
into nozzle; APinit ,  additional p r e s s u r e  losses  in initial  sect ion of channel caused by unsteady mode of flow; 
APend, end effect  in flow of liquids in cyl indr ical  nozzles;  Linit ,  length of sect ion of stabil ization of velocity 
profi le  in channel; / in = nR, inlet  cor rec t ion ;  /geom,  "geometr ica l"  o r  "Couette" cor rec t ion ;  7, v iscosi ty  of 
liquid; p, density; Re, Reynolds number;  Co, "hole constant .  " 
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E N E R G Y - S E P A R A T I O N  E F F E C T  IN A GAS E J E C T O R  

A.  A.  S t o l y a r o v  UDC 533.697.5 

A new effect  of inverse  energy separat ion in a gas e jec tor  is d iscovered.  

In those cases  when the output c ross  section of a constr ic t ing mixing chamber  of a gas e jec tor  is blocked 
to d ischarge  or  when an e jec to r  with a cyl indr ical  mixing chamber  works against a gr id  with a high enough 
hydraulic r es i s t ance  the r e v e r s e  d ischarge  of the ejecting gas f rom the mixing chamber  through the inlet for  
the e jected gas can take place.  Despite the fact  that such modes have an important  effect on the operat ion of 
a whole s e r i e s  of sy s t ems ,  including the gas e jec tors  of supersonic  wind tunnels and the tes t  stands of jet  
engines,  for  example ,  especia l ly  during s t a r t -up ,  insufficient attention has been paid to thei r  investigation. 

In the course  of exper imenta l  studies of the indicated modes of operat ion of a gas e jec tor  operat ing on 
a i r  at a high absolute p r e s s u r e  we d iscovered  a new effect  of inverse  energy separat ion in a homogeneous gas 
s t r e a m  which is init ially steady with respec t  to the stagnation p r e s su re s  and t empera tu res ,  consist ing in the 
fact  that the different  a i r  zones moving along the e jec tor  acquire  different  t em p e ra tu r e s ,  with some of them 
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F ig .  1. D i a g r a m  of e x p e r i m e n t a l  appara tus :  1) in le t  s l ide  
valve;  2) supe r son ic  nozzle ;  3) mixing chamber ;  4) i n t e r -  
changeable  d i aphragm;  5) di f fusor ;  6) f o r e c ha m be r ;  7) 
th ro t t l e ;  8) nea r  th ro t t l e .  

having t e m p e r a t u r e s  f a r  h igher  than the s tagnat ion t e m p e r a t u r e  of the en te r ing  a i r  while o thers  have a cons id-  
e r a b l y  lower  t e m p e r a t u r e .  

The e x p e r i m e n t a l  e j e c t o r  had a supe r son ic  conica l  nozzle  with a th roa t  d i a m e t e r  and exi t  c r o s s  sec t ion  
of 5.2 and 11.6 m m  with an angle of expansion of 10 ~ and a c y l i n d r i c a l  mixing c ha m be r  with a d i a m e t e r  of 30.5 
mm and a length of 10 d i a m e t e r s .  The s ame  nozzle  cut off a t  20 mm was used in subsequent  s tud ies .  The 
exi t  c r o s s  sec t ion  of the mixing c h a m b e r  was shut off with in te rchangeab le  d i a p h r a g m s .  In one of them there  
was a c e n t r a l  opening with a d i a m e t e r  of 4.8 m m  while the  o the r  had no opening at  a l l .  Fol lowing the d i a -  
p h r a g m  there  was a d i f fusor  with a length of 154 mm and an expansion angle  of 10 ~ 

