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NUMERICAL MODELING OF PROJECTILE IMPACT SHOCK INITIATION 

OF BARE AND COVERED COMPOSITION-B 

John S ta rkenbe rg  
Yun Huang 

Alvin  Arbuckle 
Ba l l i s t i c  Research Labora tory  

AMCCOM 
Aberdeen Proving Ground, Maryland 

ABSTRACT 

T h i s  paper concerns our numer ica l  modeling o f  t h e  

p r o j e c t i l e  impact shock i n i t i a t i o n  of composition-B (comp-B). 

We have cons idered  both b a r e  and covered cha rges  impacted by 

c y l i n d r i c a l  steel p r o j e c t i l e s  u s i n g  t h e  Los Alamos 2DE code. 

have examined t h e  flow f i e l d s  in some d e t a i l  and compared 

p r e d i c t e d  c r i t i ca l  velocities wi th  pub l i shed  exper imenta l  

va lues .  For ba re  cha rges ,  we observed  two d i f f e r e n t  mechanisms 

by which t h e  cr i t ical  v e l o c i t y  is determined. 

p r o j e c t i l e s  of s u f f i c i e n t l y  l a r g e  d iameter  i n i t i a t i o n  occurs as 

the impact induced shock wave b u i l d s  t o  d e t o n a t i o n  by 

reinforcement due t o  burn ing  behind t h e  shock. For sma l l e r  

We 

For impacts  by 

J o u r n a l  of Energe t i c  Materials Vol. 2, 141 
This  paper  is no't s u b j e c t  t o  U.S. copyr igh t .  
Publ i shed  i n  1984 by  Dowden, Brodman & Devine, Inc .  

1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



diameter, h igh  velocity project i les ,  we saw that detonation or 

near detonation breaks out immediately on impact, b u t  may be 

quenched by the ensuing rarefactions. We found that 2DE 

predicted the c r i t i c a l  velocity accurately, We checked f l d t  

values along the in i t i a t ion  threshold and found them to  be 

relat ively constant. We also simulated the special projecti le 

geometries considered by EIoulard, and found that 2DE provided a 

quali tative explanation of h i s  observations. I n  the case of 

covered project i les  we found flow f i e l d s  similar t o  the bare 

charge case. 

t o  overtake the shock before they entered the explosive and 

significantly raised the  c r i t i c a l  velocity. 

i n i t i a t ion  thresholds agree wi th  Howe's r e su l t s  b u t  not wi th  

Slade and Dewey's. 

The thickest  cover plates allowed the rarefaction 

The predicted 

INTRODUCTION 

Projecti le impact shock in i t i a t ion  of high explosives has 

long been a subject of interest  i n  the energetic materials 

community. 

over the years. 

shock in i t i a t ion  for comparison with experiments has been 

reported i n  a t  l ea s t  one case.4 

c r i t i c a l  velocit ies and no detailed analysis of the flow f ie lds  

revealed by t h e  computations were presented. I n  another 

numerical s tudy ,  Mader and Pimbleg modeled the in i t i a t ion  of 

Considerable experimental data has been generated 

Numerical modeling of project i le  impact 1-4 

However, only the prediated 
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explosives due t o  t h e  impact of shaped charge jets using t h e  

same computer code used i n  the present paper. 

This paper concerns our numerical modeling of t h e  

projecti le impact shock in i t i a t ion  of composition-B (comp-B). 

We have considered both bare and covered charges impacted by 

cylindrical s t ee l  projecti les using the Los Alamos 2DE code. 

HOM equations of s t a t e  for i ne r t  comp-B, reactive comp-B, and 

347-steel were used. We have examined the flow f i e lds  i n  some 

de ta i l  and compared predicted c r i t i c a l  velocities w i t h  published 

experimental values. 

