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las Alamo- National Laboratory

ABSTMCT

fie initiation of propagating. diverging dctomcion is
usually ●cccmpliohed by w1l conventional initiators. A6 the

uploslve to b- initiat@d bee-o mor~ shock insensitive, the
inltatoro W*C have largar diawters tc be ●ff~ctive. Very
●hock-insensitive uplosives have r~quir~d initiators larg?r
thar. 2.5 cm. WC have numerically aamincd the procass of
initiation of propagating detonation sc ti function of thr
●hock ●cnsitivity of the aaplomive using th~ two-dimensior.al

Ugrangian roaccive hydrodynamic code 2DL and the Forest Fire
rate LO dcacribe the shock lnitiotion process of huLerogene-
Ous Uplosivas. I’hc initiation of propagating detonation in
●hock-insansitivc axplonivos containing triamlno crinitroben-
s~ne roaults in larsa raglonc of partially decomposed a.xplo-
●ive cvtn when initiated by large initiators. Th~ process
hao bom obsc~ed axpertintally ●nd r~produced num~ricall~

—

1. INTRODUCTION

Yhc initiation of propagatin~, diverging doton.ation is umuslly mccornpllshed

by ●mll cottv~ntioml Initlstorc; howovcr, •~ the uplosivc to bc initiated be-
comaa mrs ohock Inscnaitivt, th~ initlstoro mst hmvt larger Ji.am@cera (~2.5 m)
tO b- cffcctivom

Hmvio’ ham USMI the IZC csmara to .xamin@ the nature of th~ divorRing det-
onation WSVQS fomsd in PBh-9404 (94/3/3 10U/~ljtroc@lluloao/Tr is-fl-chlorocchyl
phosphat~), X0290 or PBx-9502 (95/5 TATB/Kal-F ●t 1.894 s/cm’), ●nd X0219 (90/10
TATB/Kcl F ●t 1.914 g/cm’) by h~isphcrical lnltiators, ‘l%Q ~.om.tries of the
inlcictora wora (1) ● 6.35~radlus h-isphoro of PIX-9407 (94/6 RDX/lLxon ●t

1.61 g/cm’) surrounded by ● 6.35~thick hm+sphmrc of PBX-9404, (2) ● 6.35-mn-
radius Aamisphara of 1.7-g/cm’ TATB surrounded by ● 19.05-_-thick hamisph~r~ of

l.0~/cm’ TATB, o: (3) ● 16-_-radiua h-isphara of 10351 (15/5/80 lDtX/Kal-F/Um
● t 1.09 S/cm’),

W havo nuwricallv ●xmminod syot- withtolmilar gmmotrioo by u-8 of tho
hydrodymmic code 2DL’and tho Forast ?iro rat. to doccrib~ the shock initiation
proreamm



Th8 two-dimensional raactive bgrangian hydrodynamic code 2DL1 wam used to
dascribe the raactlve fluid dynamicm. The Forest Fire’ description of hetero-
geneous ●hock Initiation was used to dascribe the axplosivk burn. The HOtl ●qua-
tion of ● tat@ ●nd For@#t Fir. rste constants for PBX-9502, PBX-9404, ●nd x0219
u8ra ldmntical to th~se @@scrlbad in Ref. 4. The PGp plots ● re shovn in Fig. 1
and tha Forest Fire ratee in Fig. 2. The calculations were lone in cylindrical
gamtry with hclte confinement rather thsn the ●ir confinement present In the
mxparimantal study. The Lucite confinamant preventc the mesh distortion that
cmn b9 fatal to ,Lmgrangian cmlcu18tion8.

Tile central 6.35-- ragion of the detonscor is inirially ●xploded, whic}l
Initiatoc the rmlning ●xplosiv~ in the datonator uminb ● C-J volume b~rn. }@r
●ny given wesh @ize ●nd time ●tcp, the viscosity must bc ●djusted co give a peak
procsure St the detonation front near the effactive C-J pressure. The pararneter~

used ● re ● o follows.