A d i a g r a m  of the e x p e r i m e n t a l  appa ra tus  containing the e j e c t o r  is  p r e s e n t e d  in F ig .  1. C o m p r e s s e d  
a i r  f rom a c o m p r e s s o r  was fed through the in le t  s l ide  valve 1 into the supe r son ic  nozzle  2 of the e j e c to r  and 
then into the mixing c h a m b e r  3. P a r t  of the a i r  was e jec ted  through the opening in the d iaphragm 4 into the 
a t m o s p h e r e  through the d i f fusor  5. The r e s t  of the a i r  flowed out of the mixing chamber  into the f o r e c h a m b e r  
6 of the appa ra tus  and was a l so  vented into the a t m o s p h e r e  through the th ro t t l e  7. A nea r  th ro t t l e  8 was placed 
in the d i f fusor  to c r e a t e  a r e s i s t a n c e  a f t e r  the d i aph ragm.  The c h a r a c t e r i s t i c  cu rves  of the gas  e j e c to r  were  
taken with the help of th ro t t l e  7 through the c r ea t i on  of a r e s i s t a n c e  in the f o r e c h a m b e r  6. The a i r  p r e s s u r e s  
at the in le t  to the supe r son ic  nozz le ,  in the f o r e c h a m b e r ,  and before  and a f t e r  the d iaphragm were  m e a s u r e d  
with s t anda rd  sp r ing  m a n o m e t e r s .  The a i r  t e m p e r a t u r e s  at  the nozzle  in le t ,  in the f o r e c h a m b e r ,  in the m i x -  
ing c h a m b e r  (at a d i s tance  of 95 mm f rom the in le t ) ,  and before  the d i aphragm were  r e c o r d e d  with KhK t h e r -  
mocouples  connected to an EPP-09M3 automat ic  e l ec t ron ic  po ten t iomete r  with " in te r roga t ion"  of the t h e r m o -  
couples  eve ry  5 sec  and continuous r eco rd ing  on a g raph .  The a i r  flow ra t e  at the inlet  to the e j e c t o r  was 
m e a s u r e d  with a s t anda rd  d i aphragm while the a i r  flow ra t e  through the opening in d iaphragm 4 was de t e rmined  
f rom the p r e s s u r e  d rop .  Al l  the s tudies  were  conducted with an a i r  p r e s s u r e  of 10-40 bar  a t  the in le t  to the 
e j e c t o r  (at p r e s s u r e s  l e s s  than 10 b a r  the e n e r g y - s e p a r a t i o n  effect was p r a c t i c a l l y  not observed) .  

The e x p e r i m e n t a l  c h a r a c t e r i s t i c  cu rves  of the gas  e j e c t o r  a r e  p r e s e n t e d  in F i g s .  2 and 3. C h a r a c t e r -  
i s t i c  cu rves  taken with the d i aph ragm having an opening, through the c rea t ion  of a r e s i s t a n c e  in the f o r e -  
chambe r  with th ro t t l e  7, when the nea r  th ro t t l e  8 was fulty open, a r e  given in Fig .  2. The quantity At 0 at the 
end of the mixing chambe r  was found as  the d i f fe rence  (t03 --  t01) while in the f o r e c h a m b e r  i t  was found as the 
d i f fe rence  (t02 - -  t01). The, o r ig ina l  supe r son ic  nozzle  was used in these  t e s t s .  As the th ro t t l e  was c losed  the 
p r e s s u r e  in the f o r e c h a m b e r  i n c r e a s e d  and the flow r a t e  of a i r  through the d i aphragm,  the p r e s s u r e  drop at  
which was s u p e r c r i t i c a l ,  i n c r e a s e d  acco rd ing ly .  The max imum heating of the a i r  at  the end of the mixing 
c h a m b e r  was 13~ fo r  P01 = 40 b a r ,  10.5~ for  P01 = 30 b a r ,  and 8.5~ for  P01 = 20 ba r .  With an i n c r e a s e  in 
the p r e s s u r e  in the f o r e c h a m b e r  the heat ing at  the end of the mixing c ha m be r  d e c r e a s e d ,  and s t a r t i ng  with a 
c e r t a i n  t ime  an inve r s ion  se t  in,  i . e . ,  the a i r  at the end of the mixing c ha m be r  was no longer  hea ted ,  but on 
the c o n t r a r y  was coo led ,  with the cold and hea ted  zones g radua l ly  changing into one another  along the length 
of the e j e c t o r .  In these  t e s t s  we obtained the following values  of the max imum cooling of the a i r  at  the end 
of the mixing chamber ;  19~ fo r  P01 = 40 b a r ,  16~ for  P01 = 30 b a r ,  and 13.5~ for  P01 = 20 ba r .  We note that  
in  the p r e s s u r e  range  of P01 = 30-40 ba r  and t01 = 9~ the absolute  cooling of the a i r  to minus 7.5-10~ was 
a t ta ined  with th ro t t l e  7 fully c losed  in the mode when a l l  the a i r  f lowed out through the d i aphragm (p = 1). The 
co r r e spond ing  i n t e g r a l  th ro t t l e  effects  on a washe r  with an opening 4.8 mm in d i a m e t e r  m e a s u r e d  under  the 
same  condi t ions were  8, 5, and 2.5~ 

