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Results are g iven  of an inves t iga t ion  of vapor jets in free arcs in the current range I = 500-1 ,000  a. 

Exper iments  were carried out in an expe r imen ta l  se t -up  consisting of an arc struck be tween  two graphi te  e l e c -  

trodes.  T h e  arc was supplied from a dynamo with a 400-v  m a x i m u m  output, a 0 . 3 4 - o h m  series batlast resis tance was 

included to give s teady condit ions,  and osc i l lograms of the  discharge current and vo l tage  were recorded.  

The  e lec t rodes  were made  of e lec t rode  graphite ,  the ca thode  being a blunt c o n e - c y l i n d e r  35 m m  in d i ame te r ,  

whi le  the anode shape var ied  with the  purpose of the exper iment ,  be ing e i ther  a 50 - r am q5 cyl inder ,  or a d iaphragm 

with a cy l indr ica l  aperture of d i ame te r  jr= 10 mmo In a number  of tests a n o z z l e  of throat d i ame te r  d t = 15 mm was 
used. 

First a method  was deve loped  to make  the  arc structure vis ible .  High-speed  photography (100 f rames / sec )  was 

used for direct  observat ion of  processes occurr ing within the  a r c - t e m p e r a t u r e  zones and vapor jets.  Various light f i l -  

ters were used to detec t  t empera tu re  zones in the arc, as wel l  as the  arc co lumn.  Colored glass fi l ters,  and in te r fe r -  

ence  filters with m a x i m u m  transmission at wavelengths  Xma x of 5 ,900 and 4 ,100 A were used. Cho ice  of f i l ter  wave -  

length in terva l  was based on radia t ion  spectra data for the plasma jets .  

The  photographs of Fig.  1 were taken by this method .  

The  c leares t  pictures of plasma jet flow were  obta ined with an OS-14  light f i l ter  and a ye l low in te r fe rence  f i l ter  

with ).max = 5 ,900 A. The  cent ra l  part of the  jet  then showed up sharpIy, whi le  l ight from peripheraI  regions was cut 

off  (Fig.  ] ) .  Seve ra l  ca thode  and anode spots were also observed.  

Great  interest  a t taches  to eva lua t ing  the  m o m e n t u m  of the vapor jet ,  and to de te rmin ing  the  pressure distribution 

inside the  n o z z l e  when the  arc is struck. A n o z z l e - a n o d e  was therefore  prepared from e l ec t rode  graphi te ;  this was used 

with a cy l indr ica l  ca thode ,  d = 35 ram.  Seven  pressure taps were made  in the  nozz l e ,  and these were connec ted  via 

nipples and rubber tubing to U - t u b e  a lcohol  manomete r s .  The  to ta l  pressure at the  n o z z l e  exi t  was measured  with a 

to ta l -pressure  probe.  The  manomete r s  were mounted on one panel ,  and thei r  readings were recorded with a c a m e r a  

f i lming  at 24 f r a m e s / s e c .  

Fig.  ?. Photographs of plasma jet  flow 
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Fig,  3. Angle  of inc l ina t ion  of arc 

as a funct ion of arc current I (a)" 

a - c a t h o d e ;  b - a n o d e - n o z z l e  
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Fig.  2. Pressure distr ibution (hp - h l = 

= 0. V84 n e w t o n / m  2) a long the  length (I, ram) 

of the  nozz l e ,  for current in tensi t ies  (a):  

] - -500 ;  2- -600;  3--900 

The  results were used to draw graphs of the  pressure d i f fe rence  as a funct ion of burning t i m e  and n o z z l e  pressure 

distr ibut ion for various current  in tensi t ies  and i n t e r e l ec t rode  dis tances (Fig.  2). The  current was var ied  in the  range 

300-900 a. It turned out that  the  pressure distr ibution was s imi la r  in cha rac te r  for a l l  condi t ions .  At the  n o z z l e  in le t  
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(points 1 and 2) a vacuum exists, the static pressure being less than atmospheric; at points 3, 4, and 5 the pressure dif- 
ference is positive, and in the throat region there is again a vacuum. This indicates that a process of suction of the sur- 
rounding air layers exists in the nozzle, i . e . ,  there is an induction effect.  The effect increases sharply for currents 1 = 
= 500-600 a and interelectrode distances l = 30 -20  ram, when the jet is located almost along the nozzle axis, and the 
total-head probe indicates maximum pressure difference. When the interelectrode distance is reduced to 15 ram, the 
induction effect also diminishes; the jet closes at the nozzle entrance. 

