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Abstract  detonat ion i n  t h e  f i n e  grained dus t .  

A comhined experimental  and t h e o r e t i c a l  s tudy 
was conducted t o  determine t h e  d e t o n a b i l i t y  char- 
a c t e r i s t i c s  o f  high cxplosivc 11111 dus t  d i s -  
persed i n  a i r .  Towards t h i s  end, a s p e c i a l  "shock 
tube" was constructed i n  which t h e  dus t  was t r a n s -  
ported through t h e  tube by a gas flow. Detonation 
o f  high p res su re  gases i n  t h e  d r i v e r  served t o  
t r ansmi t  a s t rong  b l a s t  wave i n t o  t h e  d u s t  mixture.  
The r e s u l t a n t  wave was monitored by p res su re  
switches,  jrcssure t r ansduce r s ,  a pho toce l l ,  and 
s t r e a k  photography. 
c i l i t y  detonat ion was r e a l i z e d  f o r  dus t  w i t h  t h e  
l a r g e r  o f  t h e  p a r t i c l e s  (37 u) t e s t e d  i n  OlygCn 
enriched a i r  (12% 02 + 88% a i r  by volume) and with 
ammonium pc rch lo ra t e  added t o  t h e  dust  mixture as 
add i t iona l  o x i d i z e r  (173 AP + 83% IRDX by mass) i n  
a i r .  However, under the same condi t ions,  t h e  f i -  
ne r  dus t  w i t h  t h e  sma l l e r  p a r t i c l e s  ( 2  u )  could 
not be detonated.  

Within t h e  limits of t h e  f a -  

A t l i eo re t i ca l  model was developed t o  exp la in  
t h e  e f f e c t  o f  p a r t i c l e  s i z e  on t h e  d e t o n a b i l i t y  of 
dus t  o s i d i r e r  mixtures.  In t h i s  model an unsteady 
p a r t i c l e  heat  t r a n s f e r  equation with ,an Arrhenius 
type of r e a c t i v e  source term was coupled w i t h  t h e  
flow conservat ion equat ions.  The thermal e f f e c t  
due t o  t h e  presence of  p a r t i c l e s  on t h e  flow p r i o r  
t o  i g n i t i o n  were ca l cu la t ed  f o r  var ious p a r t i c l e  
s i z e s  and loading r a t i o s .  
large concentrat ion of very f i n e  dus t  mixed with 
t h e  gaseous o x i d i z e r  would cool down t h e  gas bc- 
hind t h e  inc iden t  shock wave s u f f i c i e n t l y  t o  d e t e r  
t h e  i g n i t i o n  of t h e  p a r t i c l e s .  This  provides an 
explanat ion f o r  why t h e  f i n e r  dust  f a i l e d  t o  
detonate .  

I t  was shown t h a t  a 

Introduct ion 

S a f e t y  cons ide ra t ions  make it important t o  es- 
t a b l i s h  t h e  d e t o n a h i l i t y  c h a r a c t e r i s t i c s  of m i x -  
t u r e s  o f  d u s t  with a i r  or a i r  enriched w i t h  oxygen. 
RDX dus t  i s  of p a r t i c u l a r  i n t e r e s t  because it is a 
commonly used explosive,  and because a s  an explo- 
s i v e ,  i t  con ta ins  i t s  o m  ox id ize r .  For t h i s  rea- 
son, detonat ions were induced i n  RDX d u s t - a i r -  
oxygen mixtures using a horizontal  shock tube w i t h  
an explosive d r i v e r .  RDX d u s t s  with 2 um diameter 
p a r t i c l e s  and w i t h  37  urn p a r t i c l e s  were i n v e s t i -  
ga t ed .  Nei ther  o f  t h e s e  d u s t s  would de tona te  i n  
a i r ,  but detonat ions i n  t h e  coarse dus t  were ob- 
served i n  a 12% oxygen/88% a i r  mixture. Remark- 
ab ly ,  and con t r a ry  t o  i n t u i t i o n ,  i t  was impossible 
t o  detonate  t h e  f i n e  dus t  i n  t h i s  mixture. Theo- 
r e t i c a l  m a l y s i s  shows t h a t  t h i s  hchavior is a con- 
scquencc of  t h e  i n t e r a c t i o n  between t h e  d u s t  par-  
t i c l e s  and t h e  gas i n  t h e  two phase flow within 
t h e  induct ion zone. 
. ,  

