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The "collapsing a i r  gap" method has been used to invest igate  the development and l imit ing pa rame te r s  of 
the Mach ref lect ion of a conical convergent  shock in plexiglas cy l inders  a r ranged along the axis of a 
detonating explosive charge. The d iamete r s  of the cyl indr ical  spec imens  var ied f rom 15 to 100 mm. It is 
shown that on the s ta t ionary  in terval  of development of the t r ip le -shock configuration, where the velocity of 
the head wave is equal to the detonation velocity,  there  is a l inear  relat ionship between the d iamete r  of the 
head wave, its radius of curvature ,  and the d iameter  of the cylinder.  

In [1, 2] it was reported that Maeh reflect ion had been exper imental ly  detected in the case of conical convergent  
shock waves generated in cyl indr ical  spec imens  of copper, iron, a luminum, plexiglas,  water, and porous NaC1 by the 
detonation of sur rounding  charges of explosive. There  follows a descr ip t ion of measu remen t s  of the p a r a m e t e r s  of the 
heat wave in plexiglas cy l inders  with d iamete r  6 = 15-100 mm using var ious explosives (TNT, RDX, and cas t  
Composit ion B 40-60) in accordance with the method proposed in [2]. The exper imental  setup is i l lus t ra ted in Fig. 1, 
where 1 denotes a m i r r o r ,  2 the e lements  of the composite plexiglas cyl inder ,  3 a i r  gaps, and 4 a layer  of very porous 
magnes ium oxide intended to reduce the effect of the impact of the detonation wave at the bottom of the cyl inder  on the 
generat ion and-development of the head wave. The shock configuration and its evolution were recorded f rom the 
luminescence  of the a i r  gaps by means  of an SFR-1 speed photoreeorder  operat ing in the s l i t  regime (the arrows 
indicate the path 6f the rays reg is te red  by the photoreeorder) .  The length of the cyl indr ical  specimens  was 5 -6  t imes 
g rea t e r  than the i r  d iameters ,  and the d iamete r  of the charge was three t imes g rea t e r  than the d iameter  of the 
specimen,  in o rde r  to avoid dis tor t ions  as a resul t  of unloading at the lateral  surface of the charge. 

Fig. 1 

As seen f rom Fig. 2, a convergent conical  shock wave with Mach reflect ion at the ver tex of the cone is 
generated in the cyl indr ical  specimen.  The photographs were  used to me a su r e  the cone angle a ,  the velocity D* of the 
head (Mach) wave, its d iameter  d, the radius of curva ture  R, and the angle ~be tween  the axis of the cyl inder  and 

the tangent to the sur face  of the head wave at the t r ip le  point O (Fig. 3). 

Fig. 2 

In o rde r  to de te rmine  c~ f rom the photographs, we measured  the t ime interval  between the instants  of passage 
through the gap of the base of the shock cone and its p resumed  vertex.  The axial component  of the shock cone velocity 
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is equa l  to the de tona t ion  v e l o c i t y  D; t h e r e f o r e  

a = arc tg 5 / 2D~. 

In f inding R and ~v it was  a s s u m e d  that  the  head w a v e  has  the shape  of a s p h e r i c a l  s e g m e n t .  F r o m  the pho tog raphs  
we d e t e r m i n e d  the he igh t  h of the head w a v e  and its v e l o c i t y  D*. The  va lue  of h was d e t e r m i n e d  f r o m  the t i m e  i n t e r v a l  
be tween  the ins t an t s  of p a s s a g e  th rough  the gap of the  b a s e  of the head wave  OO and i ts  v e r t e x .  T h e n  

i / d~ \ g d R=-y~y.q-h), q)= y - -  arcsin ~ - .  

In a s i n g l e  e x p e r i m e n t  the  s c a t t e r  in d e t e r m i n i n g  D* was  • and f o r  d it  was  • T h e  d e t e r m i n a t i o n  of a ,  R, and 
invo lved  addi t iona l  c o n s t r u c t i o n s ;  t h e r e f o r e  in t he se  c a s e s  the  s c a t t e r  r e a c h e d  5%. 

