulsat ions was mounted on the bot tom of the r e c e s s  flush with its 
su r face .  The f requency c h a r a c t e r i s t i c  curve  of the de tec to r  has  a max imum at the f requency f=6 .5  kHz, which 
co r r e sponds  to the natural  f requency  of the de tec to r  m e m b r a n e .  T h e r e f o r e ,  all  the m e a s u r e m e n t s  were  made 
at f requenc ies  f < 6  kHz. The p a r a m e t e r s  of the s t r e a m  and the d imensions  of the models  used in the ex p e r i -  
ments  a re  given in Table  1, where  Mo is the Much number  of the oncoming s t r eam;  Tw/T 0 is the ra t io  of the 
wal l  t e m p e r a t u r e  to the s tagnat ion t e m p e r a t u r e  in the outer  s t r eam;  ~l  and c~ 2 a re  the angles between the lead-  
ing or  t r a i l i ng  wal ls  of the r e c e s s  and its bottom; z ~ =z/h  is the re la t ive  length of the def lector ;  d is the d i ame te r  
of the midsec t ion  of the model;  Re is the Reynolds number,  calculated f r o m  the p a r a m e t e r s  of the outer  s t r e a m  
and the length of the model  f r o m  the c r i t i ca l  point to the leading edge of the r e ce s s ;  A and B are  the groups of 
expe r imen t s  conducted on the ae roba l l i s t i c  cou r se  and in wind tunnels,  r e spec t ive ly .  The p a r a m e t e r s  of the 
s t r e a m  on the ae roba l l i s t i c  course  were  de te rmined  f r o m  the average  veloci ty over  a base  with a length of 8 m; 
the e r r o r  in m e a s u r i n g  this veloci ty  did not exceed 0.5%. 
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d,  
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52 
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F ig .  1 

Shadow photographs  of the  f ield of flow around the mode l  (at a s ca l e  of ~ 1 : 1) with an exposu re  of ~ 10 -7 
sec  were  ob ta ined  at nine points  of the t r a j e c t o r y  on the a e r o b a l l i s t i c  c o u r s e ,  while  magn i f i ed  (~ 6+) shadow 
photographs  wi th  an exposu re  of ~ 10 -6 sec  were  obta ined  in  the wind t u n n e l s .  

The r e p e t i t i o n  f r e q u e n c i e s  of the c o m p r e s s i o n  shocks  and the  c o m p r e s s i o n  waves  were  m e a s u r e d  in  the  
wind t u n n e l s  with a d i sk  s c a n n e r  [6], the  s l i t  of which was  mounted  p e r p e n d i c u l a r  to the o u t e r  b o u n d a r y  of the  
mix ing  l a y e r  f o r m e d  above the r e c e s s .  The m e a s u r e d  f r e q u e n c y  was  d e t e r m i n e d  as the f r e que nc y  of the wavy 
t r a c k  r e c o r d e d  on f i l m  with the d i sk  s c a n n e r .  The e r r o r  in  m e a s u r i n g  the f r e que nc y  did not exceed 50/0. The 
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propagation velocit ies of the dis turbances  were determined in the wind tunnels with the same scanner  but with 
the slit mounted paral le l  to the bottom of the r eces s .  The e r r o r  in measur ing  the propagation velocity of the 
dis turbances  did not exceed 30%. High-speed motion-picture  photography (250,000-500,000 f rames /sec)  was 
also conducted in the tunnels using an SFR-2m high-speed s t reak  camera .  The high-speed mot ion-pic ture  
photography allowed us to determine the propagation velocity of the dis turbances  with an e r r o r  ~ 15%. 

The p res su re  pulsations in the r ece s s  were measured  with a capacitive detector ,  the signal f rom which 
was recorded  by an M-168 tape r eco rde r .  The signal was analyzed and t reated using an instrument  of the 
Brul l  and Kehr f i rm. The spect ra l  cha rac t e r i s t i c s  were determined for frequency bands with a width Af =10 Hz~ 
the e r r o r  in measur ing  the levels of the p ressure  pulsations was 2-3 dB. 