'The expcrimcntal  apparatus  i s  f i r s t  descr ibed 
below followed hy a p resen ta t ion  of experimental 
r e s u l t s .  The a n a l y s i s  o f  t h e  two phase flaw with- 
i n  t h e  induct ion zone is then descr ibed and t h e  
r e s u l t s  of t h c  a n a l y s i s  are used t o  show how t h e  
i n t e r a c t i o n  between t h e  dus t  p a r t i c l e s  and t h e  gas 
flow providcs  an explanat ion f o r  t h e  f a i l u r e  o f  
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Exilcrimental Arrangement 

Experiments were conducted i n  a ho r i zon ta l  shock 
t ube  (shown i n  F ig .  la) with a 7 . 3  cm diameter  d r i -  
ver sec t ion  37 cm long and a 3 . 8  c m  x 6 . 4  cm rec- 
t angu la r  dr iven s e c t i o n  7 m long. 
t r a n s i t i o n  s e c t i o n  was used t o  connect t h e  c i r c u l a r  
d r i v e r  t o  t h e  r ec t angu la r  d r iven  s e c t i o n .  A f eede r  
t o  introduce t h e  dust  was mounted on t o p  o f  t h e  
t r a n s i t i o n  s e c t i o n .  The d u s t  f eede r  (shownin Figs.  
l b  and IC) cons i s t ed  of a p i s ton  i n  a p l a s t i c  car- 
t r i d g e ,  a p u l l i n g  motor, and seve ra l  a i r  feeding 
j e t s .  During operat ion,  t h e  motor pu l l ed  t h e  p i s -  
ton which i n  t u r n  pushed a predetermined q u a n t i t y  
o f  RDX d u s t  loaded i n  t h e  c a r t r i d g e  i n t o  t h e  path 
o f  t h e  a i r  j e t s  which blew t h e  dus t  i n t o  t h e  shock 
tube.  Tlre d u s t  en te r ing  t h e  shock tube was then 
conveyed through t h e  tube  by gaseous o x i d i z e r  from 
two j e t s  mounted on both s i d e s  o f  t h e  t r a n s i t i o n  
sec t ion .  The d u s t  concentrat ion i n  t h e  flow nix- 
t u r e  was determined by t h e  mass feeding rate o f  
d u s t  (gm/sec) and t h e  volumetric flow r a t e  o f  t h e  
conveying gas (m3/5ec). 
Ile mixture i n  t h e  d r i v e r  served as t h e  i n i t i a t o r  
and caused a shock wave t o  be t r ansmi t t ed  i n t o  t h e  
d u s t  cloud i n  the d r i v e r  s e c t i o n .  The shack wave 
v e l o c i t y  was measured by sis p res su re  switches.  
and t h e  pressure by a four  K i s t l e r  603A pres su re  
t r ansduce r s .  A photocel l  was located a t  t h e  same 
p o s i t i o n  as No. 3 pressure t ransducer  t o  measure 
t h e  i g n i t i o n  delay.  
a c t i o n  were observed using s t r e a k  Sch l i e ren  photo- 
graphy a t  t h e  window s e c t i o n  o f  t h e  shock tube.  

