
E F F E C T  OF T H E  C A S I N G  ON THE I N I T I A L  P A R A M E T E R S  

OF  THE U N D E R W A T E R  E X P L O S I O N  OF A C Y L I N D R I C A L  

C H A R G E  OF E X P L O S I V E  

M. K.  B a r a n a e v ,  V .  M.  V i t e l i s ,  UDC 622.215.2 
a n d  K .  M.  S h u m o v  

An experimental  determination was made of the initial pa ramete r s  of shock waves in water  
with the explosion of cyl indrical  charges  of TNT in casings .  It is shown that these p a r a m -  
e ters  depend mainly on the dynamic rigidity of the mater ia l  and the relat ive weight of the 
shell .  It is establ ished that during the p rocess  of the expansion of the casing of the charge 
with an explosion in l imited volumes of water  there is formed a region of ex t remely  rapid 
expansion, whose boundary can be identified with the boundary between the detonation prod-  
ucts and the water  after destruction of the casing,  coinciding in time with the a r r iva l  of the 
cavitation front.  

The question of the underwater  explosion of cyl indrical  (elongated) charges  of explosive has been dis-  
cussed in [1-5]. In [1, 4, 5] data are presented on p r e s su re s  at the front of shock waves P f  for open charges 
at re la t ively grea t  distances f rom their surfaces ,  which does not permi t  evaluating the vfflue of the initial 
p ressu re  at the front of the shock wave P r  . In [2], for open charges  of PETN (density p = 1 67 g / c m  3, 

J 0  " 9 
detonation velocity D = 8.4 k m / s e e ) ,  the value of Pf0 at the surface of the charge was 195 �9 103 k g / c m  . 
The underwater  explosion of elongated charges  in casings (saturated charges  of TNT in paper  casings,  p = 
1 g / c m  3, D = 5.5 k m / s e c ,  as well as detonating fuses made of TNT and hexogen) was studied in [3]; there 
the initial p re s su re  at the front of the shock wave Pf0 was found equal to 35 �9 103 k g / c m  2 . However, the 
substantial change in the detonation pa ramete r s  in comparison with [2] does not permi t  forming a judgment 
with respec t  to the effect  of the casing of the charge on the initial pa ramete r s  of an underwater  shock wave. 

The experiments  on the study of the effect of the casing on the initial pa ramete r s  of a shock wave in 
water  were ca r r i ed  out in t ransparent  plane-paral le l  aquariums measur ing 100 x 100 x 150 mm 3. The ex-  
plosives used were cyl indr ical  charges  of TNT (p = 1.55 g / c m  3, D = 6.7 k m / s e c )  with a diameter  of 2R 0 = 
12 mm and a length of 42 mm.  The charges  of explosive were exploded in casings made of Plexiglas and 
Duralumin with a wall thickness of 1 mm, and of steel  (St.3) with wall thicknesses of 0.5, 1, and 2 mm.  Ig- 
nition was f rom one end, using lagless detonators.  The internal radius of all the samples was equal to 6.5 
ram. The explosion was recorded  with an SFR-2 c a m e r a  using a pulsed light source .  

The photography was done using a variant  of sl i t  scanning. In all cases ,  the charges  were mounted 
horizontal ly in the middle par t  of one of the walls of the aquarium. The width of the sl i t  was 0.2 mm, and 
the scanning rate was 2 k m / s e c .  

Figures  1-3 give photograms of the scanning of the process  of the explosion of charges  of explosives 
in water ,  where I is the casing of the charge before the explosion, II is a shock wave in water,  IH is the ex- 
panding casing of the charge,  IV is the region of very  rapid expansion. The time scale (along a horizontal) 
is 3 mm = 1 gsec .  

Figure 1 re la tes  to the explosion of a charge in a steel  casing,  Fig. 2 in a Duralumin casing, and 
Fig.  3 in a Plexiglas casing.  The presence  of light bands in section III of the photogram (Fig. 2) is evi-  
dence of the formation of c racks  in the Duralumin casing with the passage of a detonation wave f rom the 
charge of explosive.  The white spot at the boundary between sections I and II of the photogram (Fig. 3) is 
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Fig .  1 

F ig .  2 

F ig .  3 

obv ious ly  due to l u m i n e s c e n c e  of the a i r  in the gap between the exp los ive  and the c a s i n g  with the e m e r -  
gence  o f t h e d e t o n a t i o n  wave to the su r f ace  of the cha rge ;  in the p r e s e n t  c a se ,  this  is o b s e r v e d  as a r e s u l t  
of the t r a n s p a r e n c e  of the p l e x i g l a s  c a s i n g .  

A n a l y s i s  of the p h o t o g r a m s  obta ined  came  down to m e a s u r e m e n t  of the d i s t a n c e s  AR of the f ron t  of 
the shock wave f r o m  the su r f ace  of the ca s i ng ,  at  d e t e r m i n e d  i n t e r v a l s  of t ime  A T. The m e a n  (from two 
e x p e r i m e n t s )  va lues  of AR =AR{A~)  m m  a re  g iven  in Table  1. 

