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The influence of acoustic oscillations on the mixing of helium and high-temperature nitrogen is 
investigated. The optimal radiator frequency and power ranges are  determined. 

It has been shown in studies [1, 2] of the influence of low-frequency oscillations on the parameters  of 
f ree  low-temperature jets that "instantaneous n mixing of a jet with the surrounding medium can be attained 
under certain conditions; i.e., exit flow with an initial section of zero length is obtained, thus demonstrating 
thepossibi l i ty  of deliberately affecting the mass - t rans fe r  process in a submerged free turbulent jet. 

The effect of low-frequency oscillations on mixing jets has a resonant character  and is caused by in- 
tensification of the mass - t rans fe r  process due to variation of the turbulence scale [3] and deeper penetration 
of part icles from the outer, higher-energy part  of the boundary layer into the inner part.  

We have investigated the influence of low-frequency irradiation of flows in connection with the inter-  
action of high-temperature jets (nitrogen plasma) colliding at the center of the mixing chamber used in [4, 5] 
with a cold helium drift flow. 

The influence of sound irradiation on a gas flame under wall-confinement conditions has been investi- 
gated in [6], but the maximum flame temperature was considerably lower (by 1/2 to 1/3) than the temperature 
of nitrogen plasma. 

Thus, a significant departure from the above-cited papers is the difference in the thermodynamic param- 
eters  of a flow confined by the walls of the mixing chamber. 

The experimental arrangement is shown in Fig. 1. 

Three nitrogen-plasma jets and the helium drift flow are  injected into the mixing chamber 1. The audio 
oscillator 2 operates through the amplifier 3 to drive the magnetodynamic radiator 4, which irradiates the 
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Fig. 1. Experimental arrangement.  

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 34, No. 1, pp. 67-72, January, 1978. Original 
art icle submitted October 19, 1976. 
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Fig. 2. Variat ion of helium concentrat ion over  mixing chamber  
c ros s  section.  1) with sound i r radia t ion of flows (f=2.4 kHz); 2) 
without i r radiat ion.  

Sh 

Fig. 3. Helium concentra t ion versus  Strouhal number Sh. Vert ical  
coordinate a is the standard deviation of the helium concentration, 
vol.  %0 

drift  flow. The waveform and frequency of the oscillations a re  monitored on the osci l loscope 5 and by the type 
F433/3 frequency mete r  6. The microphone 7 in combination with the ampli f ier  8, frequency mete r ,  and cath-  
ode - ray  osci l loscope makes it possible  to me~sure  the natural frequency of p lasmotrons  in the mixing cham-  
be r  in s ingle-  and mult iple- jet  operations as well as under the influence of the drift  flow. Measurements  a re  
also per formed for  cold blowoff. It is seen in the figure that the generating and measur ing  apparatus is con- 
s t ructed on an audiometer  c i rcui t .  

The probe 9, which is the same one as used in [7], is moved in the chamber  c ros s  sect ion in the d iamet-  
ric plane and along the ver t ical  by means of the coordinate positioning mechanism 10, which has a minimum 
displacement  increment  of 0.75 ram. The analysis  is per formed on a KhL-4M chromatograph.  

As shown in [8], under definite conditions it is possible to c rea te  a gasdynamic situation in the mixing 
chamber  such that mixing goes to completion over  the length of one diameter;  i.e., the length of the mixing 
zone is 

k = _  x 
= 1, (1) 

Dp 

where x is the distance f rom the plane of the p lasmotrons  to the end of the mixing zone and Dp is the d iameter  
of the mixing chamber .  

The required condition is 

FPV2 = l, (2) 

where F is the a rea  of the exit channel of the drift  flow, F c is the a rea  of the p lasma core  formed upon coll i-  
sion of the p lasma jets [8], pv 2 is the cha rac te r i s t i c  hydrodynamic p a r a m e t e r  of the p lasma jet at  the axis of 
the mixing chamber ,  and plvl is the same p a r a m e t e r  for the drif t  flow. 

