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C A L C U L A T I O N  O F  T H E  E X P L O S I O N  

S P H E R I C A L  C H A R G E  IN A I R  

OF A G A S E O U S  

S. A .  Z h d a n  UDC 533.601.1 

I N T R O D U C T I O N  

The problem of the explosion of a spher ical  charge  in a i r  has been solved by numerical  methods in 
one approximation or  another [1-4]. The original calculations were made within the f ramework  of the 
theory of a point explosion [1, 2]. A fur ther  refinement of the problem was discussed in [3], where, in 
calculations of the explosion of a spherical  charge  of Trotyl,  account was taken of the dimensions of the 
charge and the behavior  of the detonation products .  With such a statement of the problem,  the basic char -  
ac te r i s t ics  of the flow behind the front of a blast  wave were obtained, reflecting the experimental  resul ts  
more  exactly. An investigation of the effect of the initial p r e s s u r e  of the a i r  and the specific energy of 
the charge on the pa ramete r s  of the flow behind the front of a blast  wave was made in [4]. In [5, 6] it was 
shown experimental ly that, with the explosion of a spherical  charge  of explosive consist ing of a detonating 
gaseous mixture,  a shock wave is propagated in the air,  analogous to the wave ar is ing by the explosion of con- 
densed explosives.  On the basis of the results  of [5] there  appears,  in principle,  fhe possibi l i ty of a nu- 
mer ica l  solution of the problem of the explosion of a gas mixture.  Since the radius of a gaseous charge 
is an o rde r  of magnitude g rea t e r  than the radius of a charge of condensed explosive, equivalent with re-, 
spect to the amount of energy evolved, then in the statement of the problem its dimensions cannot be ne- 
glected. In the present  work, the Neumann--Richtmyer  pseudoviscosi ty  method [7] is used to solve the 
problem of the propagation of shock waves in air,  a r i s ing with the explosion of a spherical  charge of an 
explosive gaseous mixture.  Quantitative information is obtained on the flow of a i r  and detonation products 
behind the front  of a blast  wave for  gaseous mixtures  of acetylene and propane with air .  In these mixtures,  
the combustible was taken in a stoichiometrs ratio with oxygen: 1) C2H 2 + 2.502 + 9.4N2; 2) C3H 8 + 502 + 18.8N 2, 
The resul ts  of the calculations are  compared  with the experiments  of [5]. 
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1.  S t a t e m e n t  o f  P r o b l e m  

In L a g r a n g e  v a r i a b l e s ,  t he  e x p l o s i o n  of a s p h e r i c a l  c h a r g e  i s  d e s c r i b e d  by  a s y s t e m  of equa t ions  of 
o n e - d i m e n s i o n a l  g a s d y n a m i c s ,  which,  in d i m e n s i o n l e s s  f o r m ,  can  b e  w r i t t e n  in the  fo l lowing  m a n n e r :  

[ r ~  ar ae az, a~ _ { r .L_~0p, ar = u; v = = p , (1) 
at ~ z, ) a~, '  at ~ - Z )  a;, . ,  at at 

w h e r e  p = P/P0 i s  t he  pre_r.~ssure; u = U/v~Po/p o i s  the  ve loc i t y ;  v =VP0is the  s p e c i f i c  vo lume;  e = EP0/p 0 i s  the  
i n t e r n a l  e n e r g y ;  t = T p4rp~P0/wis the  t i m e ;  r = R / w  i s  an  E u l e r  c o o r d i n a t e ;  X = A / w  is  a L a g r a n g e  c o o r d i n a t e ,  
a l l  in d i m e n s i o n l e s s  uni t s ;  w = {W/p 0) 1/3W i s  the  t o t a l  e n e r g y  o f  the  c h a r g e ;  P0, P0 a r e  the  i n i t i a l  p r e s s u r e  
and d e n s i t y  of t he  a i r ,  equa l ,  u n d e r  n o r m a l  cond i t i ons ,  to  the  fo l lowing  v a l u e s :  P0 = 1.01375 �9 l 0  s N / m  2, 
P0 = 1.293 k g / m  3. 

We a s s u m e  the  a i r  and the  de tona t i on  p r o d u c t s  to  b e  i d e a l  g a s e s ,  wi th  t he  equa t ions  of s t a t e  p = ( y -  
1 )e /v  f o r  a i r ,  p = ( k - 1 ) e / v  f o r  t he  de tona t i on  p r o d u c t s ,  w h e r e  y = 1.4, k = 1.25. The  b o u n d a r y  cond i t ions  at  
the  c e n t e r  of t he  e x p l o s i o n :  X = 0, u = 0; ahead  of t he  f r o n t  of the  shock  w a v e :  u = 0, p = 1, v = 1. 