In the f o r e c h a m b e r ,  where inve r s ion  was a l so  o b s e r v e d ,  i . e . ,  with a c e r t a i n  r e s i s t a n c e  the a i r  in i t  
was heated r a t h e r  than cooled ,  the max imum a i r  cooling exceeded the indica ted  values  of the th ro t t l e  effect  
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Fig. 2 Fig. 3 
Fig. 2. Dependence of change in stagnation temperature of air on relative flow rate through dia- 
phragm: I~ airpressureP0 i =lObar; 21 20; 3) 30); 4) 40 bar; 5) change in air temperature at end of mix- 
ing chamber; 6) the same in foreehamber. At0, ~ 

Fig. 3. Dependence of change in stagnation temperature of air on pressure drop in forechambet ~ with 
a fixed position of the near throttle: I) parameters in forechamber; 2) the same at end of mixing cham- 

ber; 3) P~4 = 1 bar; 4) 13; 5) P~t = 25; P0t = 40 bar; t01 =--3-13~ 

by only 1.5-5~ The heating also proved to be less, while the start of inversion in the forechamber corre- 
sponded to a larger resistance (larger/x) than occurred for the processes at the end of the mixing chamber. 

The further tests, in which the resistances inthe forechamber and after the diaphragm with the opening 
were varied, were performed on the shortened nozzle. First with throttle 7 fully closed ~u = I) the energy- 
separation effect was tested through the creation of a resistance only by the nea~' throttle 8. It was estab- 
lished that in a wide range of variation of the pressure ratio P03/P04 > 5 at the diaphragm the cooling of air at 
the end of the mixing chamber remains practically constant and reaches 15~ for P01 = 40 bar and 12~ for P01 = 
30 bar. The shortened nozzle in conjunction with the original mixing chamber showed poorer results. The 
heating of air in the foreehamber was I-4.5~ It is interesting to note that a noticeable reduction in the cool- 
ing effect at the end of the mixing chamber begins even with supercritical pressure drops at the diaphragm 
(P03/P04 = 2-5)  and  at  the  l o w e r  l i m i t  i t  r e a c h e s  the  m a g n i t u d e  of the  i n t e g r a l  t h r o t t l e  e f f ec t .  

