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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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In the expe r imen t s ,  a s tudy was made  of the motion of waves in b locks  of po lyure thane  foam with a 
length f rom 0.15 to 0.6 m, mounted in the l o w - p r e s s u r e  c h a m b e r  of the shock tube.  A p r e s s u r e  wave in 
the po lyure thane  foam was gene ra t ed  with the r e f l ec t ion  of an a i r  shock wave at the foam p l a s t i c - a i r  i n t e r -  
face .  The p r e s s u r e  in the  wave is g iven  by the p r e s s u r e  of the incident  shock wave Apl.  An inves t iga t ion  
was made  of the  mot ion of waves with an in tens i ty  of Ap2 = 1.5-20 ba r ,  with an in i t ia l  p r e s s u r e  of the gas  
P0 = 1 b a r .  The p r inc ipa l  m e a s u r e d  p a r a m e t e r s  of the waves we re  the ra te  of propagat ion,  the p r e s s u r e  
in the waves pa s s ing  through,  the p r e s s u r e  of waves r e f l ec t ed  f rom a r ig id  wall,  and the degree  of damp-  
ing of the waves  in po lyure thane  foam.  The speed of sound was de t e rmined  in the s ame  m a t e r i a l s .  F o r  
this  purpose ,  the l o w - p r e s s u r e  chambe r  was comple te ly  f i l led with the m a t e r i a l  being inves t iga ted  and 
was then d i scha rged  into the evacuated  h i g h - p r e s s u r e  chamber .  The speed of sound was de te rmined  f rom 
the motion of the head of the r a r e f a c t i o n  wave in the po lyure thane  foam block and was m e a s u r e d  by a 
r e sonance  method for  v ib ra t ions  with a f requency up to 1 kHz. With m e a s u r e m e n t s  of the speed of sound, 
as  well  as  of the r a t e  of p ropaga t ion  of waves with ampl i tudes  f rom 1.5 to 3 b a r s ,  and t h e i r  re f lec t ion  f rom 
a r ig id  wall ,  an OK-24 two-beam osc i l l og raph  was used.  The r e sonance  f requenc ies  were  de te rmined  using 
a ChZ-33 f requency m e t e r .  

2 .  R e s u l t s  o f  E x p e r i m e n t s  

F igure  2a shows an o s c i l l o g r a m  of the read ings  of p r e s s u r e  p ickups  with the r e f l ec t ion  of an a i r  
shock wave with M = 2.0 and an ampl i tude  of 19.6 b a r s  f rom the su r f ace  of a block of po lyure thane  foam 
with a length of 0.15 m.  The t ime  sca l e  in channels  1, 2 was 300 #sec /d iv i s ion ,  and the s c a l e s  of the p r e s -  
su re  we re  7.5 and 11 ba r /d iv i s ion ,  r e s p e c t i v e l y .  Due to the cons ide rab l e  d i f fe rence  in the acous t ic  r e s i s -  
t ances  of the a i r  p lc l  = 4.2 �9 102, and of the porous  med ium P2c2 = 4 �9 l0  s kg/ ( In  2 �9 sec) ,  with r e f l ec t ion  a shock 
wave a r i s e s ,  which is seen  on the o s c i l l o g r a m  as the second step of the p r e s s u r e .  The wave, r e f r a c t e d  in 
the polyure thane  foam, is  then r e f l ec t ed  f rom the c losed  end of the tube,  which is r e c o r d e d  by pickup 6 in 
channels  3-5.  With a p r e s s u r e  s ca l e  of 34.6 ba r s /d iv i s ion ,  the t ime  s ca l e s  in channels  1-3 coincide.  In 
channels  4, 5, the s ame  signal  is  r e p r e s e n t e d  with a scanning t ime  of 100 psec/division and a s e n s i t i v i t y  of 
60 and 80 b a r s / d i v i s i o n ,  r e s p e c t i v e l y .  

