
R E T A R D A T I O N  O F  H I G H - V E L O C I T Y  S T R E A M S  

V A R I O U S  M E D I A  

S. S. B a t s o n o v ,  G. S. D o r o n i n ,  
A .  A.  N e r c h e n k o ,  V. V. R o m a n ' k o v ,  
A.  E.  S t r e l y a e v ,  a n d  V. P .  S t u p n i k o v  

IN 

UDC 539.893 

Strong waves were genera ted  in Plexiglas  and in aluminum under a p r e s s u r e  of 2.9 and 7.1 
mbars  respect ively.  The re tardat ion of high-veloci ty  s t r eams  in a i r  and in iner t  gases  is 
analyzed. 

With the aid of special  detonation devices analogous to those in [1], s t rong shock waves were generated 
in Plexiglas  and aluminum specimens.  The veloci ty of these shock waves and the initial sca t te r  velocity 
of the substance upon a r r iva l  of a shock wave at the free surface were measured  with a photographic r e c o r -  
der;  only the initial sca t te r  velocity was measured  in the case of aluminum. 

The maximum velocity of a shock wave in Plexiglas  reached 19.6 km/sec ,  the initial sca t te r  velocity 
was 24, 5 • 2 km/sec .  If the equation of the shock adiabatic for  Plexiglas  D = 2.74 + 1.35U, which has been 
proposed  in [2] for  p r e s s u r e s  up to 2 mbars ,  is extrapolated into the higher p r e s s u r e  range, then for  the 
shock wave veloci ty D = 19.6 k m / s e c  we obtain a mass  velocity U = 12.5 km/sec  under a p r e s s u r e  P = 29 
mbars  and with a density of the mater ia l  approximately  3.25 g / e m  3 behind the wave front. 

Comparing the mass  velocity to the initial sca t te r  velocity, we find that the principle of velocity 
doubling within this p r e s s u r e  range applies here within the l imits of test  a ccu racy  (10%). Calculations by 
the method shown in [3], with the assumption that approximately  one third of the difference between total 
energy  and elast ic  energy  is spent on breaking down the chemical  bonds, show that behind the shock wave 
front  there has occur red  a thorough decomposit ion of the Plexiglas mater ia l  and that the pro jec t i les  com-  
pr i se  a mixture of solid carbon with molecules  of water,  hydrogen, and oxygen. 

In the case of aluminum, the initial sca t te r  velocity upon the a r r iva l  of a shock wave at the free s u r -  
face was 24 =~ 2 km/sec .  Assuming this velocity to be equal to twice the mass  velocity, and extrapolat ing 
the equation of the shock adiabatic for  aluminum D = 5.25 + 1,39U [4] into the higher p r e s s u r e  range, we 
obtain the shock wave velocity D = 22 km/see  at a p r e s s u r e  P = 7.1 mbars .  Extrapolat ing the equation of 
state [5] into this p r e s s u r e  range will allow us to evaluate the thermal  energy  and the tempera ture  of the 
compres sed  mater ia l :  approximately  0.6- !012 e r g s / g  and 4" 104 ~ 

It is well known that, during unloading of a mater ia l  which has been compressed  by a strong shock 
wave, there may occur  complete or  par t ia l  evaporation. Complete evaporat ion occurs  when the entropy of 
the compressed  mater ia l  is higher than cri t ical .  For  aluminum this cr i t ica l  entropy is Ser = 4.6.107 e rgs  
/g" ~ [6]. An evaluation of the ent ropy under our test  conditions yielded S = 4 .8 .10  r e r g s / g .  ~ i . e . ,  
a lmost  its c r i t ica l  value. Despite the approximate manner  of our calculat ions,  it appears  cer tain that the 
state of the metal  during unloading is near ly  cr i t ical ,  i . e . ,  the mater ia l  is a mixture of vapor with fine 
liquid droplets.  