By f ix ing  the p o s i t i o n  of the  n e a r  t h r o t t l e  8 (or by a s s i g n i n g  the  r e s i s t a n c e  P~4 with  t h r o t t l e  7 ful ly  shu t ,  
which  i s  the  s a m e  thing) i t  was p o s s i b l e  to  m a i n t a i n  the  n e c e s s a r y  p r e s s u r e  r a t i o  P03/P04 at  t he  d i a p h r a g m  
whi le  t ak ing  the  c h a r a c t e r i s t i c  c u r v e s  with t h r o t t l e  7. Such c h a r a c t e r i s t i c  c u r v e s  fo r  t h r e e  v a l u e s  of P~4 = 1, 
13, and 25 b a r  and  P01 = 40 b a r  a r e  p r e s e n t e d  in  F i g .  3. As  i s  s e e n ,  in  the  c a s e  of a fu l ly  open n e a r  t h r o t t l e  
(P~4 = 1 ba r )  the  r a n g e  of P0JP04 f o r  the  i n v e r s e  c h a r a c t e r i s t i c  c u r v e s  i s  r a t h e r  l a r g e  (curve  3) and as  t h r o t t l e  
7 i s  opened  the r a t i o  P0JP04 d e c r e a s e s  f r o m  24.2 to 3.7; p v a r i e s  l i n e a r l y  f r o m  0.845 to 0.072; At  0 in the  f o r e -  
c h a m b e r  v a r i e s  i n v e r s e l y  f r o m A t 0 c  = 3~ to At0h = 9.7~ whi le  a t  the end of the m i x i n g  c h a m b e r  At 0 i s  t r a n s -  
f o r m e d  in the o p p o s i t e  way  f r o m  At0c = 12.8~ to At0h = 5.2~ A r e d u c t i o n  in the r a n g e  of P0JP0t a long  the in -  
v e r s e  c h a r a c t e r i s t i c  c u r v e s  i s  a c h i e v e d  by c l o s i n g  down the n e a r  t h r o t t l e .  F o r  e x a m p l e ,  i f  P04 = 13 b a r  ( cu rves  
4) and t h r o t t l e  7 i s  opened then  the r a t i o  P0JP04 only  d e c r e a s e s  f r o m  3.22 to 2.4 wi th  a l i n e a r  variatfLOn in # 
f r o m  1 to 0.076. In the f o r e c h a m b e r  At  0 t a k e s  on v a l u e s  of  f r o m  At0c = 0.7~ to At0c = 10.5~ whi le  a t  the end 
of the m i x i n g  c h a m b e r  i t  t a k e s  on va lue s  of f r o m  At0c = 9~ to At0h = 2.5~ F o r  P~t = 25 b a r  (curve  s 5~ with  
t h r o t t l e  7 c l o s e d  P03/P04 only  i n c r e a s e s  f r o m  1.55 to 1.69; # i n c r e a s e s  f r o m  0.073 to 0.923; At  0 in the f o r e -  
c h a m b e r  t a k e s  on v a l u e s  of f r o m  At0c = 10.5~ to At0c = 2.3~ whi le  a t  the  end of the  m i x i n g  c h a m b e r  we have  
At0h = 4.5~ and At0c = 6.8~ r e s p e c t i v e l y .  We note  tha t  in  the  i nd i ca t ed  r a n g e  of r e g u l a t i o n  of  the  n e a r  t h r o t -  
t l e  the  m a x i m u m  coo l i ng  in the  f o r e c h a m b e r  r e m a i n s  a l m o s t  unchanged  wh i l e  the  c o o l i n g  e f f ec t  i s  d e c r e a s e d  
a t  the  end of the  m i x i n g  c h a m b e r .  

The  i n v e s t i g a t i o n  of the  e n e r g y - s e p a r a t i o n  e f fec t  in  the  g a s  e j e c t o r  wi th  the  d i a p h r a g m  without  an o p e n -  
ing  (~ = 0) and  wi th  the  o r i g i n a l  n o z z l e  was a c c o m p l i s h e d  by c r e a t i n g  a r e s i s t a n c e  in  the  f o r e c h a m b e r .  At the  
end of  the  m i x i n g  c h a m b e r  the  a i r  was  h e a t e d  whi le  in  the  f o r e c h a m b e r  i t  was  c o o l e d ,  wi th  an  i n v e r s i o n  not 
be ing  o b s e r v e d .  The  fo l lowing  m a x i m u m  c o o l i n g s  and hea t ings  of a i r  w e r e  a c h i e v e d :  At0c = 2.5~ and At0h = 
31.5~ f o r  Pot = 20 b a r ;  At0c = 6.5~ and At0h = 48~ fo r  P01 = 30 ba r ;  At0c = 12.5~ and At0h = 59.5~ fo r  P0t = 
40 b a r .  U n d e r  the  s a m e  cond i t i ons  wi th  the  s h o r t e n e d  n o z z l e  we have :  At0c = 4.5~ and At0h = 33~ f o r  P01 = 
20 b a r ;  At0c = 7.5~ and Atoll = 37.5~ f o r  P01 = 30 b a r ;  At0c = 11.3~ and At0h --- 36~ fo r  P0i = 40 b a r .  H e r e  the  
c oo l i ng  e f fec t  p r o v e d  to  be  s o m e w h a t  h i g h e r  at  s m a l l e r  p r e s s u r e  d r o p s .  
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It is interest ing to note that in the tes ts  with the shortened nozzle the inversion could be detected at 
thermocouples  mounted at a distance of 95 mm f rom the inlet to the mixing chamber ,  consist ing in the fact 
that at a cer ta in  rat io of p r e s su re s  P01 and P02 the heating zone extended for  a considerable length of the mix-  
ing chamber  f rom the blank diaphragm. The sound of the jet discharging f rom the forechamber  changed s imul-  
taneously with the change in the readings of these  thermocouples .  In the t ransi t ional  mode of a r i se  in the 
p r e s s u r e  P01 with the opening of thrott le  7 the inversion set  in at P01 = 28.5 bar .  In the steady mode for  P01 = 
40 bar  the invers ion was achieved as follows. With P02 = 1 bar  and t01 = +I~ we had At0c = 11.3~ in the fore-  
chamber ,  At0h = 36~ at the end of the mixing chamber ,  and At0h = 24~ at the inlet to the mixing chamber.  An 
increase  in the res i s tance  to P02 = 7 ba r  led to a change in the t empera tures .  They became At0c = 9~ in the 
forechamber ,  At0h = 40.5~ at the end of the mixing chamber,  and At0c = 2.3~ at the inlet to the mixing chamber.  