Tne e x p e r i m e n t s  showed that  the  p r e s s u r e  in a wave in porous  media ,  in d i s t inc t ion  f rom gaseous  
media ,  r i s e s  g radua l ly  in a t ime  on the o r d e r  of a few hundred m i c r o s e c o n d s .  The t ime  of the r i s e  is  
found to be g r e a t e r  the w e a k e r  the p r e s s u r e  wave.  F igure  2b shows an o s c i l l o g r a m  of the re f lec t ion  of a 
wave with an ampl i tude  of 1.5 b a r s  f rom a sol id  r ig id  wal l .  On the lower  beam,  t h e r e  is r e c o r d e d  the in-  
c ident  wave with the ini t ia l  phase  of the ref lec t ion ,  m e a s u r e d  by a pickup ins ta l l ed  at  a d is tance  of 0.1 m 
f rom the wal l .  On the upper  beam the re  is  r e c o r d e d  the p r e s s u r e  r e c o r d e d  by the end pickup.  The t ime  
m a r k e r s  follow e v e r y  300 #sec .  
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TABLE 1 

5p, 

0.6 
J,0 
1,9 
2,8 
4,5 

Ap2 

! ,48 
2,75 
6,23 
i0,4 
19,() 

A~,~(water)] ~P2 

2,9(~ :; ,0 
5,0 (],a 

12,4 19 
20,8 50 
39,2 i20 

Measu remen t  of the ve loc i ty  of the wave in b locks  of m a t e r i a l  with a length of 0.6 m d i s c l o s e s  damp-  
ing of the wave, the degree  of which depends on the ampl i tude .  Speci f ica l ly ,  in a length of 340 ram, the 
ve loc i ty  of the wave fa l l s  f rom 320 to 200 m / s e c  with a p r e s s u r e  drop at the f ront  of 4 b a r s ,  and f rom 380 
to 280 m / s e c  with a p r e s s u r e  drop of 12 b a r s .  Such a drop in the ve loc i ty  f a r  exceeds  the e r r o r  in i ts  

m e a s u r e m e n t ,  amounting to 4-5%. 

Along with the  veloci ty ,  t he re  is  a l so  a d e c r e a s e  in the p r e s s u r e  behind the front  with i ts motion 
over  the m a t e r i a l .  The deg ree  of damping is lowered  with a d e c r e a s e  in t h e i r  in tens i ty .  Specif ical ly ,  a 
wave with A p J p 0  = 14 is damped at a r a t e  of 6, with Ap2/p0 = 7, of 3 b a r s / r e .  The damping of waves weaker  
than Ap2/P0 = 5, l i e s  within the l i m i t s  of the e r r o r  of the m e a s u r e m e n t  and does  not exceed 10~ in a length 
of 0.34 m. 

The r e su l t s  of m e a s u r e m e n t  of the p a r a m e t e r s  of re f lec ted  waves a r e  of the g r e a t e s t  i n t e re s t .  F ig -  
u r e  3 shows a curve  of the dependence of the ra t io  of the p r e s s u r e  in the re f l ec ted  wave Ap3 to the p r e s s u r e  
in the incident  wave on the value of Ap2/P0. The dependence e s t ab l i shed  in the e x p e r i m e n t s  is r e p r e s e n t e d  
by the open t r i ang l e s ;  the solid l ine  shows the degree  of i n c r e a s e  in the p r e s s u r e  at the wall with the n o r -  
mal  r e f l ec t ion  of a shock wave in a i r ,  ca lcu la ted  using the well  known Izmai lov  fo rmula  [4]. The s a m e  
dependence for  a l o w - c o m p r e s s i b i l i t y  medium of the type of w a t e r  is shown by the dashed l ine .  