BRIEF DESCRIPTION OF 2DE 
6 The 2DE code is a two-dimensional, reactive hydrodynamic 

computer code which makes use of the equations of motion i n  

Eulerian form. 

most important for our application, the Forest Fire model 

(giving reaction r a t e  as a function of pressure) for shock 

It incorporates the  HOM equation of s t a t e  and, 

i n i t i a t ion  of high explosives. I n  our computations we used an 

elastic-plastic constitutive model t o  account for the behavior 

of steel. 

PROJECTILE IMPACT SHOCK INITIATION OF BARE COMPOSITION-B 

Geometry and Computational Considerations 

The axisymmetric geometry used i n  the bare charge 

projecti le impact computations is i l lustrated i n  Figure 1. We 

have considered cylindrical s teel  project i les  of u n i t  aspect 

r a t i o  (a/d) since Brown and Whitbread have demonstrated that 2 
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FIGURE 1 

Axisymmetric Geometry used in Projectile Impact Computations 
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d i f f e r e n t  a spec t  r a t i o s  do not produce d i f f e r e n t  c r i t i c a l  

v e l o c i t e s  f o r  shock i n i t i a t i o n ,  except i n  t h e  c a s e  o f  t h i n  d i s c s  

(&/d<1/4). 

o f  4 , .5 ,  8, 10, 12, 15 and 18 mm. 

provided when t h e  l eng th  and diameter o f  t h e  exp los ive  charge 

Computations were made f o r  p r o j e c t i l e  d i ame te r s ,  d ,  

S u f f i c i e n t  target m a t e r i a l  is 

are each t h r e e  times t h e  corresponding p r o j e c t i l e  dimensions. 

We set up these  impact problems f o r  2DE c a l c u l a t i o n  with 

axisymmetric g r i d s  a s  summarized in Table 1. Here Ar is t h e  

r a d i a l  cell  dimension, I t h e  number of cells  along t h e  r a d i a l  

axis ,  hz t h e  a x i a l  ce l l  dimension, J t h e  number o f  cells  along 

t h e  a x i s  of symmetry, A t  t h e  time s t e p  f o r  each computational 

c y c l e ,  and N t h e  t o t a l  number o f  c y c l e s  t o  be completed. 

TABLE 1 

Inpu t  Data f o r  2DE Computational Gr ids  - Bare Charges 

d Ar ,A2  I J A t  N 
(w) (mu) (VS) 

4 0.200 40 90 0.005 400 

5 0.250 40 70 0.006 400 

8 0.207 60 105 0.006 500 

10 0.340 60 105 0.010 500 

12 0.400 60 105 0.008 500 

15 0.500 60 105 0.010 500 
18 0.600 60 105 0.010 400 
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Results 

Flow Field Observations. 

o f  our numerical r e s u l t s  a r e  avai lable .  The sequence of events 

i n  p r o j e c t i l e  impact shock i n i t i a t i o n  is most c l e a r l y  

i l l u s t r a t e d  i n  the  series of mass f r ac t ion  contour p l o t s  of 

Figure 2. The mass f r ac t ion  va r i e s  from one t o  zero a s  chemical 

reac t ion  i n  the  explosive runs t o  completion. These p lo t s  show 

r e s u l t s  fo r  the  impact of a 10 am diameter p r o j e c t i l e  a t  1.1 

km/s, j u s t  above the cri t ical  veloci ty .  The post ion of t h e  

impact shock is a l so  showri. 

observed throughout the region between the shock and t h e  

p r o j e c t i l e ,  bu t  detonation has  not yet  begun. 

may be recognized by t h e  c lose  spacing of t he  contour lines, is 

first observed t o  break out  after the  shock has propagated some 

d is tance  from the impact point.  

outward along t h e  shock and is well es tab l i shed  by 1.5 11s. 

a l s o  propagates back toward t h e  p r o j e c t i l e  through t h e  p a r t i a l l y  

reacted mater ia l .  

