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A new effect,  a r i s ing in the interact ion of adiabatic jets with inclined b a r r i e r s ,  is d iscovered,  
consist ing in the fact  that near  the b a r r i e r  the jet  divides into cooled and heated s t reams  with 
stagnation t empera tu res  significantly lower and higher than the stagnation tempera ture  of the 
oncoming jet. 

Despite the fact  that a considerable number of r epor t s  have been devoted to the study of the interaction 
of jets with b a r r i e r s  (in view of the importance of this field of aerodynamics) ,  the question of the actual d i s -  
tr ibution of stagnation t empera tu res  in establ ished adiabatic s t r eams  near inclined b a r r i e r s  had remained un- 
noticed ear l ier .  The fact  that near an inclined ba r r i e r  an adiabatic jet  divides into par ts  with stagnation t em-  
pe ra tu res  significantly higher and lower than the stagnation tempera ture  of the oncoming jet  was f i r s t  repor ted  
briefly in [1]. 

A d iagram of the experimental  model is presented in Fig. 1. A Laval nozzle with an exit c ross  section 
25 mm in d iameter  and a ra ted Mach number of 3.25 was used to create  an ax i symmet r ic  jet  of dry  air.  The 
true Mach number ,  es t imated f rom the distr ibution of static p r e s su re  along the nozzle,  lay in the range of 0.95- 
2.04. In this case the available p r e s su re  drop at the nozzle was ~r = p0/p = 2.88-14.7. The air  jet escaping f rom 
the nozzle a flowed over  an inclined plane b a r r i e r  b of s tainless steel ,  on which five KhK thermocouples  were 
located which were connected to an EPP-09M3 automatic potent iometer  with continuous char t  recording.  The 
thermocouple  readings were recorded  every  5 sec. The center  0 of the b a r r i e r ,  inclined at a 40 ~ angle to the 
je t  axis,  stood 92 mm away f rom the nozzle cut. The stagnation tempera ture  t o and the total p r e s s u r e  P0 of 
the air  at  the nozzle inlet and the p re s su re  p at its outlet were  measured.  The counte rpressure  in the exhaust  
sys tem was created with interchangeable plugs having cal ibrated openings for the discharge of air  into the 
a tmosphere .  The air  flow ra te ,  measu red  with a standard diaphragm,  lay in the range of m = 0.09-0.25 kg/sec. 

Depending on the modes of operation of the nozzle,  the following distr ibutions of the stagnation t empera -  
tures  t i of dry air  at an inclined plane b a r r i e r ,  presented  in Table 1, were  obtained. As is seen,  a significant 
difference in the t empera tu res  at the b a r r i e r ,  reaching 24.5~ is detected in the exper iments ,  there being 

Fig. 1. Diagram of jet flow over an inclined 
b a r r i e r :  a) Laval nozzle;  b) inclined ba r r i e r ;  
c) cooled s t ream;  d) heated s t ream.  
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TABLE 1. Distribution of Stagnation Tempera tu res  at the 
Surface of an Inclined Flat  Ba r r i e r  over Which an Adia-  
batic Ax i symmet r i c  Air  Jet  Blows (t, ~ 
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Fig. 2. Typical  osc i l logram of se l f -osc i l -  
lations of an ax i symmet r i c  a i r  jet  flowing 
onto an inclined plane b a r r i e r :  upper beam) 
pickup mounted at point 5; lower beam) 
pickup mounted at point 3; sweep ca l ib ra -  
tion 0.002 see /cm;  P0 = 15 bar;  ~ = 14.7 

points with t empera tures  both exceeding t o and less  than t 0. The difference between the readings of the ther -  
mocouples mounted at points 2 and 4 is due to the placement  of the exhaust  sys tem to one side of the nozzle,  
d is tor t ing the s y m m e t r y  of the flow of the cooled and heated s t r eams  relat ive to points 2 and 4. In moving 
toward the exhaust window the cooled s t r eam is again par t ly  mixed with the heated s t r eam in the lower par t  
o f t h e  b a r r i e r ,  as a resu l t  of which the a i r  t empera ture  at point 4 proves  to be somewhat higher than that at 
point 2 in all modes ,  as seen f rom Table 1. A decrease  in P0 f rom 15 to 6 bar leads to an increase  in the 
tempera ture  of the cooled air  s t ream.  For  example,  with a change in ~ f rom 10.8 to 6.03 the tempera ture  of 
the cooled s t r eam r i s e s  f rom - 11 to - 4~ with the tempera ture  of the heated s t r eam hardly changing. The 
absolute magnitude of the effect  becomes less  with an increase  in p. 

It is impossible to explaln the d iscovered phenomenon by the presence  of a throttle effect ,  since this 
effect compr i ses  1.5-2.5~ in the investigated region of a ir  p r e s s u r e s  and tempera tures .  And it cannot be 
explained by heating as a resul t  of heat exchange with the surrounding medium, since it could not exceed 1-2~ 
under the mos t  unfavorable conditions. We note that with variat ion in P0 the tempera tures  ti at the b a r r i e r  also 
vary  rapidly,  which shows the absence of any external  hea t - t r ans fe r  effects.  

In o rder  to clarify the physical  nature of the d iscovered phenomenon we mounted TsTS-19 p iezoelec t r ic  
pickups, whose rece iver  openings with a d iameter  of 5 mm were  protected by steel foil 0.1 mm thick, at points 
1, 3, and 5 of the inclined b a r r i e r  where thermocouples  were located before.  The signals were read out on 
the dual-beam cathode of an S1-17 osci l lograph,  one channel of which was constantly connected with the pickup 
at point 3 while the second was al ternately  connected with the pickups at points 1 and 5. The modes indicated 
in Table 1 were repeated in these exper iments .  