V//~/.!//S/X~ V/~gxplosive "///.,Z//S ~.~/////////77Y////A 

~ ,_~_~ . _ 

explosive ~/////Z 
!'///,///////72"////A 

Fig .  3 

The  evo lu t ion  of the head w a v e  can be  d iv ided  into two s t age s :  a n o n s t a t i o n a r y  s tage ,  in which the head  wave  is 
g e n e r a t e d  and then i n c r e a s e s  in d i a m e t e r  and r a d i u s  of c u r v a t u r e  (on this  i n t e r v a l  D* > D), and a s t a t i o n a r y  s tage ,  
in which  the  p a r a m e t e r s  of the  head  w a v e  have  a t t a ined  t h e i r  l i m i t i n g  v a l u e s  and a r e  cons tan t ,  the  v e l o c i t y  of the head 
w a v e  b e c o m i n g  equal  to the de tona t ion  v e l o c i t y  (Fig.  4). The  length  of the n o n s t a t i o n a r y  i n t e r v a l  is 2 - 3  c y l i n d e r  
d i a m e t e r s ,  K RDX is  u sed  as  the  exp los ive ;  f o r  C o m p o s i t i o n B i t i s 3 " 4 c y l i n d e r  d i a m e t e r s ,  and f o r  TNT the length  is 
a p p r o x i m a t e l y  equal  to the c y l i n d e r  d i a m e t e r .  

D't\,, 
i 

z' 

Fig .  4 

F o r  the  s a m e  e x p l o s i v e  d and R a r e  p r o p o r t i o n a l  to the c y l i n d e r  d i a m e t e r  (Fig.  5). The r e s u l t s  of m e a s u r i n g  
d, R,  ~v, and c~ on the  s t a t i o n a r y  i n t e r v a l  a r e  p r e s e n t e d  in the  t ab le  f o r  each of the e x p l o s i v e s  employed .  The  table  a lso  
inc ludes  the p r e s s u r e  PI (kbar),  behind the shock  cone  ( s ing le  c o m p r e s s i o n ) ,  the p r e s s u r e  Pa behind  the c e n t e r  of the 
head wave ,  and the  p r e s s u r e  P2 behind  the head w a v e  at the t r i p l e  po in t  O. The  shock  ad iaba t  of p l e x i g l a s  u sed  to 
c a l c u l a t e  t h e s e  p r e s s u r e s  was that  ob ta ined  by the  au tho r s  in the f o r m  D = 2.60 + 1.50 u k m / s e c .  

R e d u c i n g  the d i a m e t e r  of the RDX c h a r g e  to 80 m m  at a s p e c i m e n  d i a m e t e r  of 50 m m  l eads  to a d e c r e a s e  in the 
angle  c~ to 44 :~ 1. ~ to a d e c r e a s e  in d to 0.485, and to a c e r t a i n  i n c r e a s e  in the length  of the  n o n s t a t i o n a r y  i n t e r v a l ,  
which r e f l e c t s  the  in f luence  of the un load ing  w a v e s  at the  l a t e r a l  s u r f a c e  of the cha rge .  

It is i n t e r e s t i n g  to c o m p a r e  the  p a r a m e t e r s  of t he  Mach  r e f l e c t i o n  f o r  p l a n e  shock  w a v e s  and a con ica l  
c o n v e r g e n t  shock.  F o r  this p u r p o s e  we o r g a n i z e d  an e x p e r i m e n t  on the  c o l l i s i o n  of p lane  shock  waves  in a p l e x i g l a s  
p r i s m  in a c c o r d a n c e  wi th  the s c h e m e  e m p l o y e d  in [3]. The  c o l l i s i o n  angle  and the  ampl i t ude  of the inc iden t  shock  
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waves were taken equal to those determined f rom exper iments  with cyl inders .  It was found that in this ease Maeh 
reflect ion takes place. However, the width of the head wave (9-10 mm at a p r i s m  height of 50 ram) is much less than in 
a cyl inder  of sufficiently la rge  d iamete r  at the same dis tance from its point of origin.  Apparently,  this is associated 
with the in tensi f ica t ion of the conical shock as it converges on the axis of symmetry .  

