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MODELING DDT IN GRANULAR EXPLOSIVES WITH A
MULTI-DIMENSIONAL HYDROCODE -

E. M. KOBER. J. B. BDZIL and S. F. SON

Lus Alamos Natwenal Laboratory. Lus Alamos. New Menico 53555 'S4

We describe p=sults obtamied with the mplenentation of a new Inrge drag hmit. two-phase «onrinuum
mixture model ot DDT naw MESA2ZD The kinetics scheme onginally «descnibed by BN 15 used to
~simulate a suite uf 1D and 2D experiments The BN Kinetics scheme 1s tound o be inadequate.

INTRCDUCTION
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vory senEitive to acodenral aatiaton ol detona-
tion Ly hoth subsequent we.k nnps rs and rther-
hnl surces  As part of the rxplosive satety pro-
gruin ut Los Alanos. our gronp has worked to de-
velop moilels lor ol tuime wave supported g-
mtide ot grunular explesacves. asl o gupl ngent
these mocdel 1 hvdrodvioans s todes The prvx-
g odels ot dedagratoni-tom betsuatesn Fransi-
tin 1DDT) were exainme ] ws part ot our work.
especially the Baer & Nunzis BNt usnlel 11,
wial new models were develojosd. Here we ropare
o the anplemerration of @ uew lande s e,
twosplise contimnun nuxron kel lar we lmve
develojued] 1 3)
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w eonnldie] posearealensity goalent nan Aj-
though thin. rthis sdpg-1elXat g 7000 oes o
regrate ta a suuphe punge coaglaeas o strmeonne
prablem nevds v b sofved Wee Lavae devebqued
o Vimcaaa methel that projoerhy reaalarizes rhis
some hie rery thin Zoae W bt ety -
mafvet) I earlier werk 00 N ) Whey of v en

"Ihim wrak myliaorteal In Hheee 'S Dicpqprtime pt oo Lot o0y

properiv fesolved. properties of the unmerioal alk
2orithan e sletenimne the cpergy partiton be
rween plsses. aul bt the  phvsis ™

We liave inpleniented vur model i the MESA
bvidrodvnamis cade (0 One version ot the, an-
jleinentation uses the phase diteraction refms and
rate laws described v BN 1051 Here we report
rhat the BN noaded o 1000 copraducs- the qual-
ttateves rrelicds o wosgre ol oW G dnnenional
t1D1 experiments on granntar HMX We also de-
~cribe two  lunensunald 2D siwsiintions ot te
DDT “rube rst. el dlusrrare rlge unportant
role pluved v multimuterwd.  multelunensional
sihulations ioipterpreting the reletively slaw pro-

vias ot DD
MODEL
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Subscripts s und g refer to the solid and gas
phase, respectively. The state variables nre cden-
sity (p,), specific internal energy (¢, ), pres-
sures | P.), particle velocity ( u,). temperattire
(T, ). und volume fraction (¢;) where i is s
or g. The mixture variables are the mixture
density (p = o4ps + ®gpg) nnd mixture pres-
sure (P = ¢yP, + ¢oFPy). The saturation con-
straint is @, + ¢, = |. ‘The source terms ap-
pearing above are rate of comnpaction ( F ). inter-
phiase energy exchange ( £ ), nnd volnmetric rute
ul mass exchange ( C ). The Lagranglan derivative
Is D/Dt =t +i0-V.

\We hmve analyzed the structitre ol two-phase,
two-velocity shocks in the limit of lurge drag (4).
Bused on these results. we huve developed the jul-
lowing regulnrization for shocks

Ve,
Py=>F,+ ( rly
' 7t dypglvr -

”)Q- (n

where the regnlarization constunt, ¢, sets the
partition ol energy between the solld and gy, Q
iv the viscous pressure for the mixture (Q is taken
ws the urtlficlal viscosity used hy the code).
'l Hoyes equatlon of state (EOQS) Is wsmnned
for the solkd (e.g.. (1)).
T'eaupy) =Ton + Z'-..— (8)

+ (s = Pa/pa)(1 = v+ Gt

P.!(T.--I)Jl) = Pn() + (l'.! - I;II)C"--.Uu + I'al)dc/d"s-

(9)
where ((inity) = =ta[p) =" = (=11 = v4) = |
mid v, = paa/pa - The Jones-Wilkins-Loe (1WL)
EOS v amsunnxd tor the gus (e.g.. (D)

Tytegony) = Tyt FI—(«-., + AH) (10
v
L (40, )
( ‘n--p'c"nlll’nll l"l HJ .