Determination of C r i t i c a l  Impact Velocity and Comparison with 

Experimental Data. By varying impact ve loc i ty  i n  computations 

of t h i s  type we were able t o  determine the cr i t ical  ve loc i ty  a s  

a function of p r o j e c t i l e  diameter. I n  Figure 3 we have p lo t ted  

the  2DE r e s u l t s  together  w i t h  t he  experimental r e s u l t s  of Slade 

and Dewey’ as well as  the Jacobs-Roslund empir ical  formula . 
The agreement is exce l len t ,  with the  2DE go and no-go 

A number of graphical  representa t ions  

A t  1.0 ps a f t e r  impact, burning is 

Detonation, which 

The detonat ion then spreads 

It 
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predict ions a l l  bracketing the  empirical curve. 

included the  data for  ISL comp-B (65135) reported by Houlard a t  

t h e  l a s t  detonation sympo~iurn.~ 

be generally less sensitive than U.S. comp-B and pa r t i cu la r ly  

less sensitive uhen impacted by small p ro jec t i les !  

We have a l so  

T h i s  explosive is reported t o  

We observed a d i f f e ren t  mode of c r i t i c a l  shock i n i t i a t i o n  

a t  t h e  smaller diameters. When the p r o j e c t i l e  diameter is small 

and the impact veloci ty  is high detonation appears almost 

immediately on impact a s  shown i n  Figure 4 a t  0.3 Ps a f t e r  t h e  

impact of a 4 mm diameter p ro jec t i l e  a t  1.7 km/s. 

detonation continues t o  propagate and a considerable amount of 

explosive has been consumed by 1.2 Us. On the  other  hand, when 

the impact veloci ty  is reduced t o  1.6 b/s ,  the  detonation t h a t  

breaks out immediately does not continue t o  propagate but  is 

quenched by the  act ion of folloGing ra refac t ions  a s  shown i n  

Figure 5 .  Thus, the  mass f rac t ion  contour lines begin t o  spread 

out  by 0.7 US. L i t t l e  or  no progress is made between 1.0 US and 

1.5 ps a s  the detonation dies  out leaving a bubble of detonation 

products in its wake. It should be noted t h a t  thede detonat ions 

a r e  not overdriven a s  were those computed by Hader and Pimbley 

fo r  shaped charge jet impact. An overdriven detonation i n  

comp-B produced by the  impact of a steel p ro jec t i l e  would 

require  an impact ve loc i ty  exceeding approximately 2.8 km/s. 

In  t h i s  case 
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FIGURE 2 

Sequence of Mass Fraction Contour Plots fox the Supercritical Impact 
of a 10 mm Diameter Steel Projectile at 1.1 km/s against Bare 

Composition-B 
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GO 0 
2DE{ NO GO 0 0 

' JACOBS ROSLUND FORMULA - 0 
SlAOE A N D  DEWEY 0 

- MOUlARD ( I S  165135 COMP-B) 0 

FIGURE 3 

Critical Impact Velocity as a Function of Projectile Diameter - 
Comparison of 2DE Predictions with Published Experimental 

Data for Bare Composition-B 
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Actua l ly ,  f u l l  CJ p re s su re  i s  never achieved i n  t h e s e  

d e t o n a t i o n s .  

f r a c t i o n  prof i les  a long  the  ax is  o f  symmetry a t  v a r i o u s  times 

for the  4 mm p r o j e c t i l e  impact a t  1.6 km/s. 

f r a c t i o n  d rops  r a p i d l y  t o  ze ro  t h e  p r e s s u r e  never rises above 

about  23 GPa. 

F igu re  6 shows a series of p r e s s u r e  and mass 

While the mass 

I n  order t o  a s s e s s  t he  r e l a t i o n s h i p  between t h e  2DE 

L p r e d i c t i o n s  of c r i t i c a l  v e l o c i t y  and the  c r i t i ca l  p . t  concept ,  

we made a series of computa t ions  i n  which the F o r e s t  F i r e  model 

was d e a c t i v a t e d  and t h e  exp los ive  treated a s  an i n e r t  material. 