This study, like [2], was under taken in o rder  to clar ify the conditions of shock compress ion  of ma te r i a l s  
p rese rved  in cyl indr ica l  bombs. The conclusions of [2] can be supplemented as follows. 

The shock cone angle depends on the p r e s s u r e  developed during detonation of the explosive employed and on the 
detonation velocity.  The p a r a m e t e r s  of the oblique shock wave formed in an iner t  ma te r i a l  by a sl iding detonation 
whose front  is perpendicu la r  to the boundary between the iner t  ma te r i a l  and the explosive are  de termined [4] by the 
in te r sec t ion  of the unloading polar  of the explosion products  and the shock polar  of the iner t  mater ia l .  As a r e s u l t  of 
the axial symmet ry  the p a r a m e t e r s  of each element  of the shock cone increase  with convergence on the cyl inder  axis. 
In [1] it is noted that, as Birkhoff and Walsh have shown, " i r r egu la r  ref lect ion mus t  always take place in a conical 
convergent  flow of ma te r i a l  with a normal  equation of state." 

Apparently,  the Math ref lect ion observed in plexiglas cy l inders  is analogous to the i r r egu la r  reflect ion of weak 
shock waves in gases [5], s ince the polars  of the incident and ref lected waves do not in te r sec t  (the polars  were 
const ructed without allowance for the convergence of the wave). Accordingly,  the s imple  theory with a single 
tangential  discont inui ty  [6] is not applicable here.  In view of this and the p re sence  of a radial  gradient  of the 
p a r a m e t e r s  as a resu l t  of axial symmet ry ,  it  is possible  to speak of equality of the p r e s s u r e s  behind the head and the 
ref lected shock waves only in the f i r s t  approximation.  As f a r  as the mass  velocity dis t r ibut ion is concerned,  in the 
p r e sence  of i r r egu la r  ref lect ion of s t rong  shocks in gases the mass  velocity jump behind the Maeh wave is g rea te r  than 
the total jump behind the incident and reflected waves. In the case of weak shock in teract ion the difference is 
apparently not any less .  This fact has been exper imenta l ly  observed [7]. 

If the shock adiabat of the cyl inder  ma te r i a l  has a discontinuity and the sl iding detonation genera tes  p a r a m e t e r s  
cor responding  to the wave-spl i t t ing  region, two oblique waves are  formed [1, 4]. Since the flow behind the f i r s t  shock 
front  is supersonic  re la t ive  to the front,  there  is no reason  for the appearance of a Maeh reflection.  The f i r s t  wave 
is not amplified, s ince  any per turba t ions  in the direct ion of an inc rease  in p r e s s u r e  lag behind the f i r s t  shock front.  
In this case the second wave with p a r a m e t e r s  above the discontinuity on the shock adiabat may give a Mach reflection.  
If the Maeh wave does not outs t r ip  the ver tex of the f i r s t  shock cone, its velocity cannot be equated to the detonation 
velocity in o rder  to de te rmine  the developed p r e s su r e ,  s ince the ma te r i a l  in front  of it is a lready compressed  and 
has a cer ta in  velocity. In [1] it was found by the method of reflect ion of light f rom a f ree  iron sur face  that the second 
plast ic  shock wave gave a Maeh ref lect ion,  whereas  the e las t ic  wave and the f i r s t  p las t ic  wave with an ampli tude of 
130 kbar  did not. The Mach wave was located behind the ver tex of the cone of the f i r s t  plast ic  wave. 
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