Pycly. py) = TywCoypy 4 Alpy) + Blpy). (11

where  d(p,) = Avxp(-Ioapa/py) mnl
Bip,) = Bexp(--Ragapan/ my) .

Interaction Terms

There are some notable inconsistencies In the
form of £€. BN's published expression is & =
~(Py ~5(0s)) F-H(T,—T,) , where the first term
is a nodel for the compaction related work and
the second term models interphase heat transfer.
The BN calculations (6) used € = -H(T, - T}) .
Our suggested form is € = -P,F - H(T, - T,)
which corresponds to depositing the compaction
work with the solid (2). Here we use the former
vxpresslon to malntain compatibility with BN's
vanlculations.

‘The BN cotnpaction law is (1):
F = g’l(nu\x(l’, - .3.0) - 1), (12)
fe

where ji. is the compaction viscosity. The intra-
granular stress or configuration pressure, 4, , is
Ay = —mox((ds ~ dan), 0} 7In(y) /0y .

The volumetrl: heat trunsfer coetliclont, H.
is assumed to huve the form. H = (3ky0,)/(u3)
where wp is an cffective purticle nudius os-
sumed to he shnply reluted to o, up =
apomnx(1, (6n/¢,) /1) in BN's enlculntions. Al-
though the resultsa wre Insensitive to this de-
pendence, the Intemded relntlonshlp wa o, =
ll',()llllll(l. (d',/d’,u)l/:l) .

Kilnetics

We use the BN kineties scheme deseribel ing).
Then € I8 o molel for gas pliwe combstlon,
moililed with switches that attempt to linpart the
linvor ul' n compuetion supportml ignition mech-
unlsmy, vin un hminction varinble, 7 and w gruin
stiefuce tomperatire, ¢ Plee Jieduetion thne ogin-
tlon In

nl g .
B (P - o)D) D, (1)
where 0 < 1< |, "T'hin eepinthan is slmply o thner
that triggers n chonge In the gas energy relerem-e
stute (contbustion energy relwe), AH . glven by
AN = (1 =W -1 /2)AH . T /DA
Tl siirfuece temperatine ot lon in,
1

B My T (Cron). (1)



where ((T\ns» Ty.T,) is a function of the interface
temperature T, . This lunction ean be ‘nverted
to give,

5(¢ + 1) + BiT,
G+ B)(1+ Bi)
Bi (T, - Bi¢ + VZT=TT, - T.TY)

(1 + Bi) '

Tmt =

(15)

+

where Z = max(Bi(/2.0) + |T, — T.|). We use
Bi = 10k, /k, . w3 In BN's culculntions (5). ‘This
rquation was ilerived assuming that Interphunse
heat transfer is driven only by (T, —~1,) , und s0
neglects the hent generated by compaction. This
interlance tempernture is used vuly to trigger the
principnd reaction In C.

C = —:iH(T.ul - wyn )kl‘ (B-
r

tty

— kn((P = Pu)/Dp)*ps(1 = tr0) [, (16)

where f = max((¢és = o) 0)/(1 = o) und &,
und &y ure rate constnnts.

‘The purnmeter valiles used by BN to model
vourse grain granulnr HMX (chss D) ot o =
0.73 wre given in Tuble 1.

Table 1. Parninctors for ¢ = 0.7, gronmbur 1IMX.

Al = 7796 x U A ky Cluy = 2380 0/ kg K
Allyyr = 23 % 10° J/ky Crv = 100 S/ hg/ K
=407 < 10" J/ky r=12a 0
4= 824 x 10" J/ky ky =2« 0 a?

(% ~ G0 M Pa) =2 1.0 kn = 1IN
ba( 1 2 U9 A Pu) = 0.8 =18
Kp(l% < GO ALPa) = 00227 mi/a Ity = 1.2
hp( Py = 09 ALPY = 1D i/ w Ry = 1.0
W= LR x 10M P w =025

oy = THx 10 Dy o= 0 '
A =27 10' Pa Togw = 530N
B= -1 x 10"Pa e = 1900 kg/ni!
ky = LA W/ m -~ N the == 2100 kg/n*
Ay =020 /m K fte < 1 kyg/m - x

The rogulurizution was v, = 1O und Py -
l’_.,u L l"r' DPa. T_.u 2 'l'.,., a3 ”Nlml thewe
puruieters ull guulitative featnres were repllentid

r, )' bapa(l = £

and fair quantitative comparison with BN's pub-
lished calculations (5) were obtained. The Ignition
locus differed by a maximum of 4 is through
i 60 us simulation. More favorable quantitative
comparisons (to within numerical nceuracy) have
ulso been made with a 1D MacCormack's method
hased code integrating the large drag limit equa-
tions or the full BN equations (2-velocity) equa-
tions.