The da ta  g iven in Tab le  1 were  a p p r o x i m a t e d  by the fol lowing dependence  with an e r r o r  not  g r e a t e r  
than 3 -5~  , in the r a n g e  0-< AR* -< 2.3,  0<- A~-* <- 4.5 

whe re  

AR* = Vo* (1 + A~*) TM in (l + A'~*) (1) 

AR* = AR / Ro, h'~* = A~D / Bo 

V0* a re  e x p e r i m e n t a l  c o n s t a n t s .  

In i ts  p h y s i c a l  s ense  the c o n s t a n t  V0* 
wave along a n o r m a l  to the s u r f a c e  of the c a s i n g ,  Ac tua l ly ,  

d (AR*) t d (AR) Vo 
d(h~*) -- D d(h~) -- D --V~ 

whence ,  with &7 * = 0 we have V0/D = V0*.  

is  the d i m e n s i o n l e s s  in i t i a l  r a t e  of p ropaga t ion  of the shock 

m In (t + A~:*) + t 
{1 -4- Av*) 1-m (2) 

The t rue  d i m e n s i o n l e s s  in i t i a l  ve loc i ty  of the f ron t  of the shock wave N f0 * = Nfo/D with s l ipp ing  of 
the de tona t ion  wave was found in acco rdance  with [3] f rom the e x p r e s s i o n  

Ntc* = V1o* (t + V*20)-'/~ (3) 

F u r t h e r ,  u s ing  known h y d r o d y n a m i c  r e l a t i o n s h i p s ,  c a l c u l a t i o n s  were  made of the i n i t i a l  p r e s s u r e s  
Pf0 and the m a s s  v e l o c i t i e s  Uf0 at  the f ron t  of the shock wave;  these  are  g iven in Tab le  2.  

It fol lows f rom Tab le  2 tha t  the i n i t i a l  p a r a m e t e r s  of a shock wave in w a t e r  depend m a i n l y  on the 
dynamic  r i g i d i t y  of the m a t e r i a l  of the c a s i n g  and the r a t i o  of the weights  of the c a s i n g  and the cha rge  of 
exp los ive ;  the o ther  c h a r a c t e r i s t i c s  do not  e x e r t  any s u b s t a n t i a l  ef fect  (within the l i m i t s  of the a c c u r a c y  of 
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TABLE 1 

Casing mater., 
exter, radius 
Rl, m m  

Ptexigtas 
Rt = 7.65 
Duralumin 
R1 = 7.60 

St. 3, 
/ h =  7.00 

St. 3, 
R1 = 7.50 

St. 3, 
R1 = 8.50 

0.333 

2.15 

t .35 

t .'44 

t .12 

0.90 

0.667 

3.20 

2.54 

2.46 

2.04 

t.76 

1.000 

4.4t 

3.80 

3.64 

2.73 

2.60 

i .333 

5.39 

4.68 

4.85 

3.8t 

3.50 

1.667 

6.55 

5.98 

5.96 

4.66 

4,.40 

2.000 

7.65 

7.t5 

6.87 

5.59 

5.26 

3,000 

10.70 

i0.09 

10.00 

8.7i 

7.58 

TABLE 2 
Casing material, 
dynamic rigidity, 

- 4 -  pC o �9 I 0 - ,  
g/(cm 2. sec) 

Plexiglas 
pCo = 3.4 

Duralumin 
9Co = t4 

St. 3 
pCo = 43 

Wt. of cas- 
ing: wt. of 
cliarge 

0.30 

0.64 
t.0 
2.0 
4.0 

% 

O. 880 

0. 586 
0.6t3 
0.456 
0.447 

0.202 

0.463 
0.407 
0.496 
0.502 

Nto 

0.664 

0.506 
0.523 
0.415 
0.412 

Nfo , 

kin/see 

4.45 

3.39 
3.50 
2.78 
2.76 

P.fo" tO-,, 

kg/cm a 

63.0 

28.5 
3t .0 
t4.5 
13.3 

4.000 

t3.45 

t2.95 

t2.66 

tt .t5 

10.20 

U/0, 

km/sec 

1.40 

0.82 

o~1 

TABLE 3 

Mamrial /'fo.io-,, kg/cm z uto, km/sec 

of casing 

Plexi~las 
Dura/nmin 
St. 3 

expt. calc. 

63.0 60.0 
28.5 37.8 
14.5 i8.9 

expt. calc. 

t .40 1.43 
0.82 1.06 
0.5i 0.66 

the e x p e r i m e n t ) .  It  m u s t  be noted  that  the value of p f  d e t e r m i n e d  in the p r e s e n t  e x p e r i m e n t s  for  an open 
charge  of TNT,  u s ing  the above method,  is  equa l  to 620.5 �9 103 k g / c m  2 , which p r a c t i c a l l y  co inc ides  with the 

c o r r e s p o n d i n g  va lue  of P f  0 for a charge  in a P l ex ig l a s  c a s i n g .  