Our investigation was ca r r i ed  out in the frequency range f rom 15 Hz to 15 kHz. With the aid of a pr ior i  
information from [9], together with measurements  of the natural frequencies of the plasmotrons and the cu r -  
rent  and voltage fluctuations of a rec t i f i e r  compris ing VK-200 vacuum tubes in a Larionov ci rcui t  it was pos -  
sible to delineate the  following subintervals in which to expect the onset of resonance:  

1) 10 to 50 Hz: p ressure - f luc tua t ion  frequency of jet emerging f rom the p lasmotron due to displacement  
of the arc-shunt ing  spot in the plasmotron;  

2) 150 to 450 Hz: flmdamental f requency and f i r s t  harmonics  of Larionov rec t i f ier  supplying the p lasmo-  
trons;  
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TABLE 1. Resul ts  of Low-Frequency  I r -  
radia t ion of the Mixing P r o c e s s  f o r k =  0.25 

f, Hz Sh ~ l a; VOL ~/c 

0 -- 0.63 I 9,2 
50 0,01 0,63 I 8 

450 0, I 0,63 5, l 

3) 1900 to 2400 HZ: fundamental  f requency of colliding h igh - t empera tu re  je ts  and dr i f t  flow. 

Figure  2 gives the va r ia t ion  of the concentra t ions  ove r  the c r o s s  sec t ion  of the mixing c h a m b e r  at the 
level  of two d iameter~ ,  for  the following p a r a m e t e r s :  d i a m e t e r  of mixing c h a m b e r  30 ram; power  del ivered 
to th ree  p l a smo t rons  30 kW; m a s s  flow ra te  of p l a s m a - g e n e r a t i n g  gas  1 m3/h through each p lasmotron;  helium 
flow ra te  1 m3/h.  

The re la t ive  hel ium concent ra t ion  5 =a/ci is plotted along the ver t ica l ,  where  c i is the initial concen t ra -  
t ion calcula ted  f r o m  the total  m a s s  flow ra tes  of the p l a s m a - g e n e r a t i n g  ni t rogen and hel ium drif t  flow and 
is the s tandard deviation,  calculated f r o m  standard re la t ions ,  fo r  the concent ra t ion  ove r  the c r o s s  sect ion of 
the mixing c h a m b e r .  

It is evident f rom the f igure that  without sound i r rad ia t ion  (curve 2) of the dr if t  flow, 5, v a r i e s  f rom 
0.85 to 1.05, whereas  with such i r r ad ia t ion  at a f requency of 2400 Hz (curve 1) 5 va r i e s  by l e s s  than a 
2.5-fold range,  i .e. ,  the mixing f igure of m e r i t ,  which is an exceedingly impor tan t  energy and technological  
p a r a m e t e r  of p l a smochemiea l  p r o c e s s e s ,  is substant ia l ly  improved .  

The r e su l t s  of the invest igat ion at  o ther  f requencies  a t  the h a l f - d i a m e t e r  level  a r e  given in l~ig. 3. 

The s tandard deviat ion of the helium concentrat ion,  vol. %, is plotted along the ver t ica l ,  and the Strouhal 
number  is plotted on the horizontal  axis :  

Sh---- J-d-d, (3) 
vl 

where f is the pulsation frequency of the drift flow, v i is the velocity of the drift flow at the nozzle orifice, and 
d is the nozzle diameter. 

It is seen in the figure that the standard deviation of the helium concentration over the cross section of 
the mixing chamber at the half-diameter level relative to the entry axis of the plasma jets has a distinct min- 
imum corresponding to Strouhal numbers less than unity. 

For small values of Sh (less than 0.2 or 0.3) the effect of irradiation with low-frequency oscillations de- 
creases, but in the interval 0.01< Sh< 1 the opposite effect, i.e., flow deterioration, is obtainable only by in- 
creasing the acoustic power of the radiator to 10 W. 