2. Let us consider  the nonsteady flow in the vicinity of a r eces s  when a supersonic  s t r eam flows over  it. 
F i r s t  we take the case of turbulent flow in the boundary layer  ahead of the separat ion point. In Fig. I we pre-  
sent shadow photographs of the flow over  a thermal ly  isolated model (T w =To), obtained with the high-speed 
c a m e r a  when the Mach number of the outer  s t r e a m  was M 1 =2.1 and the Reynolds number, determined f rom the 
pa ramete r s  of the outer  s t r e a m  and the length of the plate f rom the cr i t ica l  point to the r ecess ,  was Re =7.106 . 
These photographs demonst ra te  the nonsteady pattern of flow over  a r eces s  with a depth h =10 mm at two values 
of the relat ive length. ~ l~ (Fig. la) and l ~ =5 (Fig. lb). 

The dis turbances  generated near the leading edge propagate above the r eces s  in the direct ion of its t r a i l -  
ing edge. The measurements  with a s t reak c a m e r a  showed that their  propagation velocity, normalized to the 
velocity u 1 of the outer  s t r eam,  was c o =c/ut.~0.5. Thus, one of the sources  of p ressu re  pulsations is located 
at the leading edge of the r eces s ,  and the dis turbances  produced by this source propagate in the supersonic  
region of flow. A second source of d is turbances  is located at the t ra i l ing  edge of the r eces s .  The experimental  
resul ts  (pulsed shadow photographs, s t reak  photography f rames ,  and photographs of disk scanning of the shado W 
pattern) show that the d is turbances  f rom this source propagate both in the supersonic  outer  s t r eam and inside 
the r eces s .  And because of the interaction of the mixing layer  with the t ra i l ing wall of the r ece s s  a p ressu re  
wave fo rms  which propagates inside the r e c e s s  and reaches  the leading wall. Being ref lected f rom it, this wave 
propagates back to the t ra i l ing  wall of the r eces s .  The resul ts  of the measurements  of the propagation velocity 
of the p ressure  waves using s t reak  photography showed that the velocity u w of these waves is close to the speed 
of sound a 0 at the stagnation t empera tu re  T o of the s t ream.  A third source  of dis turbances  of the outer s t r eam 
is the entire mixing layer,  which generates  sound waves propagating in the direct ion perpendicular  to the divid- 
ing s t reamline  and simultaneously ca r r i ed  off by the s t ream.  

We also investigated the fl0w patterns in a ze ro-grad ien t  supersonic  s t r eam at sufficiently large dis tances 
behind the r ece s s  (Fig. la) .  In this case the complex pattern of d is turbances  degenerates  into a s impler  pat- 
t e rn  with regu la r  compress ion  waves f rom the f i rs t  and second sources .  A s imi la r  pattern is also observed on 
f ree- f ly ing  models (Fig. 2b, Mo=1.89 ). Disturbances f rom the third source are great ly  attenuated and are not 
seen in the photographs. The resul ts  of the present  repor t  agree with the resul ts  of [4], where a detailed in- 
vestigation was made of the flow pattern in the vicinity of a r ece s s  with M 1 =1.6-3.5 and Re =(0.13-40)" 106. 

Vort ices  of large size are observed in the mixing layer  above the r ecess ;  they fo rm near the leading edge 
of the r ece s s  and move along the s t ream,  rapidly increas ing in size.  In the interaction of such vor t ices  with the 
t ra i l ing  edge of the r e c e s s  a large "bulge" fo rms  in the mixing layer .  The small  and the large vor t ices  both 
move with about the same velocity. The size of the smal l  vor t ices  increases  considerably s lower and thei r  
shape remains  almost constant.  In Fig.  lb ,  a large vortex whose motion is t raced  ra ther  c lear ly  is marked by 
a c ross  in the f i rs t  and last f r ames .  Measurements  of the velocity of motion u .  of the vor t ices  made using 
s t reak photography with M 1 =2.1 and l 0 =1-5 showed that the relat ive velocity of motion of the vort ices  is ~ = 
u,/u I = 0.45-0.65. 