Experimental Resul ts  

A 30  cm long 

netanat ion o f  a 2112 + 02 + 

The shock wave and flow inter-  

RDX d u s t s  with average p a r t i c l e  diameters  of 
2u and 3711 were t e s t e d  i n  a i r ,  oxygen enriched a i r  
and n i t rogen .  Photomicrographs of t h e  two d u s t s  
are shown i n  Pig.  2. The 2" dust is very f i n e  and 
tends t o  agglomerate as i nd ica t ed  i n  t h e  photomic- 
rograph. Therefore  it 118s mixed with a small 
amount (2%) of i n e r t  amorphous fumed s i l i c a  (Si0 ) 
dus t  t o  improve t h e  d i spe r s ion  c h a r a c t e r i s t i c s  o f  
t h e  d u s t  along t h e  tube.  Streak photographs of t h e  
induct ion zone indicated t h a t  t h i s  technique suc- 
c e s s f u l l y  e l iminated t h e  agglomeration o f  t h e  f i n e  
2" d u s t .  The chemical and physical  p r o p e r t i e s  o f  
RDX are presented i n  Table I 1  below. Addit ional  
experiments were a l s o  made using ammonium perch- 
l o r a t e  (AP) dus t  mixed with RDX as a supplementary 
s o l i d  ox id i ze r .  

The v e l o c i t y  v a r i a t i o u s  of t h c  shock W O W  t r a n s -  
mit ted from t h e  d r i v e r  and t h e  c h a r a c t e r  o f  t h e  
pressure and photocel l  t r a c e s  behind t h e  shock were 
used t o  d i s t i n g u i s h  detonat ing from nondetonating 
mixtures.  The Wave ve loc i ty  d id  not a t t e n u a t e  i n .  
t h e  case of  dctonat ion and t h e r e  was a l a rge  pres- 
sure r i s e  followed by a decaying region behind t h e  
wave. The i g n i t i o n  delay,  as determined from t h e  
photocel l  and p rcs su re  t r a c e s ,  was r e l a t i v e l y  sho r t .  
I n  t h e  nondetonating w s e ,  t h e r e  was s i g n i f i c a n t  
shack decay, a r e l a t i v e l y  low p res su re  r i s e  and a 
long i g n i t i o n  de lay  per iod.  The p res su re  and 



'rdble I 

Detonation Resul ts  f o r  RDX Dust (37") 

Maximum Dctonation w 
Loading Equivalence Ib tona t ion  Pressure Dust 

Ra t io  Katio Mach No. (atm) Mixture Concentration 
(gmh3) 

0.86 5 . 1  32 

R I W A P  (83/17) i n  a i r  1340 1 . 0 3  0.84 4.9 32 

R i l l  i n  air/02 (88117) 1300 0.99 

R I W A P  (83/17) i n  a i r  1 i nn  1.15 0.88 5.0 34 ~- 

plmtoccl l  t r a c e 5  slmwn i n  Figs.  3a and 3b  i l l u s -  
t r a t e  t h e s e  d i f f e r e n c e s .  

Within t h e  limits o f  t h e  f a c i l i t y ,  t h e  experi-  
mental r e s u l t s  showed t h a t  KDX dus t  i n  a i r  would 
not detonate .  iloivever, detonat ion was r e a l i z e d  
w i t h  t h e  coa r se r  dus t  i n  oxygen enriched a i r  (12% 
oxygen + 88% a i r ) ,  and a l s o  i n  an AP-RVX dus t  mix- 
t u r e  (17% AP/83% RUX) i n  a i r .  The equivalence 
r a t i o s  used 
loading r a t i o ,  i .e .  t h e  r a t i o  o f  f u e l  t o  a i r  mass 
were approximately one. The r e s u l t s  f o r  de tona t -  
ing runs are l i s t e d  i n  Table I .  

s l i g h t l y  l e s s  than one and t h e  

Ilnwever, under t h e  Same ope ra t ing  cond i t ions  
t h e  f i n e r  d u s t  w i th  t h e  Z P  p a r t i c l e s  d i d  no t  det- 
onate.  The measured i g n i t i o n  delay  shown i n  F i g .  
3c f o r  t h e  nondetonating f ine  dus t  was about s i n  
t imes t h a t  o f  t h e  de tona t ing  coarse dus t  shown i n  
Fig.  3n, even though t h e  combustion t ime of t h e  
f i n e  d u s t  i s  about one-quarter  t h a t  o f  coarse dust .  