Calculation Hosh Size——— —— Time Step Viscosic.<
lnlci.acG_ Acceptor –-QU?Q.- .@_G) _ - —-——- —.—. _ Coefficient

pBx-9407/p~-9404 PBX-9404 G.05 0.02 4.()
PBX-9407/PBX-9404 PBX-9502 0.05 0.02 5.0
PBx-9407/PBx-9&04 X0219
1.7 TATB/1.8 TATB

0,05 0.02 Lz
PBX-9502 0.1 0.02 5,C

X0351 PBX-9502 0.1 0.02 5.0

Tht prussure and mans fraction conrouro ● re shovn for m PBX-9~0~ hemisphere
initiating PBX-9404 in Fig, 3, PBX-9502 (X0290) in Fig, 4, ●nd X0219 in FIF. 5.
l%e ●xperimental’ ●nd calculatd pomitlon of the laading wave ●c ● function of
diotance from chc origin ~s shown in Fig. 6.

‘T’ha burn can bacome unh:~ble whan f.c turns ● corner. The Inetabllity is
●pparartlv numerical bocauco it can bc ●llmirutad by ucing an ●varage of nearbv
CQ1l preosuran for the Forast Fire burn rathtr than the Individual cell pressure.

lh prasaurc ●nd MSS fraction contours are shown in Fig. 7 for the l.F-

glcm~ TATB homisphore initiating PBX-!J502. VQry lictlg undccomposad ●xplosive was
obmcrvod ●,.pori~ntally, tn ●graomant with the calculated raaultc. The contours
● re shown in Fig. 8 for ●n ?i0351 hcmioph~r~ initiating PRX-9502. ‘f%e experimen-

tal ●nd calculated rtgions of partially decompocad PBX-9502 ● rc ohown in Fig. 9.

111. CONCLUSIONS

The initiation of propagatin~ detonation in ccnsitlve (PBX-9404) ●nd inuen-
●ltivo (PBx-9502 ●nd %0219) ●xplo-ivoc by homispharlcal Initiator can be dc-
●cribod numerically using tha t--dimeruf,orul Lacrangjan coda 2DL ●nd th~ Forest
Flrc rat.. Lsrgc rosions of ~r~ially docompoaad ●xolosivo occur won when ln-
mansitivo ●xplooivoo ● ro initi~tu! by larg~ initl.ators.
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The distance of “.!n t~ detonation an a function of the shock prcsstirc.
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Fig. 3.
The praasure ●nd mass fraction contours at various timas for a hemispherical ini-
tiator of 6.35-trim-radius PBX-9407 surrounded by 6.35 mm of FBX-9404 initiating
PBX-9404. The pressure contour interval is 50 kbar and the mass fraction con-.
tour 1s 0.1.



4

t

o

I---L 4-–-+ -.+-+.+.4 ~

d

t

o

.?

4

?

o

H-.4 ..~+ +.4-4 .+-.4 -+..,

t-.++.+++.,,+.+{

I----.+++. ++ I.+. I

J .4<. -4 4;
.1

0

+.++ +.4

t
-+J L&L~

..4-+ t.+{.:”1:1::‘-’ ‘-+ “ + + ,
.- ..* ..,. .-.4

0 2 4 &

Fig. 3. (cent)



2

0

D_iiii!iilitf 10s-?~
2 a b

4miiEl
l-+++”-F

T-itt-tI--i-t-tt
o

1

I
— t

1“5- : - ‘“;?J)~ Si. .
.Z;

l—- 4

Fig.
The pressure ●nd mass fraction contours a
tiatorof 6.35-mm-rndius PBX-9407 surround
PBX-9502 (X0290). The pressure contour i
tion contour is 0.1.

4.

2

c

.Jrt--n-m tH--
C a —--4 b

4

2

c

.2

_T ~.-* .*...y——---- ---- ,

o

H-t+t-tt —t+t+H
.+ -LJJ+J-u+Lu+

4.
t various times for a hemispherical i
ed by 6.35 mm of PBX-940( ;nitiating

nterval is 50 kbar and the mass frac-



4

2

L

. 4.

1 h-
1 1

2 Zd—

0

-, +_iLL-L..q-l.i+:

F’
>,-..--*+..-T-T--

4 .+ -+-. + + .* -+ --L --+
I

4

~ .~–

-+-4–4 +--t -+--~ + -+ i

Ill:!