Analyzing the exper imen ta l  data,  the conclus ion can be drawn that  the c o m p r e s s i b i l i t y  of the e l a s t i c  
po lyure thane  foam under  cons ide ra t ion  is  sma l l  only in the region of p r e s s u r e  d rops  up to 2-3 b a r s :  such 
waves for  this  m a t e r i a l  wil l  be weak.  The i r  veloci ty  d i f fers  only s l ight ly  f rom the r a t e  of p ropaga t ion  of 
sonic v ibra t ions ,  i .e . ,  f rom a value of (2.0 +0.1) "102 m / s e c ,  while the deg ree  of i n c r e a s e  in the p r e s s u r e  
with re f l ec t ion  (the coeff ic ient  of ref lec t ion)  ~ 2. With a r i s e  in the in tens i ty  of the incident  wave, the co-  
eff icient  of re f lec t ion  r i s e s  and, s t a r t i ng  f rom a p r e s s u r e  of ~ 12 b a r s ,  exceeds  its value in the gas .  

The p r e s s u r e  of the re f lec t ion  for  e l a s t i c  po lyure thane  foam is a p p r e c i a b l y  lowered  in the e a s e w h e r e  
it has a ske le ta l  s t r uc tu r e ,  i .e . ,  the b a r r i e r  f i lms  in the ce l l s  of the m a t e r i a l  a r e  removed .  The r e su l t s  
of the m e a s u r e m e n t s  a r e  shown by the da rk  t r i a n g l e s  in Fig.  3. 

The absolute  values  of the p r e s s u r e s ,  e x p r e s s e d  in b a r s ,  a t ta inable  with the no rma l  re f lec t ion  of a 
shock wave f rom a r ig id  wall,  a r e  given in Table 1 for  a i r ,  water ,  and po lyure thane  foam, differ ing in den-  
s i ty  and c o m p r e s s i b i l i t y :  Api r e l a t e s  to a shock wave, p ropagat ing  ove r  the gaseous  medium,  and then 
being r e f r a c t e d  in the d e n s e r  medium;  Ap2 a r i s e s  with the decompos i t ion  of the d iscont inui ty  and is ac -  
tua l ly  equal to the p r e s s u r e  of a wave in a gas  re f lec ted  f rom a r igid wall;  Ap2 in the th i rd  column shows 
that ,  in wa te r ,  re f lec t ion  f rom the wall t akes  p l ace  in accordance  with an acous t i ca l  law. The l a s t  column 
gives  the r e su l t s  of m e a s u r e m e n t s  of the p r e s s u r e  with the re f lec t ion  of a wave with the p r e s s u r e  AP2 in 
po lyure thane  foam.  

It can be seen f rom Table 1 that  the r ep l acemen t  of a continuous medium by a porous  medium leads  
to a c o n s i d e r a b l e  i n c r e a s e  in the r e f l ec t ion  p r e s s u r e .  

The p o s s i b i l i t y  of at taining high p r e s s u r e s  with the re f lec t ion  of a shock wave, p ropagat ing  over  a 
porous  p l a s t i c ,  f rom a r ig id  wall  is  obviously  explained by the fact  that  the sol id  phase  of the porous  m e -  
dium is se t  into motion behind the wave.  This  effect is  min ima l  for  weak waves;  the re fo re ,  i t  l e ads  to an 
acous t i ca l  r e su l t  with re f lec t ion  f rom a r ig id  wal l .  F o r  s t rong waves,  the motion of the sol id  phase ,  in 
which is concent ra ted  the main m a s s  of the porous  medium,  p romotes  an i n c r e a s e  in the p r e s s u r e  in the 
re f lec ted  wave, in compar i son  with the case  of a pu re  gas .  The fac to rs  which br ing  about a lower ing  of the 
r a t e  of m a s s  t r a n s f e r  a l so  br ing about a lower ing  of the p r e s s u r e  behind the re f lec ted  wave. P r e c i s e l y  
for  th is  r eason ,  t he re  is  a lower ing of the re f l ec t ion  p r e s s u r e  with the l iquidat ion  of the f i l m - p a r t i t i o n s  in 
the ce l l s  of the m a t e r i a l .  The ske le ta l  s t r u c t u r e  of the m a t e r i a l ,  c ons i de r a b l y  d e c r e a s i n g  the r e s i s t a n c e  
to the gas  flow, l eads  to a lower ing of the t r a n s f e r  ra te  in the d i rec t ion  of the motion of the wave and, in 
the final ana lys i s ,  to a lower ing  of the re f lec t ion  p r e s s u r e .  
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CALCULATION OF AN EJECTION EXPLOSION 