I ~ E B C  r e s u l t s  are con t ra ry  t o  i n t u i t i o n ,  which 
would suggest t h a t  t h e  f i n e r  dus t  would be more 
detonable .  As shown i n  t h e  ana lys i s  below, r ap id  
absorpt ion o f  hea t  by t h e  f i n e r  dus t  can reduce 
t h e  temperature and thereby g r e a t l y  inc rease  the 
i g n i t i o n  delay.  This e f f e c t  proirides n p o s s i b l e  
explanat ion f o r  t h e  i n a b i l i t y  t o  detonate  t h e  f i n e  
dirst. 

Theore t i ca l  Analysis 

A t h e o r e t i c a l  model was developed t o  deal  with 
t h e  i n t e r a c t i o n  between t h e  p a r t i c l e s  and t h e  gas 
i n  t h c  two phase flow behind t h e  shock wave. 
flow is  shown schematical ly  i n  Fig. 4 i n  coordi-  
na t e s  which a r e  f ixed  t o  t h e  shock so t h a t  t h e  
shock Ixcornes s t a t i o n a r y  h h i l e  t h e  wal l  moves with 
t h e  undisturbed v e l o c i t y  u,,. 
t h e  shock t h e  v e l o c i t y  of t h e  dus t  p a r t i c l e s  r e l a -  
t i v e  t o  t h c  gas,  i . e . ,  up - u, may be supersonic .  
Thus bow shocks may s t a n d  ahead o f  t h e  p a r t i c l e s  
i n i t i a l l y  as shown i n  t h e  schematic sketch i n  f'ig. 
4. 

'This 

Immediately behind 

l h e  oquat ions f o r  t h e  conservation o f  mass, mo- 
mentum, and energy a re :  

A l l  svmholr are defined i n  t h e  noeenclatore .  I h e s e  

1 equat ions a r e  discusscd i n  d e t a i l  by Rudinger , 
but  have been supplemented by t h e  add i t ion  o f  wa l l  
l o s s e s  and t h e  hea t  of combustion o f  t h e  f u e l  pa r -  
t i c l e s .  The momentum l o s s  WL, wall hea t  t r a n s f e r  
Qw, and viscous d i s s i p a t i o n  Qs are evaluated from 
t h e  expression given by Ragland, e t  a l . Z  

2 

w i- I rwdx : - C - 4 x  4 x  P @Jo-U) 

Oh f z Dh o 

2 C 4 x  
Q, * - I T u dx 4"(~)puo(uo.u)  

Dh w o  
0 

where t h e  mean f r i c t i o n  c o e f f i c i e n t  Cf f o r  t h c  flow 
is taken as2 

w 
Cf = 0.074 (Re)-"' = 0 . 0 7 4 [ p ~ ] - " 5  U 

The r a d i a t i o n  has been approximated by assuming 
t h a t  t h e  p a r t i c l e s  r a d i a t e  t o  t h e  wall as a grey 
body so t h a t  

The r a d i a t i v e  l o s s  was found t o  be n e g l i g i b l e  even 
when t h e  emis s iv i ty  E( is  t a k e n  as un i ty .  This  re- 
s u l t  i s  probably a consequence o f  t h e  d m r t  t ime 
a v a i l a b l e  f o r  r a d i a t i o h  i n  t h e  induc t ion  zone. 

As w r i t t e n  above, t hese  equat ions t r e a t  t h e  gas- 
p a r t i c l c  mixturc a s  a s i n g l e  f l u i d .  'The i n t c r a c -  
t i a n  between t h e  p a r t i c l e s  and t h e  gas is i n t r o -  
duced through t h e  t r a j e c t o r y  equation: 