1D IMPACT SIMULATIONS

Sheflield et al. (8) huve performed shock load-
ing experiments on ¢, = 0.73. vourse grained,
vinss A HMX (mean particle size of 1.5x1074 m ).
The nomiunl snmple thickness wns 4 x 1074,
which is nbout 30 pmrticle dinmeters. A sumd-
wich geometry was used, where the HMX wis sur-
rounded by thick pleces uf Kel-F or PMMA. ‘The
particle velocity wona mensured ut buth nterfaces.
A s gun wis used to shock loud the sumples,
with the Initlal purticle velocity ut the interface
runging from 200-500 7/8 . Our 1D culculntions
used n grid slze of Ar = 2.6 x 10~"m . The com-
purison for Kel-F/HMX/PMMA when the Initlal
projectile veloclty I8 300 m/x I8 shown in Flg.
1. For this case, I of Enj. (13) rxceeds 0.5 nt
7.0 pa (9.3 pa) tor the eft (right) gauge. The
doubling ol the oressure die 1o wive rotleetion
(loft) und hnpedesree matehing (right). lewds to
vigorous reactlon ut wbout 10 pa. The transit
time ol the vi'npaction wave neross the sample
in 4 . A 2D stimbnthon slowed the How be-
voming 2D ou the conterline ot ubont Ops . The
ugreeiment of ealenjution with experiment Is good.

When the inltinl Inpit velocity 8 Inermeadd to
400 m /o, the experlmental ond computidd veloeity
diapluyed (n Flg. 2 whow poor agreement. Ule cell
trunslt thne o 2pia, during whieh tine s amech
rewction aevurs ns in s for problem 1. This re-
Heets the higher pressnoes o the svstem, However,
the experhinents slnew the reactlons to be expo-
nentiully lnster jor thin compnnsl to the proviaus
e, Pl the ugreement s poor. Other voses In
this paite nf experhiments show ehinfinr poar ugree-
mwent with BN, Thiew the BN poaetlon selpnte -
oipuntely represents the experhnents, Shollar re
sults were nhtulned nsing the BN iunlel utegratixd
asiig n methoml of s olgoritinn ).



coarse HMX (1400 kg/m’)
impact spsed = 390 m/s
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FIGURE 1. A comparison of experiments (dotted linwm)
and computed (solid lines) iterlace velocities. ‘The cow-
puted compaction wave is too thick. The rounding of the
comnputed velocity at the left iuterface is due to the timme
scale wasociated with tho cimupuction process,  |lowever,
the uverail companison is guoid.

cosrse HMX (1400 kg/m’)
......... 2*.calc |mct ’p..d = 597 m/s
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FIGURE 2. A cowparison of experimenta (dotted linen)
und computed (solicd Hnes) intertoce veloritios. Tie agree.
winut is poor.

2D “TUBE TEST"

A ealenlntlon of the "tnbe tost” experhnent
perforimed by Sundusky & Bernncker (10) Is shown
In Flg. 3. The tide was Lexun (lohison-Cook
strength model) wnl the impaetar rod, which lul-
thully wis truveling ot 207 m/a. ws PMMA
(Hnld).  Signifienutly, the large 2D eifects bring
Into question 1D cnlibrntions o models to steh
experimonts.  Mouels Hke BN were culibrnted o
such exparhuents uslug 1D shnnlations,

4
lexan cylinder
E . porous
E 0} PMMA pision aé (( HMX
-4
-5 0 2em) 3 10

FIGURE 3. A calculation of Sandusky's 2D tube test.
The pressure contours are shown.

CONCLUSION

The published BN “kinetics” scheme is fully
tescribed in this puper. It is hoth overly complex
und does not provide an ndequnte representation
ol granular HMX. In additlon to the discrepancies
shown here, the “plug" that hns hein observed
experimentally is not obtalned. Work Iv ongolng
inn our group to develop better rate modeling. An
Initlal effort In this direction Is found In (11).
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