To s o l v e  t he  p r o b l e m ,  we need  to  know the  v a l u e s  of t he  sought  func t ions  p, u, v, e, a t  the  m o m e n t  
when the  d e t o n a t i o n  wave  r e a c h e s  t he  b o u n d a r y  of the  c h a r g e .  

The  i n i t i a l  d i s t r i b u t i o n  of the  p a r a m e t e r s  in the  de tona t ion  p r o d u c t s  a t  the  m o m e n t  when the  b l a s t  
wave  r e a c h e s  the  bounda~7 of the  g a s e o u s  c h a r g e  i s  found by  n u m e r i c a l  s o l u t i o n  of the  s e l f - s i m i l a r  p r o b l e m  
f o r  a s p h e r i c a l  b l a s t  wave  [8], wh ich  i s  d e s c r i b e d  by  the  fo l lowing  s y s t e m  of e qua t i ons :  

d l n y  
d In z ( l  - -  x) ~ - -  ( k - -  i )  (1 - -  x)  ~ -  y 

dx ~--- ( 3 k - - t )  x - - 2  = x [3y - -  ( i  - -  x) ~] ' 

w h e r e  z = R / T ;  x = U / z ;  y = c 2 / z 2 ;  R i s  a s p a t i a l  v a r i a b l e ;  T is t he  t i m e ;  U is  the  m a s s  ve loc i ty ;  c i s  the  
s p e e d  of sound in t he  de tona t i on  p r o d u c t s .  

The  cond i t i ons  at  the  f ron t  of the  b l a s t  wave  have  the  f o r m  

k - h i  
Pn--- -p lD2/(k+l) ,  u n = D / ( k + l ) ,  9 n = - - K - p l ,  

w h e r e  D is  the  r a t e  of  de tona t ion ;  Pl is  the  densit_y of the  m i x t u r e .  The  d i s t r i b u t i o n s  of t he  p r e s s u r e  p = 
P / P n '  the  d e n s i t y  p =P/Pn, and the  m a s s  v e l o c i t y  u = U/D,  c a l c u l a t e d  wi th  k =  1.25, a r e  shown in F ig .  1. 

At  the  m o m e n t  when the  b l a s t  wave  r e a c h e s  the  b o u n d a r y  of the  g a s e o u s  c h a r g e ,  t h e r e  is  d e c o m p o s i -  
t ion  of an  a r b i t r a r y  d i s c o n t i n u i t y .  A shock  wave  p a s s e s  into the  a i r ,  and a r a r e f a c t i o n  wave  o v e r  the  de t -  
ona t ion  p r o d u c t s .  To d e t e r m i n e  the  i n i t i a l  p a r a m e t e r s  of the  s h o c k  wave ,  Ps and u s ,  t h e  fo l lowing  r e l a t i o n -  

s h i p s  a r e  u sed  [8]: 
. . . . . .  h - - t  

,,, , 1 / /  - b - -  = k 2 - -  t k 2 - -  i \ Pn / = - 5 -  ~o [(V + i)  Ps + (~ - - ~ )  Pol 

The d i s t r i b u t i o n  of t he  p a r a m e t e r s  p ( r ,  0), u ( r ,  0), v ( r ,  0) e ( r ,  0) ob t a ined  w e r e  t a k e n  a s  the  i n i t i a l  d i s t r i -  
bu t i ons  in s o l u t i o n  of t he  f i n i t e - d i f f e r e n c e  p r o b l e m .  
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T A B L E  1 

Composition of mixture 

CeH2+2,50~+ 9,4N2 

C~Hs+ 50~+ t8,8N~ 

p,, kg/ 
in 3 

1,21 

1,25 

o,,k, L . . . . .  

4i80.815 t,25 i870 0,1804 I 0,28445 

I 4180.668 ~ ~ --O,1970 0,3039 

2 .  M e t h o d  o f  C a l c u l a t i o n  

The ca lcu la t ions  w e r e  made  us ing  the N e u m a n n - R i c h t m y e r  method  of p s e u d o v i s c o s i t y  [7], which  
m a k e s  it poss ib l e  to m a k e  the ca lcu la t ion  without  the  i so la t ion  of s i ngu l a r i t i e s .  The f i n i t e -d i f f e r ence  
equat ions  a p p r o x i m a t i n g  the  s y s t e m  (1.1) a r e  wr i t t en  in the f o r m  

n + i  
qi+ lg2 = 

�9 P~+t/2 - -  ui __ ( q i + i / 2 - -  P i - - l / 2 - -  qi--I /2 
" _ _ \-~-] ~,-  ~,_~ , 

n (rn+t~3 rn+ l  - - r i  U~+t; vi+i/2" n + t  = \ ~,+1 ) - -  ( r n+ l )  3 
�9 -,3 ~3  , 
~i+1 - -  i 