;

c

(cent)



4

2.

0.

-?.

I
I 1

J
2

0

H-- -, ~ “:”-4 -’l--t--‘

I

1 j] I

L+ . 1
1 : !L+-1

4. L-l--iJ :. .J

u c’ 4

4

.T --

-

. i ; : , ~~ ; a

..; f..:’

..—. —+- -

—

.

2.

,.. .

4

2.

0.

) 1 1 I

I , +—+-4

i

I 1 I I 1
I i

1 r! 1 /
t A-l r-

0.

tiiiiiii iii -H
1 1 1 1 1 1 1 1 1—

111 ]3Jo~s\ 1
-?.

o 2, b.

Fig. 5.

.2EEEEEE
‘o 2 4 6

4

z

Q,

-2,

The pressure and mass fraction contours at various times for a hemispherical ~n-
Itiator of 6.35-mm-radius PBX-9407 surrounded by 6.35 mm of PBX-9404 initiating
X0219. The pressure contour interval is 50 kbar and the mass fraction coatotir
is 0.1.



~- .T–--r—-.r --- -

7 +..-–.
4 –+—--.–--. -–-+ +.. - .*- .+ -+ :

,, I
L---~~:J’J ,-+-44-+ -+-+ +

4

2

0

-t

}
I ,,

J

}+”’+-44.+++++++<
t’

.?L. A_ ’.. .d. .A_ . . . . . . . . .
c

f

.+. -+.
4

T
-t + ~ “+””-: -“”’+:-_;:::;

~-+ +----+ -y---t -1 + . + + {

r–~-- ~-m..,., , . , , . . ,
4

t--l=l
--4--.4 ++ 1+’+’--”4“+ , 1i.+..+++.,,

2

0

-1

Fig. 5. (cent)



10

20

/

\
\e A

A
PBX-9502

\

\
\ A A A

-~

\

- — - — - --”

a

●
X0219

‘\

●
●

A Trt3vIs PBX- 9502 d. to

o ?rovis x0219 dato

--- Cufculated PBX-9502

—— Colculoted X0219

~_ —–L———.l_———_l—.—— I ●

Ir 20 30 4G 50 60

oistonce From Origin (mm )

FiF. 6.

the tep of the t~xplosive block as a function i’f t’11 c!i~l,lnc~’ r! t!,I’

leading front of the $’avc fron the ori,cin.



I
. . . . . . . . . . .

a. .*.* ● .*...

Py>$;’qf . . . - **4+
I

. . . .

. . . 4

. . . ,

. . .

. . .

. .
. . .

I
. . .

..*

● . . I+—-1P
.***

●

f“:.-
● *+.
● + ●+*
. ..+

. . . .

..*.

. ..*

..**

. . . .

● ☛✎✎

✎✎☛✎

b. . . . . . . .4

LL

. . . . . . . I
● ☛☛

☛✎✍

.***
~?..5 ~s

.*** . . .

. .

. .

.

.

.

.

●

●

●

✎

✎

4

4

.

.
4

.

.

.

.

.

.

.

*

●

.

.

.

.

.

.

.

.

.

*

—

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

●

✎

✎

✎

✎

✎

✎

✎

☞

✎

✎

a

;.. . .-

r----
.

.

.

.

.

.

.

.

.

4

.

.

●

.

.

.

*

.

. . .

. . .

+*.

. . .

. . .
+.. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

●

●

*I**.**”
. .,

● ✎

✍☞ ●

. . .

.*.

J**,.

~+ .+..+.. 1 . . . .

4+.

. . . .

9

4.0 }s. .

.●❞❉☞✍☞☞✍☞1
.-.
● ✍ ✍☞ ●

☛✎✎

✎☛☞

. .
.+

● ☛

✎☞

☞☞

-4 -+-

++

4+

;._-+._

I

t-1’++5#%-tiI I .’

0

The pressure ●nd mass fraction contours ● t varicusi times for ● h~miepherical ini-
tiator of 6.35 -nsn-radiue ‘TATB ● t 1,7 g1cu13 surrounded by 19,05 m of TATfi ● t 1.8
g/cm3 ini iatir,g PBX-9502. The prassura contour interval is 50 kbar ●nd the mass
fraction covtcur la ‘).1



‘E-!!xiib.