For high-frequency irradiation (Sh > 1), on the other hand, an adverse effect of irradiation can be obtained 
at much lower powers, of order 4 to 6 W, and for Sh > 3 it is impossible to improve the mixing process by 
sound irradiation. The optimal interval must be 0.01 < Sh < 0.8, which is considerably broader than the known 
range for free jets [8]. For small Sh, in general, satisfactory mixing can be obtained even at the quarter- 
diameter level, where the standard deviation of the helium concentration is lower by almost 1/2 than under 
similar conditions without sound irradiation. The data of these experiments are summarized in Table 1. 

In all the experiments represented in the table, the ratio of the flow rates is 1 : 3 (He : N2) for a total 

power input of 30 kW. 

The influence of the intensity of sound irradiation of the helium drift flow is illustrated in Fig. 4. 

The probe is situated at a height of 0.5 diameter from the plane of the plasmotrons on the axis of the 
mixing chamber. It is apparent from the figure that for low-frequency irradiation at a high acoustic radiator 
power the concentration is much greater than the initial value (25 vol. %); i.e., 5 > 1.0. For high-frequency 
irradiation with boosted power the helium concentration decreases (6< 1.0), and the same net effect can be 
obtained by diminishing the acoustic power below a certain optimal limit. 

Standard processing of the experimental results makes it possible to determine the dependence of the 
acoustic power of irradiation of the drift flow for optimal mixing: 

W = (ppv 2 w, (4) 
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Fig. 4. Rela t ive  concent ra t ion  6 ve r sus  acoust ic  power  
W, wat ts .  Frequency  in terva l -  1) 50 to 150 Hz; 2) 500 
Hz; 3) 1900 to 5000 Hz. 

where  v is the veloci ty of the p l a s m a  at  the or i f ice  of the p l a smot ron  nozzle,  m / s e e ,  p is the density of the 
p l a sma ,  kg/m3, and ~o is an exper imen ta l  coeff icient  having a value of 0.005 to 0.01. 

The radia t ion  intensi ty of the th ree  p l a s m o t r o n s  as  a function of the power  input and m a s s  flow of p l a s m a -  
genera t ing  gas var ied  between the following l imi t s  in the exper iments :  

I = ( 1 . 5 - - 3 5 ) -  102 W/rn 2. 

Measu remen t s  of the radiat ion of t h r ee  coll iding p l a s m a  je ts  have shown that the sound intensity level  is 
about 160 dB, and a pos i t ive  net effect  is obtained for  an intensi ty of i r r ad ia t ion  of the drif t  flow at  the level  
of 157 to 165 dB. A subsequent  i nc r ea s e  in the sound i r radia t ion  level  does not yield any improvemen t  in 
the mixing effect,  a r e s u l t  that  is a t t r ibutable ,  as  in the exper imen t s  of [10], to the onset  of sa tura t ion.  

Expres s ion  (4) p e r m i t s  an a p r i o r i  e s t ima te  to be obtained for  the requi red  power  of the acoust ic  r ad ia to r  
and a m o r e  p r e c i s e  de te rmina t ion  of the requi red  power  is made  exper imenta l ly  f r o m  m e a s u r e m e n t s  of the 
sound-radia t ion  intensity of the coll iding p l a s ma  je t s  and the dr i f t  flow. 

It is impor tan t  to note that when r (2) d i f fers  apprec iab ly  f r o m  unity (in our  expe r imen t s  r var ied f rom 
0.63 to 630,000), the influence of sound i r rad ia t ion  is m o r e  pronounced, but the bes t  mixing is obtained fo r  
r c lose  to unity. 

The exper imen t s  descr ibed  above thus demons t r a t e  the actual  poss ib i l i ty  of ac t ive ly  controI l ing an i m -  
por tant  technological  p a r a m e t e r ,  namely,  the mixing ra t io  of components  in a h igh - t empe ra tu r e  mixing cham-  
be r  fo r  the purpose  of improving  the technological  and energy  p a r a m e t e r s  of p r o c e s s e s ,  and the resu l t s  ob- 
tained he re  can be used in p rac t i ce ,  for  example ,  in combust ion c h a m b e r s ,  p l a smochemica l  r eac to r s ,  etc.  
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