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What is work built on? h) e,

= Four years of experimental research (FY10-FY14) on the decomposition of the
explosive PBX-9502, which is 95% TATB (2,4,6-trinitro-1,3,5-benzenetriamine) and 5%
Kel-F (chlorotrifluoroethylene/vinylidine fluoride copolymer 3:1 binder).

= Vented experiments show significant ignition delays.

= High density experiments show temperature excursions before ignition, even in
vented systems.

= Pressure-dependent model developed in FY13-FY14 and documented in:

= Hobbs M. L., Kaneshige M. J., “Effect of confinement during Cookoff of TATB” J. of Phys.: Conference Series, 500, 052017 (2014).
= Hobbs M. L., Kaneshige M. J., “TATB Ignition Experiments and Models” J. Chem. Phys., 140, 124203 (2014).

= Aviles-Ramos C., Hobbs M. L. Parker G. R., Kaneshige M. J., Holmes M. D., “Validation of a Pressure Dependent PBX 9502 Cookoff Model” 15t
International Detonation Symposium, San Francisco, CA (2014).

Uncertainties in model are characterized in the current presentation.
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What does pristine PBX look like?

Molding powder Pressed to full density

38.6% TMD 98.2% TMD
0.749 g/cc 1.906 g/cc
11.8¢g 24.2 g

@ =61.4% ¢ =1.8%

If porosity is less than about 5%, the pores are not connected.




What does degraded PBX look like? @.

Degraded TATB (Hobbs, 1994) Degraded TATB (Land, 1993) SITI run 271

Macroore y '

1000

If porosity is less than about 5%, the pores are not connected and
decomposition occurs in a closed pore network. Swelling occurs
by both thermal expansion and reaction (gas generation).

4




Sandia’s Instrumented Thermal Ignition (SITI) () &

Large ullage SITI Open half shell
[T 11 i [T 1]
NN
NS
N %PBX E
N \
1
N
1] T X \ :
two 2.54 cm diameter by 1.27 cm tall pellets N \\ N

/ 6 \ 0.69 < r<1.92 glcc
{/ 2 \} SITI: 533K <T,, < 574K
3
L 5 ] sealed & vented
9 / 20-75% ullage (excess gas volume)
ST S e Measures: Ignition time, temperature, pressure

Incremental bursts heard as audible noises (pop, thud, etc.)




Measured temperature and Pressure
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Confinement affects ignition time.
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h

Ignition time is a function of
temperature, density, and
confinement.

Vented experiments show
significant ignition delays.
High density experiments
show temperature excursions
before ignition, even in
vented systems.

High density sealed
experiment #280 shows small
increases in pressure
between 20 and 50 minutes.

Small increases in pressure
were associated with audible
noises (“pop” and “thud”).
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Four-step Pressure Dependent Model (@) .

o Drymg (H,0,450rbed = H2Ogagr hug = -2.26x10° J/kg)

0.15-0.28% by weight measured by temperature programmed desorption using an ultrahigh
vacuum heated at various rates to 60-70°C below TATB decomposition temperatures (Glasco et

al., 2012).
o O = pex p( L g")[HZO] , Where brackets represent concentration in kg-mol/m3.

 Monofurazan (MF) formation (TATB = MF + H,0)

* Decomposition occurs in condensed phase (Land et al., 1993).
L Aexp( )[TATB] generates gas but is thermally neutral (h,, = 0).

e Monofurazan decomposition (MF = Gas + Carbon)

70\N+¢O . ope . .
*  Product hierarchy from equilibrium calculations.

0 i@/> « MF —> 3N, +1.66H,0 +1.67C0, +0.15CH, +0.04H, +4,18C
\N‘ \N
\ o = Aexp(Z£)[MF] with h,; = 4.82x10° J/kg (Hess's law).

F

- 1
* TATB decomposition (TATB - Gas + Carbon) "20a> H20 YM+ o
HoN NH, *  Product hierarchy from equilibrium calculations \. [ e °
3N @ o, ° TATB—3N,+2.4H,0+1.8C0, +0.3CH, +3.9C 5 \

NH . T T exp(==2)[TATB] , with h,, = 6
2 ( ) exp( )[ | , with h,, = 4.48x106 ) /kg. TATB 4 Gas + Carbon

dt

4-step mechanism is simplest to match all observations. 1-step and 3-
step models can’t match measured pressure. .
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Model Equations (™)

oT
comnerey p,C,——=V-(kVT)+ Y.rh M,
equation ot ~ w,i
I: ?
4step H,0, — H,0, MF — 6.52 Gas,_, +4.18 Carbon,,
mechanism TATB—MF+H,0,  TATB— 7.5 Gas, +3.9 Carbon,

r, =200 — Aexp( E*“)[HZO] r, = = Aexp(z£)[MF]