By obse rv ing  the  p res su re  h i s t o r y  of t h e  t a r g e t  e x p l o s i v e  

a d j a c e n t  t o  the impact p o i n t  we were able t o  c a l c u l a t e f i d t .  

Computations cor responding  t o  ou r  highest s u b c r i t i c a l  impact 

v e l o c i t i e s  for p r o j e c t i l e  diameters rang ing  from 5 mm to 18 mm 

were made. The r e s u l t s ,  summarized i n  Tab le  2, show t h a t ,  while 

peak shock p r e s s u r e  decreases with d e c r e a s i n g  impact v e l o c i t y ,  

/ p 2 d t  remains f a i r l y  c o n s t a n t  a long  the  i n i t i a t i o n  threshold.  

Thus, the cr i t ical  p t concept  appea r s  c o n s i s t e n t  with F o r e s t  

F i r e .  

2 
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FIGURE 4 

Sequence of  Mass Fraction Contour Plots for the Supercritical Impact 
of a 4 nun Diameter Steel Projectile at  1 . 7  km/s against Bare 
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TABLE 2. Response o f  " I n e r t "  Composition-B t o  Crit ical  

Projectile Impact 

Projecti le Impact Peak Shock 

Diameter Ve loc i ty  P r e s s u r e  R d t  
(m) (km/S) (GPal fCPa - us) 

5 1.4 9.6 32 
8 1.1 7 .O 32 
10 1.0 6.0 31 
12 0.9 5.3 28 
15 0.8 4.5 28 
18 0.7 3.8 25 

Shock t o  Detonat ion  T r a n s i t i o n  Pa ths .  The F o r e s t  F i r e  Model is 

based i n  p a r t  on t h e  s i n g l e  cu rve  bu i ldup  hypo thes i s .  Thus, t h e  

Pop-plot is i n t e r p r e t e d  as d e s c r i b i n g  t h e  p r o c e s s  of bu i ldup  t o  

d e t o n a t i o n  i n  t h e  shock p r e s s u r e  - d i s t a n c e  t o  d e t o n a t i o n  plane. 

T h i s  is true a t  l ea s t  f o r  t h e  p l a n a r  geomet r i e s  i n  which s i n g l e  

cu rve  bu i ldup  h a s  been observed. I n  an earlier numer ica l  s t u d y  

us ing  2DE, we had occas ion  t o  c o n s i d e r  t h e  p l a n a r  problem 

a r i s i n g  when a f l y e r  p l a t e  of s u f f i c i e n t  l a t e r a l  extent s t r i k e s  

8 a comp-B t a r g e t  . Once t h e  d i s t a n c e  a long  t h e  ax i s  of symmetry 

a t  which s t e a d y  s ta te  d e t o n a t i o n  f irst  appea r s  h a s  been 

de termined ,  t h e  p r o g r e s s  of shock bu i ldup  toward d e t o n a t i o n  as a 

f u n c t i o n  of d i s t a n c e  o f  run  t o  d e t o n a t i o n  can be  compared t o  t h e  
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Pop-plot. 

f l y e r  p l a t e s  s t r i k i n g  comp-B t a r g e t s  a t  0.6 and 0.7 km/s i n  

F igu re  7. 

cu rve  bui ldup  phenomenon i n  t he  p l a n a r  geometry. The projecti le 

impact d a t a ,  however, does n o t  appear t o  produce a s i n g l e  cu rve  

bu i ldup  a long  the a x i s  of symmetry as i l l u s t r a t e d  i n  F i g u r e  8. 

Special Geometries. 