which is needed t o  determine t h e  p a r t i c l e  v e l o c i t y  
and accounts f o r  t h e  exchange of momentum hetween 
t h e  gas and t h e  p a r t i c l e s .  The thermal i n t e r a c t i o n  
between t h e  gas and t h e  p a r t i c l e s ,  which i s  c r u c i a l  
i n  t h e  a n a l y s i s  o f  t h e  induc t ion  zone, i s  d e t e r -  
mined by t h e  heat t r a n s f e r  between t h e  gas and t h e  
p a r t i c l e s .  To s impl i fy  t h e  thermal ana lys i s ,  it 
has been assumed that t h e  p a r t i c l e s  a r e  sphe r i ca l  
and t h a t  t h e  temperature  d i s t r i b u t i o n  within t h e  
p a r t i c l e s  i s  s p h e r i c a l l y  symmetric. I t  has f u r t h e r  

I f  Tf!t) is t h e  recovery temperature based on t h e  
v e l o c i t y  of t h e  gas r e l a t i v e  t o  the p a r t i c l e .  and 

been assumed t h a t  t h e  d u s t  c loud is monodisperse. kd 

2 



if T(R,t)  i s  t h e  tempcrature a t  t h e  p a r t i c l e  
su r face ,  then t h e  rate o f  ciiange of t h e  enthalpy 
Hp o f  each p a r t i c l e  w i l l  be given by 

dH 
-2 d t  = 4nR2h(t)[Tf( t )  - T(R,t)l  (5)  

where t h e  p a r t i c l e  enthalpy Ilp can be expressed by 

I1 = i 4 n r  C T ( r ) d r  

and t h e  average s p e c i f i c  enthalpy of t h e  p a r t i c l e ,  
6 is  given by 

R 2  
P 0 

p' H 

p 5  3 

h = 9  

where mp = 4/SnR p p  i s  t h e  mass of each p a r t i c l e .  
The f i l m  conductance h ( t1  depends on t h e  v e l o c i t y  
o f  t h e  gas r e l a t i v e  t o  t h e  p a r t i c l e s .  In general .  
i t  also is necessary t o  introduce a r e a c t i o n  r a t e  
equat ion t o  account for t h e  p a r t i c l e  combustion 
and t h e  r a t e  o f  change of t h e  p a r t i c l e  mass flow 
dens i ty  o u 'however, t h i s  term can be neglected 
i n  t h e  induct ion zone preceding t h o  s t a r t  o f  com- 
bus t ion .  

p P'. 

For the  p a r t i c l e  s i z e s  considered here ,  previ-  
ous s t u d i e s  of shock induced i g n i t i o n  i n d i c a t e  
t h a t  i g n i t i o n  i s  governed by heterogeneous reac- 
t i o n  a t  t h e  p a r t i c l e  s u r f a c e ,  p a r t i c u l a r l y  s i n c e  
i n  t h e  case shock i g n i t i o n  t h e r e  appears t o  be i n -  
s u f f i c i e n t  t ime f o r  t h e  evolut ion o f  s i g n i f i c a n t  
amounts o f  v o l a t i l e s .  
as t h e  d r iv ing  mechanism, i g n i t i o n  f irst  occurs  a t  
t h e  p a r t i c l e  s u r f a c e  where t h c  p a r t i c l e  tempera- 
t u r e  has t h e  h ighes t  va lue  during heat  up. Because 
of t h e  l a r g e  values o f  t h e  Biot number, t h e  tem- 
pe ra tu re  within t h e  p a r t i c l e  w i l l  not be uniform, 
and c a l c u l a t i o n  o f  p a r t i c l e  su r face  temperature 
r equ i r e s  s o l u t i o n  o f  t h e  heat  conduction equation: 

Accepting su r face  r e a c t i o n  

R source t e rm u"' (r .t) is included t o  account 
f o r  t h e  hea t  r e l eased  by heterogeneous r e a c t i o n  
both on t h e  p a r t i c l e  su r face  and i n  t h e  porous i n -  
t e r i o r  of t h e  p a r t i c l e .  l h e  boundary cond i t ion  a t  
t h e  p a r t i c l e  s u r f a c e  i s  governed by convect iveheat  
t r a n s f e r  from t h e  surrounding gas and i s  given by: 