The flow pattern described above is observed in the case of short (l ~ =1) and long (l ~ =5) recesses in 
plane and axisymmetrie flows. The angle of inclination a2 of the trailing wall does not affect the nonsteady flow 
pattern (which is observed for a2 <135~ in the case of M i =2.1 under consideration). From the mixing layer 
behind the recess a boundary layer forms in which a train of large vortices is generated, following each other 
with almost equal intervals l,. Analysis of the photographs showed that when M t --1.5-2.1 the relative quantity 
l,/l equals 0.8-.1.2. The velocity of the large vortices in the boundary layer behind the recess is increased in 
comparison with their velocity in the mixing layer. In the section of s/l =0.2-0.5 behind the recess it reaches 
values corresponding to 2~ = 0.7-0.8. In the turbulent boundary layer the relative velocity of motion of the vor- 
tices is ~ ~ 0.8 [7]. Thus, at distances s/l > 0.5 the large vortices induced by the recess evidently propagate 3ust 
like ordinary vortices in a turbulent boundary layer. 
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Fig.  2 

Now let  us cons ider  the case  of a l amina r  mode of flow in the boundary  l ayer  ahead of the sepa ra t ion  
point. When the propagat ion  veloci ty of d i s tu rbances  was de te rmined  with a disk scanner  whose sl i t  was placed 
pa ra l l e l  to the gene ra t r i x  of the cone at a sma l l  d is tance  f r o m  the r e c e s s  it was d i scovered  that  the d i s -  
t u rbances  move u p s t r e a m  near  the leading edge of the r e c e s s .  A more  care fu l  invest igat ion of the flow pa t te rn  
was requ i red  to explain th is  unexpected phenomenon. 

F o r  this  purpose  we obtained en la rged  pulsed shadow photographs.  They showed that  a reg ion  of s epa -  
ra t ion  flow having a ve ry  sma l l  s ize  per iodica l ly  appea r s  and d i s a p p e a r s  ahead of the r e c e s s .  In the ease  of 
l a m i n a r  flow in the boundary  l aye r  the c r i t i c a l  p r e s s u r e  d rop  causing separa t ion  of the boundary l aye r  is smal l .  
T h e r e f o r e ,  when a c o m p r e s s i o n  wave a r r i v e s  at the leading edge ac ro s s  the r e c e s s  a p r e s s u r e  d rop  exceeding 
the c r i t i c a l  one is c rea ted ,  as a consequence of which the m i c r o s e p a r a t i o n  of the boundary  l aye r  ahead of the 
r e c e s s  occu r s .  

The p r e s s u r e  in the zone of this  sepa ra t ion  flow is de te rmined  by the acoustic wave,  so that  it r e aches  a 
m a x i m u m  and then  fa l l s .  Accordingly ,  the zone of s epa ra t i on  flow f i r s t  grows and then con t rac t s  and d i sap-  
pea r s .  Ahead of the zone of s epa ra t ion  of the boundary l aye r  a c o m p r e s s i o n  shock f o r m s  which moves  up- 
s t r e a m  s imul taneous ly  with the inc rease  in the length of the zone of sepa ra t ion  flow, and then s tops and moves  
in the opposi te  d i rec t ion.  Af ter  the d i s appea rance  of the zone of m i c r o s e p a r a t i o n  of the boundary  l aye r  ahead 
of the r e c e s s  it is c a r r i e d  off by the s t r e a m .  
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In [2, 4] in an investigation of turbulent flow in a r ece s s  the p ressure  pulsations in it are explained by the 
separat ion of turbulent vor t ices  f rom the leading edge. In the case of laminar  and t ransi t ional  flows such an 
explanation cannot be used. With a laminar  mode of flow in the boundary layer  ahead of the r ece s s  a decrease  
in the Reynolds number should lead to a dec rease  in the amplitude of the pulsations, since turbulent vor t ices  
degenerate  at low values of Re, so that resonance oscil lat ions in the r ece s s  should disappear .  

The exper iments  show the opposite, however.  With a deerease  in the Reynolds number the ra t io  of the 
amplitude of the p ressu re  pulsations to the static p re s su re  ahead of the r eces s ,  Ap/pl, does not decrease  but 
increases ,  and intense pulsations are observed at low values of Re (Re =5" 104, for  example). 

If the format ion of a vortex in the laminar  mixing layer  in the r ece s s  is considered as the concluding 
phase of the p rocess  of d isappearance of the zone of separat ion flow which fo rms  periodically ahead of the 
r e ce s s ,  then such a contradict ion does not ar ise .  