Moulard p re sen ted  some i n t e r e s t i n g  expe r imen ta l  r e s u l t s  i n  which 

ISL comp-B was impacted by p r o j e c t i l e s  of c i r c u l a r ,  annu la r  and 

r e c t a n g u l a r  c ross -sec t ion  .7 

designed t o  y i e l d  t he  same o v e r a l l  shock d u r a t i o n ,  he observed 

c o n s i d e r a b l e  d i f f e r e n c e s  i n  t he  c r i t i ca l  v e l o c i t i e s  produced by 

each. 

r e q u i r e d  the h i g h e s t  c r i t i ca l  v e l o c i t y  ( abou t  2 km/s), the  

annular  p r o j e c t i l e  r equ i r ed  the  lowes t  c r i t i c a l  v e l o c i t y  (less 

than  1 km/s), and the r e c t a n g u l a r  c ros s - sec t ion  produced an 

in t e rmed ia t e  c r i t i ca l  v e l o c i t y .  He sought  t o  e x p l a i n  t h i s  by 

i n t r o d u c i n g  a c r i t i c a l  a r e a  concept .  We were i n t e r e s t e d  i n  

de te rmining  whether t h e  c l a s s i c a l  shock i n i t i a t i o n  concep t s  

i nco rpora t ed  i n  2DE could e x p l a i n  these o b s e r v a t i o n s  wi thout  

r ecour se  to  a d d i t i o n a l  concepts ,  The c i r c u l a r  and annu la r  

c r o s s - s e c t i o n s  could  be r e p r e s e n t e d  e x a c t l y .  Indeed ,  the  

c i r c u l a r  c ros s - sec t ion  computation had a l r e a d y  been completed. 

The impact of a r e c t a n g u l a r  c r o s s - s e c t i o n  p r o j e c t i l e  is, 

s t r i c t l y ,  a three d imens iona l  problem, b u t  we r e p r e s e n t e d  it by 

T h i s  has  been done for the problems of 10 mm t h i c k  

The r e s u l t s  i n d i c a t e  t h a t  2DE reproduces  t h e  s i n g l e  

A t  t h e  Seventh Symposium on Detonat ion ,  

Although the  projecti les were 

S p e c i f i c a l l y  he found t h a t  the  c y l i n d r i c a l  p r o j e c t i l e  
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FIGURE 7 

Comparison of Computed Paths t o  Detonation with Pop-plot - Flyer Plate 

Impact against Bare Composition-B 
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the  impact of a s lab  of i n f i n i t e  breadth having the  thickness of 

the smallest  dimension ( 5  mm) of the  p r o j e c t i l e  used i n  the 

experiments. The experimentally and numerically determined 

c r i t i c a l  ve loc i t i e s  a re  l i s t e d  in  Table 3. The results show 

t h a t  the  c l a s s i c a l  concepts on which the  Forest  F i r e  Model is 

b u i l t  a re  su f f i c i en t  for  a qua l i t a t ive  explanation of the  

Moulard observations. The pr inc ipa l  reason fo r  t he  absence of 

quant i ta t ive  agreement is t he  d i f f e ren t  formulation of ISL 

comp-B and its reported lower sens t iv i ty  t o  small diameter 

p ro jec t i l e  impact. 

TABLE 3. Comparison of Moulard Experiments with 2DE Simulation. 

C r i t i c a l  Velocity (km/s) 

Pro jec t i l e  

Cross-sect ion Moulard Experiments 2DE Predict ions 

(65135 comp-8) (60/40 comp-B) 

5mm @ 1.95 - 2.02 1.40 - 1.50 

5 mm i.d. 
15 mm 0.d. 

5 m m x 1 1 m  

1.06 - 1.11 

1.33 - 1.42 

0.80 - 0.90 

1.10 - 1.15 
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Some of t h e  reasons for  the var ia t ions  i n  c r i t i c a l  veloci ty  

wi th  p ro j ec t i l e  cross-section become apparent when we observe 

t h e  flow f i e l d s  produced. Figure 9 shows a series of mass 

f ract ion contour p lo t s  for  t h e  impact of t h e  annular pro jec t i le .  