Evaluation of t h e  r e a c t i v e  source term is a ma- 
j o r  source of unce r t a in ty  because o f  t h e  lack of 
adequate chemical k i n e t i c  d a t a  f o r  dus t s .  Assum- 
ing  a first o r d e r  r eac t ion ,  as was a l s o  done by 
Urai, e t  and S i c h e l ,  e t  a l . 4 .  This  term 
w i l l  be  given by: 

The values  o f  t h e  parameters used i n  t h e  compu- 
t a t i o n s  are l i s t e d  i n  Table I1 below. Due t o  t h e  
lack of k i n e t i c  da t a  a v a i l a h l c  f o r  RUX, some of t h e  
parameters used i n  (8) were determined by comparing 
t h e  r e s u l t s  of t h e  present  theory t o  i g n i t i o n  de- 
l ay  da t a .  

I t  a l s o  is necessary t o  choose s u i t a b l e  va lues  
f o r  t h e  d rag  c o e f f i c i e n t  Cg i n  ( 4 )  and f o r  t h e  
f i l m  conductance h ( t )  i n  ( 5 )  and (7) .  The ve loc i -  
t y  r e l a t i v e  t o  t h e  p a r t i c l e s  v a r i e s  from supersonic  

values t o  va lues  i n  t h e  Stokes d rag  regime. To 
cover t h i s  wide range, t h e  empir ical  expressions 
f o r  C,) presented by Walsh5 were used i n  t h e  compu- 
t a t i o n s ,  and i t  t u r n s  ou t  tha t  CD v a r i e s  s i g n i f i -  
c a n t l y  during p a r t i c l e  a c c e l e r a t i o n .  The Nusselt  
No. and hcnce h ( t )  a l s o  va r i e s  over  a wide range 
du r ing  p a r t i c l e  acce le ra t ion ,  and hence t h e  empiri-  
c a l  expression f o r  h givcn by Fox6 was used to 
eva lua te  h ( t )  . According t o  Fox 

The s t r u c t u r e  o f  t h e  induct ion zone and t h e  i g -  
n i t i o n  delay t ime were determined by numerical ly  
so lv ing  Eqs. (1) - (9 ) .  The i g n i t i o n  delay was 
taken a s  t h e  t ime between shock passage and p a r t i -  
c l e  su r face  temperature runaway. 
were ca l cu la t ed  over B s i d e  range o f  p a r t i c l e  load- 
ing and p a r t i c l e  s i z e .  

I g n i t i o n  de lays  

The d e t a i l e d  gas and p a r t i c l e  su r face  tempera- 
t u r e  v a r i a t i o n s  itre shown i n  Figs.  58 and 5h f o r  
2p and 3711 p a r t i c l e s  for a loading r a t i o ,  
(op/o), upstream of t h e  shock wme, of 1 .0 .  In t h e  
case of  t h e  211 p a r t i c l e s ,  hoth t h e  gas and p a r t i c l e  
s u r f a c e  temperaturc i n i t i a l l y  r i s e  very r ap id ly .  
Then, because o f  t h e  g r e a t e r  surface are of the 
smaller  p a r t i c l e s ,  both t h e  gas and p a r t i c l e  sur- 
face temperatures drop t o  a lower s teady value un- 
t i l  i g n i t i o n .  On t h e  o t h e r  hand, i n  t h e  case of 
t h e  l a r g e r  3711 p a r t i c l e s ,  t h e  surface temperature 
r i s e s  s t e a d i l y  u n t i l  i g n i t i o n  occurs.  A s  a conse- 
quence, con t r a ry  t o  i n t u i t i o n ,  t h e  i g n i t i o n  de lay  
o f  5211 sec  of t h e  t u  dus t  i s  fou r  t imes t h e  1311 
sec  de l ay  o f  t h e  coarser 37u dus t .  