__ "2 f v n +  t n ~2 

'1 ' v.n.+),------- _}_ vg . ,  ,-------~ ~ rr~- / ), if n+I n ~--~xl~ :-r U i + t l 2 - - l ) i + t / 2  ~ O, 

nJ-I n 0 if vi+l/2-- Vi+~/2 ~ 0; 

/ pn+l pn n 
~n+l  en I ~+1/2 @ ~+1/2 ~n+l  ~ (. n + l  ci+l/2 = i + t / 2 - .  2 + Ui+i/2) vi+l/2); 

p n + i  ( g  4~ n + l l n + l  {k, if ~io--I, 
i+1/2 ~ - -  .t) e i + l / 2 / y i + l / 2 ,  where L = 

- y,  if  i > i o - - i .  

Here  q is the p s e u d o v i s c o u s  p r e s s u r e ,  and the subsc r ip t  i 0 c o r r e s p o n d s  to the  i n t e r f ace  be tween  the de tona-  
t ion  p r o d u c t s  and the  a i r .  The ca lcu la t ing  s c h e m e  is explici t ;  the re fore ,  the  value  of  the  t i m e  spac ing  was  
so  se lec ted  that  the  Courant  condi t ion  would be sa t i s f ied :  

rn r~ i ~ < m i n  M i+__s ~ . 
1 /  i F ~ P i + I / 2  i+1/2 

In  the  ca lcu la t ions ,  M was  a s s u m e d  equal  to  0.4. 

3 .  R e s u l t s  o f  C a l c u l a t i o n s  

The s t a r t i n g  c h a r a c t e r i s t i c s  of the exp los ive  gas  mix tu re s ,  used in the  ca lcu la t ions  of [5], a r e  g iven  
in Table  1, w h e r e  Q is the spec i f ic  e n e r g y  of the cha rge  p e r  unit of m a s s ;  ~? and # a r e  d i m e n s i o n l e s s  s i m i -  
l a r i t y  p a r a m e t e r s ,  which have the f o r m  

( 3p0 ~/3 , ~ \,/3 - -  /J0 

F o r  gas  m i x t u r e s ,  by  v i r tue  of the  fact  that  Pl ~ 10-3peon , the  p a r a m e t e r  ~ is an o r d e r  of magni tude  
g r e a t e r  than  f o r  condensed  exp los ives .  

F i g u r e s  2 and 3 show the  d i s t r ibu t ions  of  the ve loc i ty  as  a funct ion of the rad ius  at  fixed m o m e n t s  
of t i m e  f o r  f u e l - a i r  m i x t u r e s  of ace ty l ene  with a i r  (solid l ines)  and p ropane  with a i r  (dashed l ines) .  The 
t i m e  is r e c k o n e d  f r o m  the  m o m e n t  when the b las t  wave  r e a c h e s  the bounda ry  of the sphe r i ca l  gas  cha rge .  
P r o f i l e s  of the  ve loc i ty  and the b la s t  wave  (t = 0) and, fo r  o the r  m o m e n t s  of t ime ,  of the  d i s t r ibu t ion  of the  
shock  wave  in the  gas  a r e  shown in Fig.  2. At the c e n t e r  of the c h a r g e ,  a c o m p r e s s i o n  wave p a s s e s  o v e r  
the de tonat ion  p r o d u c t s ,  which is g r a d u a l l y  conve r t ed  into a second  shock  wave .  Al~proximately at the 
m o m e n t  of t ime  t = 0.13, the second shock  wave  is re f lec ted  f r o m  the c e n t e r .  A f t e r  a c e r t a i n  t ime ,  it 
p a s s e s  th rough  the contac t  bounda ry  and m o v e s  behind the m a i n  shock  wave  (see Fig.  3). F r o m  the  i n t e r -  
ac t ion  be tween  the contac t  boundary  and the  second  shock  wave,  a th i rd  shock  wave is fo rmed ,  w h i c h m o v e s  
toward  the c e n t e r  of  the  explosion,  is r e f l e c t e d  f r o m  it, e tc .  The p r e s s u r e  as  a funct ion of the  rad ius  at 
fixed m o m e n t s  of t i m e  is i l l u s t r a t ed  in F igs .  4 and 5. Fo r  the p u r p o s e s  of a c o m p a r i s o n  be tween  the c a l -  
cu la t ions  and e x p e r i m e n t a l  r e s u l t s  in F ig s .  4 and 5, t he re  is p lo t ted  the band of the max ima]  p r e s s u r e s  at the f ront  
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of the main shockwave,  taken f rom [51. The width of the band corresponds  to 10% accuracy  of the experimental  
resu l t s .  It can be seen f rom the f igures that, with calculations,  the values of the maximal p r e s s u r e s  a re  
somewhat g rea t e r  than in experiments .  The divergence of the results  is obviously connected with the 
mathematical  idealization of the real  physical  phenomenon. 