We also investigated the nonsteady flow in the vicinity of a r e c e s s  when a subsonic s t r eam flows over  it. 
A shadow photograph of the flow pattern wi thMo=0.58 is presented in Fig.  2a. The acoustic waves emitted by 
the r e c e s s  propagate ups t ream,  with the source of the acoustic dis turbances  being located at the t ra i l ing  edge 
of the r e ce s s .  Behind the r e c e s s  a boundary layer  fo rms  in which a t r a in  of large vor t ices  is generated,  
especial ly  c lear ly  noted in the photograph in the mixing layer  of the base region of the cone. These vor t ices  
follow each other  with about the same separat ion l , .  

3. The amplitude of resonance oscil lat ions in a r e c e s s  depends on the Mach number M i of the outer  
s t r eam ahead of the r e ce s s ,  the Reynolds number Re, the configuration of the r e ce s s ,  and other pa ramete r s .  
Discre te  components are  observed in the spec t rum of p ressu re  pulsations in the presence of resonance osci l -  
lations. F o r  example,  with M 1 =2.1, l~ Re =4.5 "106, and Tw/T0 =1 the d iscre te  components (curve 1 in 
Fig.  3) have a level L =142 dB and exceed the continuous noise level by 15-20 riB. The spec t rum of p ressu re  
pulsations at the surface  of a model without a r ece s s  (curve 2 in Fig.  3} does not contain d iscre te  components,  
while the intensity of the continuous noise in the f requency range f =500-5000 ttz lies at the level L =110-120 
dB. Thus, the r o o t - m e a n - s q u a r e  amplitudes of the resonance pressure  oscil lat ions in a r e c e s s  exceed the root -  
mean-square  amplitude of the continuous noise at the surface of a model without a r eces s  by 12-40 t imes ,  while 
they exceed the amplitude inside the r e c e s s  by 10 t imes .  

The presence  of a d iscre te  tone in the spec t rum of p ressure  pulsations is connected with the dis turbances 
originat ing at the leading edge of the r e ce s s .  The correspondence of the frequency f ,  of the d iscre te  compo- 
nents to the frequency of these d is turbances  was verified experimental ly on models of the second group (depth 
of r e c e s s  15-25 mm), on which shadow photographs could be obtained and the spec t rum of p ressure  pulsations 
measured  simultaneously.  The frequencies  of the dis turbances  measured  with the disk scanner  coincided with 
the f requency of the d i scre te  component (the difference did not exceed 5%). Therefore ,  in the wind tunnels on 
smal l  models where it was impossible to mount a detector  of p ressu re  pulsations, the frequency of the d is -  
cre te  component was measured  with the disk scanner .  

At subsonic velocit ies of the outer  s t r eam the experimental  values of f ,  were determined f rom photo- 
graphs obtained on the ball is t ic  installation. In this case it was assumed that dis turbances  in the s t r eam prop-  
agate through the gas with the speed of sound. Then the distance between two success ive  compress ion  waves 
near the surface of the cone is b = ( a  1 - ul)T0, where a i and u i are  the speed of sound and the s t r eam velocity 
near the surface  of the cone and v 0 = l / f ,  is the period of the osci l lat ions.  The quantity b was measured on the 

'ql -- Ul Ul (~1 __ l) I~'[1 = g~. photographs while the value of f ,  was calculated f rom the equation ] .  = b b ' 