This  hehavior i s  a l s o  mirrored by t h e  i n t e r i o r  
temperature d i s t r i b u t i o n  o f  t h e  211 and 3711 p a r t i -  
c l e s  which is shown i n  Figs .  6a and 613 a t  t ime 
increments o f  111 s e c .  In t h e  case of t h e  2u par-  
t i c l e s ,  t h e  su r face  temperature inc reases  r a p i d l y  
a f t e r  which it  drops while  t h e  temperature i n  t h e  
i n t e r i o r  of t h e  p a r t i c l e  becomes almost uniform. 
These small p a r t i c l e s  a r e  thus very  e f f e c t i v e  i n  
absorbing hea t  from t h e  surroundina gas stream. 
and t h i s  accounts for  t h e  drop i n  bo th  gas and par- 
t i c l e  temperature shown i n  Fig.  5. I n  t h e  case of 
t h e  3711 p a r t i c l e s ,  t h e  hea ted  region i s  confined 
almost e n t i r e l y  t o  t h e  v i c i n i t y  o f  t h e  p a r t i c l e  
su r face  and t h e  su r face  temperature inc reases  con- 
t i nuous ly .  

Thc in f luence  o f  t h e  p a r t i c l e  i n t e r a c t i o n  on t h e  
gas  temperature and i g n i t i o n  de lay  depends on both 
t h e  loading r a t i o  and t h e  p a r t i c l e  s i z e  3s i l l u s -  
t r a t e d  i n  Fig.  7 .  This  f i g u r e  shows t h e  v a r i a t i o n  
o f  t h e  i g n i t i o n  delay with p a r t i c l e  size f o r  d i f -  
f e r e n t  values  of p a r t i c l e  loading as ca lcu la t ed  
using t h e  theory descr ibed above. The i g n i t i o n  de'- 
l ay  always decreases  with decreasing p a r t i c l e  s i z e  
for small loading r a t i o s  when t h e  p a r t i c l e l e a s  
i n t e r a c t i o n  i s  weak. I lowever, f o r  loading r a t i o s  
o f  D ( I ) ,  thc i g n i t i o n  dclny incrcnscs  d r a s t i c a l l y  
when t h c  p a r t i c l e  dinmcter drops below about 611. 

Discussion and Conclusions 

Eqwrimrnts  lhave desons t r a t cd  t h a t  mixtures of 
211 and 3711 RDX dus t  w i t h  a i r  could not be made t o  
de tona te .  I t  was p o s s i b l e  t o  induce de tona t ions  i n  
t h e  37" d u s t  i n  a n  88% a i r / l Z %  0 mixture and i n  an 2 
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Figure la.  Schematic of experimental setup. 

3ium 

Figure 2.  Photomicrographs of R D X ,  100 X .  

Figure lb .  Schematic of dust feeder. 
rmcssure 
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combustion time 

Figure 3a. RUX (37nm) + airlo,  (88/12), 1300pfm3 
.5 msec/div. 

Figure IC. Tranzitinn section and dust  feedcx  
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3 Figure 3b. RDX (37um) + N2, 1300 gm/m , .Smsec/div. 
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3 Figure 3c. 
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RDX (Zum) + air/OZ (88/12), 1300 gm/m , 
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,Figure 4. Schematic o f  g a s - p a r t i c l e  flow. 
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Figure Sa. 
37um RDX p a r t i c l e s  i n  air/OZ (88/12) s u b j e c t  t o  
shock wave of M=S.1 .  

Surface temperature h i s t o r i e s  o f  Zum 6 
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Figure Sb. Gas temperature h i s t o r i e s .  Same flow 
cond i t ions  as i n  Figue 5a. 
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Figure 6b. 
t i o n  i n s i d e  a 37um RDX p a r t i c l e .  
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6 



6 

* . I : : : : : : : : : : :  . : : : : : : I  
e. I .  I. 18. 10. a*. a+. 8s. 38. 3s. I*,  

PIMlCLE SIZE IfJICROIIEIER> 

Figure 7. Ignition delay Y S .  particle s i ze  of RDX 
in air/Oz ( 8 8 / 1 2 )  subject t o  shock wave of N=5.1. 
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