The re l a t ive ly  low impact veloci ty  produces no immediate 

reaction adjacent t o  t h e  Impact point. However, a t  a l a t e r  

time, shock re f lec t ion  (probably Mach stem formation) a t  the 

ax i s  of symmetry produces higher pressures than the  c i r cu la r  

cross-section p ro jec t i l e  impact a t  t h e  same velocity.  Thus, t h e  

detonation is observed t o  break out along the  ax i s  of symmetry 

a t  lower impact veloci tes .  O f  perhaps grea te r  interest, then, 

is t h e  difference between t h e  c i r cu la r  and rectangular 

cross-section r e su l t s .  

r a t e  a t  which t h e  rarefact ion quenches the  inc ip ien t  detonation. 

The only major difference here is the 

Remember t h a t  i n  the small diameter case we observed immediate 

detonation which was then quenched by the  act ion of t he  

following rarefact ion.  The r e s u l t s  for  t he  rectangular 

cross-section a r e  shown in  Figures 10 and 11. 

mass f rac t ion  contours for  a supe rc r i t i ca l  impact a t  1.25 km/s. 

Detonation a r i s e s  a s  a r e s u l t  of shock t o  detonation t rans i t ion .  

Figure 10 shows 

In the subcritical impact a t  1.10 km/s i n  Figure 11,  no 

detonation occurs. It remains t o  be determined whether t h i s  

s t rong effect on c r i t i c a l  veloci ty  is manifested with 

p r o j e c t i l e s  of l a rge r  dimensions for  which simple shock t o  
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FIGURE 9 

Sequence of  Mass Fraction Contour Plots  f o r  the Supercritical 

Impact of an Annular Cross-Section Stee l  Project i le  a t  0 .9  km/s 
against Bare Composition-B 
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FIGURE 10 

(CONT ' D) 
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FIGURE 11 

Sequence of Mass Fraction Contour Plots for the Subcritical 
Impact of a llRectangularll Cross-Section Steel Projectile at 

1.1 km/s against Bare Composition-B 
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detonation transition occurs for the cylindrical projectile 

also. 

PROJECTILE IMPACT SHOCK INITIATION OF COVERED COMPOSITION-B 

Geometry and Computational Considerations 

We have also addressed the related problem of projectile 

impact of ccvered comp-B by introducing a steel plate of 

thickness, h, between the projectile and the explosive. 

Projectile diameters of 6, 8, and 10 mm and cover plates of 118, 

114, 112, and 3/4 as thick as the diameter in each case were 

considered. 

for the bare charge problem. 

grids are described in Table 4. 

Other geometrical considerations are as described 

The axisymmetric computational 
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TABLE 4. Data for 2DE Computational Grids  - Covered Charges 

d h/d A r  ,Az I J t N 

(mm) hull) (US) 

6 

6 

6 

6 

8 

8 

8 

8 

10 

10 

10 

118 

1/4  

1/2 

314 

118 

1 / 4  

1/2 

314 

118 

1 / 4  

1/2 

0.15 

0.15 

0.15 

0.15 

0.20 

0.20 

0.20 

0.20 

0.25 

0.34 

0.20 

45 

45 

45 

45 

45 

45 

45 

45 

45 

55 

55 

100 

100 

100 

100 

100 

100 

110 

120 

100 

125 

140 

0.004 

0.004 

0.004 

0.004 

0.005 

0.005 

0.005 

0.005 

0.005 

0.008 

0.005 

400 

600 

650 

700 

450 

600 

800 

800 

500 

700 

750 

10 314 0.20 55 140 0.005 aoo 
Results 

Flow Field Observations. 

fraction contour plot sequence of Figure 12. 