In these calculat ions it was also assumed that M t = M o in the investigated flows. Additional experiments  showed 
that  this equality is satisfied with an accuracy  of ~ 5% for a subsonic flight velocity and cones with half-angles 
0 -< 15 ~ at the apex. 
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Let us consider  the dependence of the dimensionless  f requeccy  of resonance p res su re  osci l lat ions,  Sh = 
f . / /u  l, in a rec tangular  r e c e s s  (a I =~2 =90~ on the pa ramete r s  M1, Re, Tw/T0, /0, and 5/tl (6 is the thickness of 
the boundary layer  ahead of  the recess )  determining the flow in the r eces s .  In the investigated range the 
Strouhal number Sh hardly depends on the length of the r ecess ,  the Reynolds number,  the relat ive t empera ture ,  
or  the relat ive thickness 5/h of the boundary layer  ahead of its separat ion at the leading edge of the r eces s .  
The Strouhal number also does not depend on the mode of flow in the boundary layer  ahead of the r ece s s  (lami- 
nar, t ransi t ional ,  or  turbulent).  With a laminar  mode of flow in the boundary layer  ahead of the separat ion 
point the presence  of a t rans i t ion  in the mixing layer  does not affect the Strouhal number. The determining 
pa rame te r  for  the dimensionless  f requency of the d iscre te  component of p ressure  pulsations in a rec tangular  
r ece s s  is M 1. In Fig.  4 we present  experimental  dependences of the Strouhal number on the Mach number of 
the outer s t r eam ahead of the r ece s s  (three tones of the resonance oscil lations) (points 1 are the resu l t s  of the 
present  work, 2 are those of [1], and 3 are those of [3]). The value of Sh dec reases  with an increase  in M 1. The 
level of the d i scre te  component in the spec t rum of p ressu re  pulsations also dec reases ,  and at M i ~ 3.5 the d is -  
cre te  components (resonance oscillations) disappear .  The resul ts  of the experiments  per formed in the present  
work agree with the resu l t s  of [1, 3], in which the Strouhal number was measured with M 1 =1.5, 1.8, and 3. In 
the present  work the range of variat ion of the determining pa ramete r s  is expanded. The resul t s  presented 
cover  the intervals of M 1 = 0.6-3.5, Re =5 �9 104-6 �9 107, Tw/T 0 = 0.5-1.0, l ~ =1-5,  and 5"*/11= 0.5 �9 10-2-2.0 - 10 -2 
(6**is  the momentum- loss  thickness in the boundary layer  ahead of the recess ) .  

The influence of the angle of inclination a~ of the t ra i l ing wall of the r e c e s s  on the frequency of the r e s o -  
nance oscil lat ions was investigated. Variation of a 2 in the interval  of 80-160 ~ hardly affects the dimensionless  
f requency f .  of the d iscre te  components of p ressu re  pulsations, although it does influence the amplitudes of 
these components.  In par t icular ,  with M I =1.5 and 2, Re =1.6 �9 105-5-105, l ~ =2, and Tw/T0 =1 the d iscre te  com-  
ponents in the pulsation spec t rum are not observed at O~ 2 ~ 160 ~ while with M I =2.5 and the same values of Re, 
/0, and Tw/T 0 they are not observed at a2->130 ~ 

Let us consider  the influence of an additional cavity formed by mounting a def lector  of length z at the 
t ra i l ing edge of a rec tangular  r e c e s s  (a 1 =a 2 -90~ In Fig.  5 we present  the resul ts  of experiments  with M 1 = 
2.1, T J T  0 =1, and l ~ =2.5 (l~ =(l  +z)/h, l being the distance f rom the leading edge to the deflector) .  Points 1-3 
cor respond to values of Re =1.5 �9 106, 4.5 �9 106, and 1.6 �9 107. The value of S h = f , l / u  l dec rea se s  with an increase  
in z ~ = z / l .  The level of the d iscre te  component falls simultaneously;  e.g., it is 15 dB lower with z ~ =1.5 than 
with z ~ = 0. 

4. A method of calculating the frequencies  of the d i scre te  components in the p res su re  pulsation spec-  
t r u m  can be constructed on the basis  of the nonsteady pattern of flow over a r e c e s s  presented in Sec. 2. The 
period v 0 of resonance p ressu re  osci l lat ions in a r e c e s s  is equal to the sum of three quantities: the t ime v 1 = 
l / u .  of passage of a vortex f rom the leading edge of the r e c e s s  to its t ra i l ing edge, the t ime v 2 of passage of a 
compress ion  wave inside the r ece s s  f rom the t ra i l ing to the leading edge with allowance for the t ime of 
reflect ion f rom the walls,  and the delay t ime r~ in the descent  of the vortex, i.e., r 1 +v  2 +v~ =nr0, where n is the 
number of the tone. This express ion  can be wri t ten in the fo rm of a phase relat ion 

91 + q~2 + ~3 ----- 2nn; (4.1) 

A i s i n  q~i 

+ (4.2) r -~ kl l ,  ~ ~ k J e f  ~ arctan ,7 ~_2 A i cos ~ 
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where ~oi=k2li=2?ru~l~ Sh; k 1 =2z'f,u~l; k 2 =27rf,a~l; Sh=f , /u i ' l ;  ulo =ul/ao; l ~ =li / l ;  a o is the speed of sound in the 
1 

r ecess ;  l i is the distance f rom the i-th source  to the leading edge of the r eces s .  