Aperiodic se l f -osci l la t ing p roces se s  with variable amplitudes and frequencies ,  r ecorded  by each of the 
three pickups,  were detected. The intensity of the sel f -osci l la t ions  increased  with an increase  in P0 while it 
dec reased  with an increase  in p, and at large coun te rp ressures  all the non-s teady-s ta te  p roces se s ,  and with 
them the effect of tempera ture  redis t r ibut ion at the b a r r i e r ,  prac t ica l ly  disappeared for any P0. As seen f rom 
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T A B L E  2. R e l a t i v e  D i s t r i b u t i o n  of S tagna t ion  T e m p e r a t u r e s  a t  the  
Su r f ace  of an I n c l i n e d  P l a n e  B a r r i e r  o v e r  Which  A d i a b a t i c  T~,o-  

P h a s e  A x i s y m m e t r i c  J e t s  F l o w  (t ,  ~ 

Air + diethylene Air + diethylene 
Iet glycol solution Air + water , glycol solution Air + water 

Po, bar 15 6 15 6 15 6 15 6 
to 2 2 --  1 --3 l 0 --4 --4 
t o 21 20 18 18,5 20 20 19 19 
n 10,7 5,6 9,9 5,6 I 2,72 2,7 2,55 2,44 
n 0,224 0,229 0,135 0,199 t 0,0995 0,15 0,151 0,192 
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the  t y p i c a l  o s c i l l o g r a m s  p r e s e n t e d  in F ig .  2, the  s i g n a l s  of the two p i c k u p s  a r e  s y n c h r o n o u s  whi le  the a m p l i -  
t u d e s  v a r y  in i n v e r s e  p r o p o r t i o n  to  the  f r e q u e n c i e s :  h i g h - a m p l i t u d e  s i g n a l s  a r e  l o w - f r e q u e n c y  wh i l e  l o w - a m -  
p l i t ude  s i g n a l s  a r e  h i g h - f r e q u e n c y  (the u p p e r  b e a m  is  p i ckup  5). 

A n a l o g o u s  n o n - s t e a d y - s t a t e  p r o c e s s e s  w e r e  a l s o  o b s e r v e d  in  w o r k  on t w o - p h a s e  m i x t u r e s  of  a i r  wi th  an 
aqueous  so lu t i on  of d i e t h y l e n e  g lyco l  and wi th  w a t e r .  I t  i s  i n t e r e s t i n g  to note  tha t  in t e s t s  wi th  t w o - p h a s e  m i x -  
t u r e s  t h e r e  w a s  s e c o n d a r y  e n e r g y  s e p a r a t i o n ,  c o n s i s t i n g  in the  f a c t  t ha t  the  n o n f r e e z i n g  l i qu id ,  i n i t i a l l y  coo l ed  
u n i f o r m l y  in the  L a v a l  n o z z l e ,  a c q u i r e s  c o n s i d e r a b l y  unequa l  t e m p e r a t u r e s  a t  d i f f e r e n t  po in t s  n e a r  the  i n c l i n e d  

b a r r i e r .  

The  d i s t r i b u t i o n  of  t e m p e r a t u r e s  t i  a t  a p l a n e  b a r r i e r  in w o r k  on t w o - p h a s e  m i x t u r e s  i s  g iven  in T a b l e  2. 
The  l iqu id  f low r a t e ,  m e a s u r e d  v o l u m e t r i c a l l y ,  l a y  in the r a n g e  of m ~ = 0 .0126-0 .054  k g / s e c .  B e c a u s e  of the 
s e p a r a t i o n  of l iqu id  p a r t i c l e s  n e a r  the b a r r i e r  the  d i s t r i b u t i o n  of  t e m p e r a t u r e s  t i f o r  t w o - p h a s e  m i x t u r e s  does  
not  co inc ide  wi th  tha t  f o r  d r y  a i r .  M o r e  u n i f o r m  d i s t r i b u t i o n  of the  t e m p e r a t u r e s  t i o v e r  the  s u r f a c e  than  in 
w o r k  on n o n f r e e z i n g  s o l u t i o n s  of  d i e t h y l e n e  g l y c o l  i s  o b s e r v e d  fo r  w a t e r  in the  c a s e  of i t s  p a r t i a l  f r e e z i n g  a t  
the e x i t  f r o m  the  n o z z l e  and a t  the b a r r i e r .  In t e s t s  w h e r e  the  w a t e r  does  not  f r e e z e  t h e r e  is  a l s o  a m a r k e d  
r e d i s t r i b u t i o n  of  t e m p e r a t u r e s  a t  the b a r r i e r .  
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t o t a l  a i r  p r e s s u r e  a t  n o z z l e  in l e t ;  
s t a t i c  a i r  p r e s s u r e  a t  nozz l e  ex i t ;  
p r e s s u r e  d r o p  a t  n o z z l e ;  
s t a g n a t i o n  t e m p e r a t u r e  of  a i r  a t  n o z z l e  in l e t ;  
s t a g n a t i o n  t e m p e r a t u r e  of a i r  a t  i - t h  p o i n t  of b a r r i e r  s u r f a c e ;  
l i qu id  t e m p e r a t u r e  a t  n o z z l e  in l e t ;  
m a s s  f low r a t e  of a i r ;  
m a s s  f low r a t e  of l iqu id ;  
r e l a t i v e  f low r a t e  of l iqu id .  
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