1.75 km/s impact of an 8 m diameter project i le  against a c o m p B  

Typical resul ts  are  shown i n  the mass 

T h i s  is for the 

target  protected by a 4 mm thick cover plate. 

flow f i e l d s  were quite similar t o  those observed i d  the bare 

charge cases. Only the case of the 6 m diameter project i le  

I n  general, the 

wi th  the 1.5 mm thtck cover plate showed t h e  small diameter 

e f f ec t  observed i n  the bare charge problems. 

observed a quick shock t o  detonation transit ion followed by 

In t h i s  case we 
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FIGURE 12 

Sequence of Mass Fraction Contour Plots for the Supercritical 
Impact of an 8 mm Diameter Steel Projectile at  1 .75  km/s against 

a Composition-B Target Protected by a 4 mm Thick Steel Cover Plate 
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quenching. T h i s  is shown i n  F igu re  13. However, we d i d  n o t  

cons ide r  q u i t e  as  sma l l  p r o j e c t i l e s  i n  t h e  covered cha rge  

problem. With t h e  t h i c k e s t  cover  p l a t e  (h/d=3/4) t h e  

r a r e f a c t i o n  was observed t o  ove r t ake  t h e  shock comple t e ly  wi th in  

t h e  cover  p l a t e  b e f o r e  p ropaga t ing  i n t o  t h e  e x p l o s i v e .  I n  t h e s e  

c a s e s ,  d e t o n a t i o n ,  when produced, deve lops  a t  a decaying  shock 

wave and t h e  c r i t i c a l  v e l o c i t y  is h ighe r  t h a n  might be  

a n t i c i p a t e d .  

Determina t ion  o f  C r i t i c a l  Impact Ve loc i ty  and Comparison wi th  

Experimental  Data. 

exper imenta l  d a t a  f o r  comparison is a v a i l a b l e .  T h i s  i n c l u d e s  

A l i m i t e d  q u a n t i t y  o f  covered comp-B 

t h e  e a r l y  r e s u l t s  o f  S l a d e  and Dewey as well a s  some more recent 

r e s u l t s  ob ta ined  by Howe’ f o r  p r o j e c t i l e  a t t a c k  a g a i n s t  105 mm 

ammunition. The Jacobs-Roslund formula f o r  covered e x p l o s i v e  

sugges t s  t h a t  t h e  product  o f  c r i t i c a l  v e l o c i t y  and squa re  root 

of p r o j e c t i l e  d iameter  depends on ly  on t h e  h/d ra t io .  

F igu re  1 4  w e  have p l o t t e d  ou r  2DE r e s u l t s  t o g e t h e r  w i th  t h e  

aforementioned exper imenta l  d a t a  i n  t h e  V*d’/*-h/d p lane .  

Thus, i n  

The 

2DE p r e d i c t i o n s  appear  independent  o f  p r o j e c t i l e  d i ame te r  b u t  do 

no t  produce a s t r a i g h t  l i n e  i n  t h i s  p lane .  They a g r e e  q u i t e  

c l o s e l y  wi th  t h e  Howe r e s u l t s  a t  t h e  two sma l l e r  h/d r a t i o s  and 

n o t  a s  well wi th  t h e  S l a d e  and Dewey experiments.  

c u r i o u s  result s i n c e  t h e  S l a d e  and Dewey exper iments ,  w i th  

r e l a t i v e l y  t h i n  cover p l a t e s ,  almost c e r t a i n l y  produce shock 

T h i s  is a 

i n i t i a t i o n  and Howe h a s  i n t e r p r e t e d  h i s  observed i n i t i a t i o n s  
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wi th  t h i c k e r  s h e l l  c a s i n g s  a s  due t o  a shea r  mechanism. The 

ma t t e r  is f u r t h e r  complicated by t h e  f a c t  t h a t  t h e  2DE 

computa t ions  do ag ree  wi th  t h e  S lade  and Dewey b a r e  charge  

r e s u l t s .  

Hove results for 0.2<h/d<O.6. 

A s t r a i g h t  l i n e  has  been f i t t e d  through t h e  2DE and 

Both t h e  exper imenta l  and 

t h e o r e t i c a l  results l i e  above t h e  s t r a i g h t  l i ne  f o r  h/d>0.6 and 

do n o t  a g r e e  c l o s e l y  wi th  one another .  