The p res su re  pulsations inside the r ece s s  depend on the shape of its boundaries,  the location of the actual 
acoustic source ,  and the wavelength of the osci l lat ions.  The actual source,  as shown in Sec. 2, is located at the 
point of interact ion of a vortex with the t ra i l ing  edge of the r e ce s s .  The virtual  sources  are constructed by the 
method of ref lect ion of the actual source  in the solid boundaries of the r eces s ,  which are t rea ted  as m i r r o r  
sur faces .  

As was shown, for a laminar  boundary layer  a vortex of large size is formed in the zone of mic rosep-  
aration of the boundary layer  ahead of the r e c e s s .  If the flow in this zone is assumed to be quasisteady,  then 
disruption of the mic rosepara t ion  will occur  after  0.25r 0 (the t ime f rom the maximum pressu re  in the wave to 
a value of A p = 0  in it), and hencethe delay in the  descent  of a large vortex is V3=0.25T 0 (q~ =~r/2). 

Then f rom Eqs.  (4.1) and (4.2) we obtain 

~ A i sin r (4.3) 

Calculation by Eq. (4.3) is ca r r i ed  out by the method of success ive  approximatioffs. As the zeroth  ap- 
proximation one takes the Strouhal number Sh 0 calculated for  one actual source only (without ref lect ion of waves 
inside the recess ) :  

r, - 0.25 (4.4) 
Sll~ - -  ,,~--t- t/~ 

Fo r  a turbulent boundary layer  ahead of the r ece s s  the values of ~01 and ~02 remain  the same as for lami-  
nar flow. If one assumes  that the phase ~03 also equals ~/2 for  a turbulent boundary layer,  then the value of Sh 
will be determined by Eqs.  (4.3) and (4.4), as with a laminar  mode of flow in the boundary layer .  

F o r  a supersonic  turbulent mixing zone with M 1 =2.1 a value of X=0.45-0.65 was obtained in the present  
work. In the middle of the turbulent mixing zone of a subsonic Jet escaping into the a tmosphere  the velocity of 
motion of vor t ices  is ~, =0.52-0.65,  according to the experimental  data of [8]. To make calculations by Eqs. 
(4.3) and (4.4) we take ~ =0.6 for both a turbulent and a laminar  mixing zone. The resul ts  of a calculation by 
Eq. (4.4) are presented in Fig.  4. The calculated dependences (solid lines) agree with the experimental  data 
(points 1-3) in a wide range of M 1. 

The influence of the depth of the r ece s s  can be est imated using Eq. (4.3). The appropriate calculations 
were made with allowance for  four sources ,  one actual and three  virtual.  It was assumed that all the sources  
have the same power. The resul ts  of the calculations showed that there  is a smal l  decrease  in the Strouhal 
number with an increase in the depth of the r ece s s  (with a change in l ~ f rom 5 to 1 the value of Sh dec reases  by 
~ 5%). A decrease  in the power of the vir tual  sources  by 1.5 t imes  in compar ison  with the power of the actual 
source  changes the resul t  by ~ 1%. 

One can use Eq. (4.3) to determine the Strouhal numbers for r e c e s s e s  of a rb i t r a ry  shape with sharp  r ims  
present  on the leading and t ra i l ing  walls of the r e ce s s .  Rounding of the profile of the t ra i l ing  wall of the r e c e s s  
in the region of the point of at tachment of the mixing layer  can lead to the disappearance of the resonance osc i l -  
lations, while rounding of the edge of the leading wall affects the formation of a vortex.  Equations (4.3) and (4.4) 
allow one to calculate Sh both with M 1 >1 and with M I <1. 

In the present  work Eq. (4.3) was used to determine the influence on the Strouhal number of the inter-  
ference of an acoustic wave inside the r e c e s s  upon a change in the shape of the lat ter .  In Fig.  5 we present  the 
resu l t s  of a calculat ion of the dependence of Sh on the length z ~ of the deflector  (solid lines) for a r eces s  with a 
def lector  near the t ra i l ing  wall (l ~ =2.5) for  M 1 =2.1. The resul ts  of the calculation are in sa t i s fac tory  agree-  
ment with the exper imental  data. 