.

.

.

.

.

.

.

.l:-4—7-

●

J

:

. . . . ,
● ☛✌✎☛

.* **,

+’.’
+ 1++++
4:+ .*
AA

. . . . . .

. . . . . .

.00, . .

.

t

{

FiK.

.

.

.

.

.

.

.

.

.

*

1

4

*

,

*

*

*

_&” +.**... 4

● *... J

J: ------

I

. . . . .
a. .,..

f“”*=’

.
●

✎

✎

✎

✎

✎

●

. . . . .

i.-.

.

1

. . . . .

. . . . .

. . . . .

. ..*.
I

● +.*

‘,{ + -**

●-**+*** ..$

● *4”.*** ● . . +

.-’ ..+. . . . .
.

&++++.** ● *

t“”””+””:—~

I ● 4 S-1 : ● ● . . .
+ :*

;: *.. +.. .
i“--:

7. (Colll 1



t

● ✎ ✎ ✎ ✎ ✎ ✎✎ ☛☛☛✎

☛☛☛
•~FJ~~uu. . . . .

I
++**++..****.Lyci.te. . . .4++++.

● ++’: ”$311$$2 a

‘P
?.;.+.++......

W)X-5592 ● ● .. * -+ ●

/+ *+*+* ● **\
-++ +*4* .*.

-*--–4**-*+ +**+

-t
+-+++ +--+ +4+44

4

,’ .--A--.-4 -AA

. . . . . ●

✎ ✎✎✎☞ ●

✎ ✎ ✎ +4+

I4.. .+4 ●

. . ~;-+:

1.+++ +++ +4+4++ ● 4
)

:

t ++ 6+.+4 ● +4--

+ “ + + ‘“-”

~+ +---–
+ TI,:L_l -J +..

I

. . .
‘u+ :FRp@)i :

● ***
,..

● ✎ ✎

$$:

I-++*+++**”*+ ““~

4.0+++++++ ● *”

: +-+ ++++.- ● *

++*+**** +

lit+++’””
-“flw+ v++”’

L
t 1 I 1 1

uiM-i-Lu-==J

A+ ..+

1,

....*. .
6

:

c

J

Fig. 8.
The pressure and Msti fraction contours ● t various times for a hemiaphericnl f~!
t Iator of 16-mm-radluti XC1351 initiating PBX-!1502. The pressure contour interval

in 50 kbar ●nd the mass fraction contour 1. 0.’.



a

.

4

+

,

$

*I●-+

a

4

z

o

t’

++-+*+-+*+ ● .
:’ ,,

?++-< -? +4+ ● *

Il(t, l

J-4-44 -i-u +++
$;

t

II

1{
o

;
.

.

.

.

:

●

✎

✎

●

✎

●

�

:
. .

. .

.

. .

::

. .

,.

. .

. .

. .

. .

●

✎

J

,

+

.

*

:

*

+

*

;

i

-t-

*

;
.

.

.

4

:

*

*

*

●

+

+

t--

.

?

.

,

*

:

.

.

.

.

*

● �

.

,
.

,

.

.

.

.

.

1 1

!::4,b-s F

: L ;‘:
,1

. ,— . . . . ,.

“jjp
4*

‘v -
1;.

1’ I

Fig, 8. (cent)



I +1 + #’$w8.L+ +

H\ii!..
l-+-t+:-i

++ 4 ++

Ii&“+t+i.-
, -H--i-H~44 -+’* .7 ...

}+** ***, *+ I.,. j

I

9

1.Ih .!_L.1 1 1.1 4 17*P!4’.J.1J

t
+t

t+’ ?ti ~+””’ I
.

I
o

1

Fig. 8. (cent)



40 ?
I 1 I I

7
I

‘1
● }

● ,/
I 4

‘-<*.
-

X0351
Booster

P8X-9502

● T~ovIs ~O?O

--- Colculoted

1 1 1 1
10 20 30

Radius ( mm)

40 50