We also studied, experimental ly,  the effect  of the medium on the re tardat ion of a high-veloci ty  s t r eam 
emerg ing  upon the a r r iva l  of a shock wave at the free surface of specimens,  with sca t te r  into a i r  under 
p r e s s u r e s  of 0.1 o r  1.0 atm and into an iner t  gas (helium, argon) under a 1.0 atm p res su re .  The tes t  resul ts  
for  aluminum specimens have been plotted in U, l coordinates ,  i.e..~ in t e rms  of the je t  velocity U as a func-  
tion of the distance l f rom the f ree  surface (Fig. 1). According to the graphs,  the re tardat ion of an aluminum 
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Fig. 1. Re ta rda t ion  of an a luminum jet:  in a i r  under 1 a tm  
(1), in a rgon  under  1 a t m  (2), in a rgon  under  0.1 a t m  (3), in 
he l ium under  1 a tm  (4). Veloci ty  U (km/sec) ,  distance l 
(mm). 

je t  i n a r g o n a n d i n a i r ,  bo thunder  l a t m p r e s s u r e ,  i s  a lmos t  the same  along the ini t ial  segment  (about 30-40 
ram) f r o m  the f ree  sur face ,  but then b e c o m e s  s t ronge r  in a i r  than in a rgon  (although the d e n s i t y o f a i r i s  
higher).  One poss ib le  cause  of this  m a y  be the o c c u r r e n c e  of a chemica l  reac t ion  between the incandescent  
a luminum vapor  and a i r .  TMs hypothesis  i s  conf i rmed  by the fact  that  the r e t a rda t ion  curve for  d ischarge  
into the a i r  under  a 0.1 a t m  p r e s s u r e ,  when the oxygen content  i s  lower  and thus the oxidation reac t ion  is  
s lower ,  app roaches  the co r respond ing  r e t a rda t ion  curve  fo r  d i scharge  into hel ium under  a 1 a rm p r e s s u r e .  
The chemica l  reac t ion  between a luminum and a i r  oxygen along a shock wave has  a l r eady  been suggested in 
[81. 

Tes t s  pe r ta in ing  to the s c a t t e r  of f i ss ion p roduc t s  were  p e r f o r m e d  in a i r  under  init ial  p r e s s u r e s  of 
0.1 and 1.0 arm. As was  to be expected,  both r e t a rda t ion  cu rves  a r e  di f ferent  here .  While the 1 a t m  r e -  
ta rda t ion  cu rves  fo r  P lex ig las  and a luminum f i ss ion  p roduc t s  a re  s im i l a r ,  the 0.1 a t m  re ta rda t ion  curve 
for  P lex ig las  f i ss ion  p roduc t s  l ies  above that  for  a luminum f iss ion p roduc t s  and becomes  s i m i l a r  to the 
r e t a rda t ion  curve  fo r  a luminum in argon. 

It  i s  to be noted that  in app rox ima te ly  30% of a l l  t e s t s  the r e t a rda t ion  of a je t  in a i r  p roceeded  anomal -  
ously,  namely  the ve loc i ty  dropped sha rp ly  a dis tance of about 60 m m  f r o m  the f r ee  sur face  and then sl ightly 
ro se  (dashed l ines on the d iagram).  This  had pos s ib ly  to do with the chemica l  reac t ion  between the j e t  
m a t e r i a l  and a i r .  A definitive answer ,  however ,  will r equ i re  a fu r the r  thorough study of the p rob lem.  

The ini t ia l  s t r e a m  densi ty  during d ischarge  into a i r  under  a 1 a t m  p r e s s u r e  was e s t ima ted  by the 
method shown in [9], yielding approx ima te ly  0.18 g / c m  3 for  a luminum and 0.38 g / c m  ~ for  Plexig las .  

Tes t s  were  a lso  p e r f o r m e d  with a d ischarge  of a luminum spec imens  into vacuum (10 -3 m m  Hg). On 
the ba s i s  of the r e c o r d e d  char t s ,  one may  conclude that  during d ischarge  into a v e r y  r a r e f i e d  med ium 
there  a p p e a r  not two but three  incandescent  s t r e a m e r s  (as in [6]) which p ropaga te  at  dif ferent  veloci t ies .  
The m a x i m u m  veloc i ty  was about 40 k m / s e c  (the da rke s t  s t r e a m e r ) ,  the ve loc i ty  of the second s t r e a m e r  
was 24 k m / s e c ,  and of the th i rd  s t r e a m e r  was 22 k in / see ;  meanwhile,  only one s t r e a m e r  appea red  under 
0.1 a rm and 1.0 a t m  p r e s s u r e s  (as in [6, 7]). An explanation as  to the causes  and the nature  of three  
s t r e a m e r s  r e q u i r e s  a fu r the r  study. 
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