The small  c i rc les  on the curves  denote the posit ions of the interface between the detonation products  
and the air .  At the initial moments  of t ime af ter  the explosion, the detonation products  expand and, at the 
moment of t ime t = 0.3, occupy a maximal  volume, whose radius is 1.94R 0, where R 0 is the initial radius 
for  the mixture.  After  this, there  are  vibrations of the contact boundary, and the final radius of the volume 
occupied by the detonation products is equal to 1.8R 0. The calculations were made up to a distance of 10 R 0 
f rom the center  of the explosion. The reliabili ty of the calculations was verified not only using the exper i -  
mental resu l t s  of [5], but also by reducing the spacing of the f ini te-difference grid.  For  this purpose,  the 
spacing with respect  to the spatial var iable  of the f ini te-difference problem was decreased  by two t imes .  
The results  obtained in the reduced grid coincided sufficiently well with the start ing results  on the original 
gr  i d. 

Thus, a numerica l  solution has been used to determine the distribution of those sought quantities 
which cannot be obtained experimentally;  an effect of the pulsations of the detonation products  of a gas 
charge has been obtained; an analogous distr ibution for the detonation products  of condensed explosives 
was not observed in experimental  work [5]; a calculating scheme has been approved which makes it pos-  
sible to solve the problem for  a whole class  of detonating gas mixtures .  

The author expresses  his thanks to V. V. Mitrofanov for his continuing interes t  in the work and for 
his evaluation of the resul ts  obtained. 
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INVESTIGATION OF THE SPECIAL CHARACTERISTICS 

OF THE PROPAGATION AND REFLECTION OF PRESSURE 

WAVES IN A POROUS MEDIUM 

B. E. Gel'fand, S. A. Gubin, 

S. M. Kogarko, and O. E. Popov 
UDC 532.593 

In view of the wide use of porous mater ia ls  in technology there  a r i ses  the need to investigate 
the dynamic p roces se s  taking place in them. The main difference between a porous substance 
and a solid condensed mater ia l  is the fact that the condensed phase occupies only par t  of the 
volume of the porous medium, which leads to a lowered volumetr ic  density and to a la rge  de- 
gree of compress ib i l i ty .  There  is pa r t i cu la r  interest  in polymer ic  media  with a small  den- 
sity on the order  of 20 k g / m  3, in which up to 98% of the volume is occupied by the gas phase.  
Such a density is achieved if the medium has a cellular  s t ruc ture  of the foam, for  example, 
in polyurethane foam plas t ics .  At the present  time, only the elast ic p roper t i es  of polyure-  
thane foam plas t ics  under the action of cyclic [1] and impact [2, 3] loads are  known. Ques- 
tions of the formation of p r e s s u r e  waves in such a medium, with the ref rac t ion  in it of a 
shock wave f rom the gas,  of the s t ruc ture  of the wave propagating over  the foam plast ic,  
as well as the special  charac te r i s t i c s  of its reflection f rom the interface,  remain  unclear.  
In the experiments  described below, an investigation was made of p r e s s u r e  waves with in- 
tensi t ies  up to 20 bars  in elast ic polyurethane foams (PUF) with a poros i ty  of 0.98 and the 
special  cha rac te r i s t i c s  of the reflection of such waves f rom a rigid wall were  also deter-- 
mined. 

1. E x p e r i m e n t a l  U n i t  

The experiments on the study of the s t ruc ture  of p r e s s u r e  waves in a porous medium were  made in a 
shock tube of rectangular  c ross  section 45 �9 30 ram, shown in Fig. 1. The high- and low-p res su re  cham-  
bers ,  denoted by the numbers  1 and 2, have a length of 0.4 and 1.5 m, respec~iveIy. The unit is provided 
with p iezoelect r ic  p r e s s u r e  pickups 3-6, with natural frequencies of about 30 kHz. Pickup 3 t r igge r s  the 
scanning of the oscil lograph, pickups 4, 5 r eco rd the  p r e s s u r e  in the passing wave, and pickup 6, that in 
the reflected wave. The readings of the pickups were recorded in a f ive-beam C1-33 oscil lograph; the 
signals of pickups 4 and 5 are  fed to channels 1 and 2 (counting the beams f rom the bottom up), and, of 6, 
s imultaneously to channels 3-5, with different sensi t ivi t ies.  
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