
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 
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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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Fig. 1 
Fig. 1. Dependence of dimensionless  p r e s s u r e  on heater  power with ignition of mixture:  1) near open 
end of tube; 2) near  c losed end of tube. N, W. 

Fig.  2. In ter ference  pattern of a f lame propagating f rom the open (a, b) and closed (c, d) ends of the 
tube. 

In the case  of the ignition of the mixture near  the closed end of the tube, however,  the very  same factor  
leads to the opposite effect,  i . e . ,  to a decrease  in the average  propagation velocity of the f lame and to a de-  
c rease  in the p re s su re .  

This can be explained by a distinctive feature of the propagation of a flame f rom the closed end of a tube. 
With ignition near  the open end of the tube the f lame propagates  in an a lmost  s tat ionary mixture whiie with 
ignition near  the closed end it propagates  in a mixture moving under the effect of the expanding combustion 
products  which drive the mixture to the open end of the tube. Hence, in the second case there will also be a 
turbulization fac tor  on which the propagation velocity of the flame depends important ly.  

The preheating of the mixture leads to an increase  in the normal  velocity,  on the one hand, while it in-  
c r ea se s  the viscosi ty  of the mixture and consequently decreases  the turbulence,  on the other.  The effect of 
the second fac tor  is considerably s t ronger ,  and therefore  the p r e s s u r e  decreases  with an increase, in the heat-  
er  power.  

A confirmation of this is an analysis  of high-speed motion p ic tures ,  f rom which it follows that the veloc-  
ity of propagation of a flame f rom the closed end of the tube dec reases  with heating. The profile of the flame 
front also changes.  Without heating the flame front is dis tor ted,  which can be judged f rom the dis tor t ion of 
the in te r fe rence  bands (Fig. 2c). With heating such dis tort ion of the bands is not observed because of the 
stabil izing effect of the viscosi ty  (Fig. 2d). 

Thus,  the experimental ly  d iscovered  pecul iar i ty  of a decrease  in the combustion intensity of a p re l imi -  
nary heated mixture with propagation of the flame f rom the closed end of a semiopen tube is a consequence of 
the stabil izing effect of the viscosi ty .  

i ,  
2. 
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