In [2], for an open charge  of TNT,  P f  = 195 . 103 k g / c m  ~. It  can  be pos tu la t ed  that  this  r e s u l t  was 
ob ta ined  for the p ropaga t ion  of the f ron t  of ~he shock wave along a n o r m a l ,  i . e . ,  wi thout  tak ing  account  of 
the t rue  d i r e c t i o n  of the ve loc i ty  of the f ron t  of a shock wave with s l ipp ing  of the de tona t ion .  In the p r e s e n t  
e x p e r i m e n t s ,  for  TNT in a P l e x i g l a s  ca s ing ,  which p r a c t i c a l l y  c o r r e s p o n d s  to an open cha rge ,  with an ex -  
p los ive  hea t  of explos ion  Qvm = 1200 k c a l / k g ,  the n o r m a l  ve loc i ty  of the f ron t  of the shock wave V 0 = 5.89 
k m / s e c ;  in acco rdance  with [5], such  a ve loc i ty  c o r r e s p o n d s  to Pf0 = 160 �9 103 k g / c m  2. F o r  P E T N  (Qvm = 
1460 k c a l / k g )  we have Pf0 = 160 �9 103 {1460/1200) ~--195 �9 10a k g / c m  ~, which co inc ides  with the value of Pf0 
f r o m  [2]. 

It is  of i n t e r e s t  to c o m p a r e  the e x p e r i m e n t a l  va lues  of the in i t i a l  p a r a m e t e r s  of a shock wave at the 
b o u n d a r y  be tween  the c a s i n g  and the wa te r  with the ca l cu l a t ed  v a l u e s .  Tab le  3 shows such  a c o m p a r i s o n  
for  c a s i n g s  made  of P l e x i g l a s ,  D u r a l u m i n ,  and s t e e l  with a th i ckness  of 1 m m .  Methods for  ca l cu la t ing  
the in i t i a l  p a r a m e t e r s  of a shock wave at the bounda ry  be tween  the d i f f e r en t  m e d i a  a re  se t  forth in [6, 7]. 

If we take into c o n s i d e r a t i o n  the degree  of approx ima t ion  of the c a l c u l a t i ng  me thods ,  as wel l  as the 
a s s u m p t i o n  made  in the c a l c u l a t i o n s  with r e s p e c t  to the i n v a r i a b i l i t y  of the p a r a m e t e r s  of the shock wave 
in the ca s ings ,  the a g r e e m e n t  of the r e s u l t s  m u s t  be r e c o g n i z e d  as s a t i s f a c t o r y .  

An i n t e r e s t i n g  fac t  is the p r e s e n c e  of s ec t ion  IV on the pho tog rams  (F igs .  1-3) ,  c h a r a c t e r i z e d  by a 
sha rp  point  of in f l ec t ion  of the b o u n d a r y  of the image ,  i .e . ,  by  a d i s c on t i nu i t y  in the ve loc i ty .  This  phe-  
n o m e n o n m a y  be due to w a t e r  cav i t a t ion  in the r a r e f a c t i o n  wave.  This  a s s u m p t i o n  is c o n f i r m e d  by the fact,  
e s t a b l i s h e d  in spec i a l  e x p e r i m e n t s ,  tha t  the t ime  of the appea rance  of sec t ion  IV on the pho tog rams  depends  
on the vo lume  ( l inear  d imens ions )  of the a q u a r i u m  in which the explos ion  takes  p lace .  

140 



The indi rec t  linking on the pho tograms  of sect ions III and IV is evidence of the fact  that the cavi ta t ion 
zone has  a r r ived  at  the casing of the cha rge .  Taking into considera t ion  that, in this case ,  ahead of the ex -  
panding (deforming) cas ing there  is a sha rp  drop in the p r e s s u r e ,  the moment  of the appearance  of sect ion 
IV on the photograms  may  obviously be connected with the moment  of the des t ruct ion of the cas ing .  

In a cons idera t ion  of the pho tograms  presen ted ,  the following proposi t ion may  a r i s e :  Is not the ap-  
pearance  of sect ion IV connected with the a r r i v a l  of the shock wave at the walls of the aquar ium and the i r  
des t ruc t ion ,  leading to a loss  of t r a n s p a r e n c y ?  However,  in the expe r imen t s  under considera t ion  the loss  
of the t r a n s p a r e n c y  of the walls  se t  in l a t e r  than the s t a r t  of the record ing  of sect ion IV, and the re fo re  
could not affect  its appearance  in any way.  

Analysis  of sec t ions  IV on Figs .  1-3 yields the following values of the initial  ve loc i t ies  of the motion 
of the boundary of the rap id ly  expanding region:  in the case  of a Plexiglas  casing,  5.47 k m / s e c ;  in the case  
of a Duralumin casing,  5.60 k m / s e c ;  in the case  of a s tee l  cas ing,  7.02 k m / s e c .  

As can be seen f r o m  the data p resen ted ,  this veloci ty is cons iderab ly  g r e a t e r  than the veloci ty  of the 
f ront  of the shock wave in sect ion II, Nf0. If the identity holds between the boundary of the image in s e c -  
tion IV of the photograms  and the boundary of a gas bubble a f te r  des t ruct ion of the casing,  such a d iscon-  
tinuity in the veloci ty  may  be explained by a sharp  lowering of the densi ty of the cavi ta t ing wa te r  [4, 8]. 
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