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D E T O N A T I O N - G E N E R A T E D  S H O C K  W A V E  

N. N. K a l i t k i n  a n d  V. M. S i n e n k o  UDC 533.932 

Let us cons ider  a cyl indr ical  explosive charge  of sufficiently large dimensions in which aplane detona- 
tion wave traveling along the axis is initiated. When this wave emerges  at the charge  endface, decay of the 
discontinuity occurs .  Let a condensed explosive charge be in contact  with an iner t  medium of lower dynamic 
st iffness (gas, water,  organic material) .  Then a shock will appear in the inert  medium, and inversely in the 
explosion products (EP), an unloading wave with two weak discontinuities.  

There  are  some experiments  of s imi l a r  type in which the detonation and shock wave pa ramete r s  h~ve 
been measured .  P rocess ing  the experiments  using explosions of a t rotyl-hexogene (TH) [1] and a t r o ty l -oc t -  
ogene - ine r t  (TOI) mixture [2], clarif ied an interest ing regulsr i ty .  

Plotted along the axes in Fig. 1 are  logari thms of the shockwavep re s su re  Psw and the initial density of 
the inert  medium Pmin  which this wave emerged (the le t ters  denote the composition of the inert  medium, in- 
cluding A for  air ,  Ps for polystyrene,  P1 for  Plexiglas,  Br for  b rass ,  and the numbers 1-3 a re  numbers  of the 
cor responding  equations. All the experimental  points for an explosive of definite composition and initial den- 
sity P0 lie on a line independently of the composit ion of the iner t  medium if an unloading wave re turns  back- 
ward in the EP. 
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This regular i ty  is conserved with high accuracy .  The experimental  points in Fig.  1 correspond to air ,  
a rgon ,  water ,  Plexiglas,  and polystyrene,  where many substances are  taken with different  initial densit ies.  
All  these points lie on prac t ica l ly  one line for  each explosive despite the differences in composition and ag- 
gregate  s ta tes  of the iner t  medium and the very  broad range of p re s su re  and density variat ion (104 times). 
The sole noticeable deviation f rom this regular i ty  is the point for  xenon; this is apparently explained by the 
inaccura te  p r ima ry  process ing  of the exper iments  in the paper [2] itself because a theoret ical  equation of 
s tate  is used therein f a r  xenon and there a re  no rel iable theories  for a s trongly compressed  nonideal plasma 
at  this t ime. 

In  general ,  a s t ra ight  line cor responds  to each explosive composition and its initial density. Fo r  the 
three  mixtures  which are  represented  in Fig.  1, the equations of these lines have the following form: 

TH 25/75, P0 = 1,72, D = 8A5, lgPsw = 2~30 -t- 0.80 lg Pm 

P sw = 200p~~ 

TH 50/50, P0 = 1.65, D = 7,55, lgpsw ---- 2.23 + 0.80 lgpm 

Psw = i70 p~SO; 

WOI 3016812, P0 = 1,775, D = 8.2i, lg Psw = 2.38 + 0,85 lg Pm 

psw=240 p~s.  

(1) 

(2) 

(3) 

Here the p r e s s u r e s  a re  measured  in kbar ,  the density in g / c m  3, and the detonation wave velocity in k m / s e c .  
Let  us note that if the d imensionless  var iables  Psw/P0 D2 and Pm/Po are introduced analogously to [3], then 
the lines (1) and (2) agree  in these var iables ,  but the line (3) will be distinct.  

A theoret ical  explanation has not been found successful ly  to explain the regular i ty  detected.  It is evident 
that  it is not extended to the case  of high-densi ty iner t  media: As Pm "* ~ the shock p r e s s u r e  cannot grow 
without l imit .  It just  tends asymptot ical ly  to a value cor responding  to the incidence of adetonat ion  wave on a 
fixed wall. This is seen f rom Fig. 1 where experimental  points  on the emergence  of a shock in light and 
heavy metals  a re  also presented; they exhibit a deviation f rom rect i l inear i ty  and a rapid tendency to the limit 
p r e s s u r e .  

These metals  have a high dynamic stiffness as compared  to the explosive products so that in this case  
the shock goes back during the decay of the discontinuity but the unloading wave does not. Water and Plexiglas, 
which a re  slightly less dense than magnesium, lie on the rec t i l inear  section. Hence, the boundary between 
the rec t i l inear  regular i ty  and the emergence  at the asymptotic p re s su re  should be established by the equality 
between the dynamic st iffness of the explosive products  and the inert  medium. 

The regular i ty  established permi ts  a radical  reduction in the number  of measurements  needed in the ex- 
per imenta l  investigation of new explosives.  It is sufficient to make just two to three measurements  by using 
iner t  substances  studied well, for  instance,  argon at 1- and 20-a tm p r e s s u r e s  and normal -dens i ty  Plexiglas,  
to find the line log Psw - log Pm" Fu r the rm ore ,  by placing the data on substances with different initial densities 
and known shock adiabats on this line, a detailed descr ipt ion of the appropriate  points can be obtained by a 
numer ica l  method that will supplant exper iments  with these substances.  
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