N O T A T I O N  

p, p re s su re ;  t ,  t empera ture ;  At, t empera tu re  change; m, mass  flow rate;  p = m3/m, relative mass  flow 
ra te .  Indices:  0 per ta ins  to stagnation pa rame te r s ;  1: at the inlet to the ejector ;  2: in the forechamber ;  3: at 
the end of the mixing chamber ;  4: pa r ame te r s  behind the diaphragm; c: cooling; h: heating. 

PECULIARITY OF THE EFFECT OF PREHEATING 

THE MIXTURE ON THE PRESSURE DURING 

COMBUSTION IN A SEMIOPEN TUBE 

I. F. Chuchalin and Ya. M. Shchelokov UDC 536.463 

Data a re  presented on the effect of the mixture t empera tu re  on the propagation of a flame in 
a semiopen tube. It is found that preheat ing of the mixture can increase  or  decrease  the 
combustion intensity depending on the coordinate of the ignition source .  

The method of p re l iminary  heating of the mixture has been t r ied  in experimental  searches  for  possibi l -  
i t ies of increas ing the efficiency of operation of pulse chambers  [1, 2], which represent  one variant  of s e m i -  

open tubes.  

A nichrome wire which was located along the axis of a tube 0.02 m in d iameter  and 0.31 m long served 
as the heater .  A propane- -a i r  mixture ,  which was ignited with a spark  ignition source ,  was burned in the tube. 

It follows f rom the experimental  data that p re l iminary  heating of the mixture can have a twofold mutually 
opposed effect on the maximum p r e s s u r e  in the tube during the flash of the mixture.  Thus,  when the mixture 
is ignited near  the open end of the tube a considerable increase  in p r e s s u r e  is observed with an increase  in 
heater  power (curve 1 in Fig. 1), while when the mixture  is ignited near  the closed end of the tube a decrease  
in p r e s su re  was even observed (curve 2 in Fig. 1), which indicates a decrease  in combustion intensity in this 

case .  

Before the experiment  it was assumed that in both cases  the p re s su re  should increase  with heating be-  
cause of the gradient  inc rease  in the normal  propagation velocity of the f lame. Near  the heater  the velocity 
will be higher than at points fa r  f rom it. This leads to the elongation of the flame front ,  an increase  in its 
a rea ,  and at the same  t ime to a dec rease  in the combustion t ime of the mixture.  And the fas te r  the mixture 
burns ,  the less will be the energy dissipation and consequently the higher will be the p re s su re .  

The arguments  presented above are  conf i rmed by the experimental  data,  but only for  the case  of propa-  
gation of the f lame f rom the open end of the tube. In fact,  as follows f rom interference motion pictures of the 
propagating f lame,  with heating the f lame front is s t re tched out {Fig. 2b) in compar ison  with the case  of a cold 
mixture  (Fig. 2a) and the average  propagation velocity of the flame increases  by severa l  t imes.  
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No. 6, pp. 1097-1099, December ,  1976. Original ar t ic le  submitted November 13, 1975. 
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