At larger currents (I = 900-700 a) the arc behaves erratically and is not accurately centered in the nozzle, clos- 
ing in the region of the first points, whereupon the pressure at the inlet increases sharply, while that at the probe fails 
to atmospheric. Fig. 3 shows the angle of incl inat ion of the arc as a function of the operating conditions. The explana- 
tion of this effect is evidently as follows. 

At small currents (I = 400 a) the arc follows the shortest path. When one vapor jet appears (I = 500-600 a), the 
current is propagated along it, and closes at the nozzle throat. At larger currents (I = 600 a), several vapor jets develop 
[1]; since the conductivity in the jets is greater, the current for the most part flows along them. As a result of the inter- 

action of these currents, the jets become twisted, and the arc closes at the beginning of the nozzle.  

If the relationship between jet velocity and cathode distance given in [1] is used to construct a dimensionless ve- 

locity profile Vm/V o = F(x) (Fig. 4), where v 0 is the ini t ia l  jet vetoeity, v m is the velocity at the center of the jet at a 

given point, ~= x/r0, where x is the distance from the cathode and r 0 is the ini t ia l  radius of the single jet (in this case 
r 0 = 0. 016), it turns out that the dimensionless jet velocities at different currents coincide completely.  

From the fact that the dimensionless jet velocities in the center of 

the arc coincide closely at different currents, it may be asserted that the 
velocity profiles in the arc are similar.  A certain deviation of the dimen-  

sionless profiles at large values of g can be attributed to the spreading of 

the vapor jet.  Analogous relations for air and carbon plasmas calculated 

by the method of [2] are given for comparison. 

In the calculations it was assumed that a supersonic jet with Mach 
number M depending on the current strength chosen is propagated in a 

flooded space homogeneous in structure and analogous in nature to the jet.  
The stagnation temperature was taken to be constant across the whole sec- 

t ion of the arc, this being the temperature that the gas would acquire if 

brought to rest adiabatical ly.  If allowance is made for the stagnation t em-  

perature of the jet being greater than that of the surrounding gas, the agree- 
meat will be even more complete, especially if it is assumed that the jet 

consists of a carbon plasma. 

The similarity between the experimental and the calculated jet vea 

locity attenuation permits the hypothesis that the velocity profiles across 

the jet are also similar.  

Comparison of the velocity attenuation curves shows that agreement 

is best for a relative velocity Vm/V0 close to unity; with decreasing rela-  

t ive velocity they diverge. This points to mixing of the colder (denser) 

layers of the arc with the flow of the vapor jet, intensifying the retardation. 

At a certain distance from the cathode the whole arc is in motion. 

vm I 
o,6 

0 20 40 60 x 

Fig. 4. Dimensionless velocity profiles: 
1--I = 1200 a (6 jet); 2 - 1 , 0 0 0 ;  8 -900 ;  

4 - 8 0 0  (4 jet); 8 -700  (curves 2, 3, 4, 

and 5 were obtained experimentally);  
6-aX 2 = 0.18, x-l. 19; 7-1A 2 = 0.42, 

x=I,67 

Using the pressure distribution along the nozzle,  a comparison can be made between the total pressure measured 

experimental ly and that derived on the basis of the ~universal" velocity profile. From the "universal n profile the jet 

velocity at any distance from the cathode can be determined. 

The density of the carbon plasma was determined from the conditions Psi = 9.8 �9 104 n/m 2, Tst = 7,000 ~ K, the 

latter from spectroscopic measurements.  For an arc current I = 800 a and a cathode distance x = 8 cm, the discrepancy 

was Pmeas/Ptheor = 10. 
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