I f  t h e  2DE r e s u l t s  f o r  covered cha rges  a r e  correct, then  

t h e  S lade  and Dewey r e s u l t s  become suspec t  and Howe's 

exper imenta l  i n i t i a t i o n s  must be  due t o  shock. The d i f f e r e n c e  

observed a t  t h e  l a r g e r  h/d v a l u e s  would then  i n d i c a t e  lower 

computa t iona l  accuracy ,  p o s s i b l y  due t o  t h e  inadequacy of t h e  

F o r e s t  F i r e  model when t h e  r a r e f a c t i o n  immediately follows t h e  

i n i t i a t i n u  shock. It appea r s  more l i k e l y ,  however, t h a t  t h e  

S lade  and Dewey d a t a  are correct. 

i n  error and Howe's i n i t i a t i o n s  may p rope r ly  b e  a t t r i b u t e d  t o  a 

mechanism other than  shock. 

Then, t h e  2DE results must be  

SUMMARY 

Our computa t iona l  s tudy  o f  pro jecti le impact shock 

i n i t i a t i o n  of composition-B revea led  d e t a i l s  o f  t h e  flow f i e l d s  

produced and provided p r e d i c t i o n s  o f  c r i t i c a l  impact v e l o c i t i e s  

f o r  bo th  b a r e  and covered exp los ive  t a r g e t s .  

For b a r e  cha rges ,  we observed two d i f f e r e n t  mechanisms by 

which the c r i t i ca l  v e l o c i t y  is determined. For impacts  by 

p r o j e c t i l e s  of s u f f i c i e n t l y  l a r g e  d iameter  I n i t i a t i o n  occurs as  
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FIGURE 13 

Sequence of Mass Fract ion Contour P lo t s  for  the  Subcr i t ica l  
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the  impact induced shock wave b u i l d s  t o  de tona t ion  by 

re inforcement  due t o  burn ing  behind the shock. 

d i ame te r ,  h igh  v e l o c i t y  p r o j e c t i l e s ,  we saw t h a t  d e t o n a t i o n  or 

near  de tona t ion  b reaks  o u t  immediately on impact ,  b u t  may be 

'For s m a l l e r  

quenched by the ensuing  r a r e f a c t i o n s .  We found t h a t  2DE 

p r e d i c t e d  t h e  c r i t i c a l  v e l o c i t y  a c c u r a t e l y ,  We a l s o  checked 

P d t  v a l u e s  a long  t h e  i n i t i a t i o n  th re sho ld  and found them t o  

be  r e l a t i v e l y  c o n s t a n t .  We compared the shock t o  d e t o n a t i o n  

t r a n s i t i o n  pa ths  t o  t h e  Pop-plot f o r  compB and found them t o  

ag ree  i n  t h e  case of a p l a n a r  shock bu i ldup  b u t  n o t  i n  t he  case 

Of p r o j e c t i l e  impact,  for which m u l t i p l e  pa ths  t o  d e t o n a t i o n  

were observed. We also s imula t ed  t h e  s p e c i a l  p r o j e c t i l e  

geometr ies  cons idered  by Houlard,  and found t h a t  2DE provided  a 

q u a l i t a t i v e  exp lana t ion  of h i s  obse rva t ions .  

I n  t h e  case of covered p r o j e c t i l e s  we found flow f i e l d s  

similar t o  t h e  b a r e  cha rge  case .  The t h i c k e s t  cover  p l a t e s  

allowed t h e  r a r e f a c t i o n  t o  o v e r t a k e  the  shock b e f o r e  t h e y  

e n t e r e d  t h e  exp los ive  and s i g n i f i c a n t l y  r a i s e d  the  c r i t i ca l  

v e l o c i t y .  The p red ic t ed  i n i t i a t i o n  t h r e s h o l d s  ag ree  wi th  Howe's 

r e s u l t s  b u t  n o t  with S lade  and Dewey's. 
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