Calculations of the influence of the angle of inclination e2 of the t ra i l ing wall of the r ece s s  on the Stroahal 
number for M 1 =1.5 and 2.0 were also made f rom Eq. (4.3). An increase  in c~ 2 f rom 90 to 160 ~ leads to a slight 
dec rease  in Sh. The exper imental  data confi rm this resul t .  
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E L E C T R O M A G N E T I C  M E T H O D  OF M E A S U R I N G  MA S S  V E L O C I T Y  

A ND E L E C T R I C A L  C O N D U C T I V I T Y  W H I C H  V A R Y  A L O N G  T H E  S T R E A M  

A.  V.  P i n a e v  UDC 53.082.7+538.4 

1. A theory  of veloci ty measu remen t  in an MHD channel  with allowance for  nonuniformit ies  of the mag- 
netic field, mass  veloci ty,  and e l ec t r i ca l  conductivity ac ross  the channel is presented  in [1, 2] in connection 
with the problem of the e lec t romagnet ic  measuremen t  of flow ra te .  The solution of the problem of the e lec t r i c  
field dis t r ibut ion for  a s t r e a m  with a constant e l ec t r i ca l  conductivity and a mass  velocity which var ies  along 
the channel is presented  in [2]. A method of e l ec t r i ca l  contact  measuremen t s  is presented in [3, 4] which gives 
a good enough reso lu t ion  to obtain the profi le  of e l ec t r i ca l  conductivity which var ies  along the s t r e a m  on the 
example of a detonation wave in a solid explosive,  and an es t imate  of the accuracy  of the method is given. A 
survey  of e l ec t r i ca l  measu remen t s  of e l ec t r i ca l  conductivity is given in [5]. 

Noncontact methods of measuremen t ,  which are  modifications of Lin ' s  method [6], are unsuitable for  
measur ing  the e l ec t r i ca l  conductivity of a medium when the velocity va r ies  along its s t r eam.  The e l ec t r i ca l  
contact  method [4] allows one to obtain the profi le  of e l ec t r i ca l  conductivity in a detonation wave with good spa-  
t i a l  resolu t ion ,  but it does  not yield any data  on the mass  veloci ty of the s t r eam.  

In a number of p rac t ica l  p roblems,  such as i n th e  case  of the investigation of shock and detonation waves,  
the dependence of the mass  veloci ty and the e l ec t r i ca l  conductivity on the coordinate  along the s t r e a m  proves 
important .  The accuracy  of the MHD contact  measuremen t  of a m a s s - v e l o c i t y  profi le  was es t imated  in [7] and 
it was shown that  MHD contact  m e a s u r e m e n t s  of the profi le  of e l ec t r i ca l  conductivity are  possible when the 
mass -ve loc i ty  profi le  is not known in advance. 

However,  the MHD contact  method is unsuitable for  de te rmin ing  the mass -ve loc i t y  profi le  when it var ies  
significantly along the s t r eam,  such as in a detonation wave, since the e r r o r  of the velocity measu remen t  is 
large  [7]. And for  the same r ea son  it is undesirable  to use the method of e lec t romagnet ic  measuremen t s  sug- 
gested in [8] to de te rmine  the prof i les  of mass  veloci ty and re s i s t ance  in detonation waves.  

In the present  r epo r t  a method of contact  e lec t romagnet ic  measu remen t s  is descr ibed  and the conditions 
for  such measu remen t s  are  found which allow one to el iminate the influence of the nonuniformity of the mass  
veloci ty  and e l ec t r i ca l  conductivity on the accuracy  of the i r  de terminat ion.  

2. A schemat ic  d iagram of the measu remen t s  is presented  in Fig.  1. A medium with a mass  veloci ty 
v(z) and an e l ec t r i ca l  conductivity a(z), where  z is the coordinate  along the s t r eam,  propagates  along the z 0 
axis of a channel of c i r cu l a r  c ro s s  sect ion with conducting walls .  A coaxial  conductor  1 is fastened at the cen-  
t e r  of the channel. The channel consis ts  of a cy l indr ica l  capaci tor ,  the cen t ra l  1 and outer  plates 2 and 3 of 
which se rve  as the e l ec t rodes .  The outer  plate is fo rmed  by two metal l ic  cy l inders  separa ted  by an insulating 
space r  4. The cy l inders  are  e l ec t r i ca l ly  connected with each other  by a connector  5. 
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