IN A RADIAL APPROXIMATION 

N. A. Guzhov and P. F. Korotkov UDC 539.3 

Equations a r e  der ived descr ib ing  the motion of a med ium with an eject ion explosion, under  
the assumpt ion  that the med ium is i ncompres s ib l e  and moves  in a radial  d i rec t ion a w a y f r o m  
the cen te r  of the explosion.  Here  account is taken of the tangential  s t r e s s e s  between the mov-  
ing l a y e r s  of the medium.  A compar i son  of the calculat ions of the veloci t ies  of the motion of 
the dome and the d imensions  of the c r a t e r s  fo rmed  showed good agreement ,  both with model  
expe r imen t s  on the eject ion of sand, and with l a r g e - s c a l e  e ject ion explosions.  

1.  I n t r o d u c t i o n  

The development  of an eject ion explosion in soil  o r  rock  with t ime  can be r ep resen ted  in the fo rm of 
th ree  bas ic  s tages  [1, 2]. The underground-explos ion  s tage l a s t s  f r o m  the moment s  of the detonation of 
the charge  up to the a r r i v a l  of the wave at the su r face .  Here  the motion of the medium is c lose  to sphe r i -  
cal s y m m e t r y .  In the second stage,  s ta r t ing  a f t e r  ref lect ion of the wave f rom the f ree  sur face ,  a dome 
develops.  This s tage continues up to the momen t  of the break through  of the gases  f rom the cavity to the 
a tmosphe re .  Af te r  this ,  the dome b r eaks  down rapidly and, during the succeeding moment s  of t ime,  in 
the third stage,  t he re  is a ba l l i s t ic  d i spe r s ion  of pa r t i c l e s  between which the re  is ve ry  l i t t le  connection. 

The two-dimens ional ,  not fully es tabl i shed motion of the med ium in the second s tage de te rmines  to 
a cons iderable  degree  the d imensions  of the future c r a t e r ,  A complete  invest igat ion of this motion is c o m -  
pl ica ted  and is poss ib le  only using h igh-speed  compu te r s .  In [3-6], methods  a r e  p roposed  for  calculat ing 
the equations of an e las toplas t ic  m ed i um  with two spat ia l  va r i ab l e s .  Such calculat ions r equ i re  a l a rge  
amount of machine  t ime;  the re fo re ,  they a r e  not ve ry  sui table in  cases  where  a l a rge  number  of va r ian t s  

is needed for  the ana lys i s .  

To make  p r e l i m i n a r y  calculat ions a imed at c lar i fying the effect  of the p a r a m e t e r s  cha rac te r i z ing  
the p r o p e r t i e s  of the med ium and the conditions of the conduct of the explosion on the eject ion c r a t e r ,  it 
is expedient to use  I e s s  compl ica ted  methods ,  requir ing a smal l  amount of machine  t ime  for each var iant .  
In the const ruct ion of a s imple  e ject ion model ,  in the p r e sen t  work  the following assumpt ions  a r e  used: 
1) the motion of the medium in the second s tage takes  p lace  only in a radia l  direct ion;  2) the medium is 

i ncompres s ib l e .  

The f i r s t  postula t ion is based  on the fact  that the development  of the dome s t a r t s  a f t e r  the end of 
the spher ica l ly  s y m m e t r i c a l  underground-explos ion  s tage,  in which the veloci ty has a radial  direct ion.  
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