4 rate
: d[TATB] n
equations r, = = Aexp (£ )[TATB] r, = 4TATEl _ A(p%) T" exp(=£:2)[TATB]
d[,.(,ftoa] =, d[g/:/:] +r, T, d[ca;t;onm] =44 18/’ 3
9 species 40,1 41H,0, ] dlges) _ 2}
equations G- =t a1 T = TN =
£ |
WATE) — —r, — 1, de%nl — 16.52r, Al — 13.90r, é 0
Z 4t
I I
Distribution . =invsnorm(P) p—-__ MGl  p — [TATB] oy
parameter, z : 1 B0, 0 MWiiyo, * (-0, )Po0 Mwrars 3

I L 1 I
1 0.8 0.6 04 0.2 0

Normsinv is the inverse of the standard normal cumulative distribution that has a mean of 0 and standard deviation of 1. Reaction progress, P

Engineering model does not 1) track gas movement, 2) calculate separate gas and
condensed temperatures, and 3) calculate evolving permeability due to reactions or
strain. A stress-strain constitutive model for reactive materials is needed. 8



Pressure with BKWS-EOS ) .

Thermodynamic P = znRT
pressure V
g

iKi
Compressibility z=1+ Xexp(BX), where X = % :
(imperfection) g(T+6)

Gas moles n=| ([H,0, ]+[H,0,]+[Gas,]+[Gas, ]}V

]
Gas T=| pCTaVv /| pCav :
temperature Vv % ai
Gas volume V, = jv odV '

S = ([Hzoa]MWHZOa +[TATBIMw 1 +[MF [Mw,,. + [Cm]MWc,,, +[Ct]MWc,)/pb,o
S; po o (1=

Gas \!o|ume ¢I = 1 — f"pi’)O(_ %) P =Pc,o{1—,3(T—To)}
fraction - B=99x10°+0.74x10°T (B from Maienschein & Garcia, 2002)

“z2” is significant, especially for the ODTX experiment where
pressures get as high as 22,000 psig (1500 atm). 9
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Five Model Options

1) No damage, n = 0.7, V, = ¢, Vg,

Closed-pore decomposition.
» (Gases are assumed to remain in the decomposing PBX.  nonsweling PBx (veliow) with
minimal gas entering ullage

* In reality, some gases leave pellet and contribute to measured pressure.

* Predicted pressure will be much higher than measured pressure since the predicted
pressure is assumed to occur within the non-swelling pellet.

* Bulk EM volume remains unchanged due to significant confinement.
2) No damage, n =0.7, V, = ¢,V (T) ' '

7’7 g
+ Same as 1) above except bulk EM swells due to thermal expansion. PBX

3 N o d a m a e n — 0 ; v — v ’ r Swells by thermal expansion with Swells by thermal expansion and
J . J g g E M 5 minimal gas entering ullage reaction generated strain

Same as 2) above except bulk EM swells due to thermal expansion and reaction generated strain.

4) Damage, n = 0.7, Vg = (ngE,,,, + V,v,,,é,g,e

oot
~
\

Decomposition gases accumulate in sealed ullage volume.

5) Damage with vent, n =0

gas entering ullage gas venting

+ V, does not affect decomposition rates since the pressure is assumed at ambient conditions.

The EM is considered damaged if gases can readily leave the bulk EM.

Molding powders at 37% TMD are damaged, highly pressed pellets at 98%TMD are not damaged. 0




5 Model Options and 3 Experiments

Bolded number is model option, number of experiments is in parenthesis, red numbers show difficulty in
predicting high density cases that are vented or have large ullage. Difficulty is due to chaotic damage behavior.
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sealed (5) 4

1) No bulk strain

» Fast ignition times.
» Used for highly confined systems.
» Seldom if ever used.

2) Bulk thermal strain

« Same as 1) above except bulk EM swells due to
thermal expansion.

« Use this if you don’t want to use my extrapolation of
reaction induced strain.

3) Bulk thermal and
reaction induced strain

« Same as 2) above except bulk EM swells due to
thermal expansion and reaction generated strain.

7Y 100 T
e 3 A
7 I
53

)

4) Damaged, not vented,
ullage matters

5) Damage with vent

37% TMD[ vented (3) 5

86% TMD = sealed (2) 4
929% TMD - sealed (2) 4

sealed (6) 3
r-h 98% TMD [ vented (4)

= 25% ullage

SITI (11.8-24.3 g) =1 50% ullage = 98% TMD[ vented (1)

3,5
sealed (4) 3,4
3,5
3,4

. 75% ullage = 98% TMD= sealed (3)

Hobbs, M. L. and Kaneshige, M. J., “Ignition Experiments and Models of a
Plastic Bonded Explosive (PBX 9502)” J. Chem. Phy., 140, 124203 (2014).

~ 85% TMD (4)

3
[ ] Copperring =t 92.5%TMD (5)3
LL% 3

= 98% TMD (8)
ODTX (1.8-2.0 g)
~ 85%TMD (3) 3

No copper ring = 92.5% TMD (3) 3
- 98% TMD (6) 3

Koerner, J., Maienschein, J., Burnham, A., Wemhof, A., “ODTX measurements
and Simulations on Ultra Fine TATB and PBX 9502” North American Thermal
Analysis Society 35" Annual Meeting, East Lansing, MI, 2007.

(11 ccullage)
« Los Alamos

NATIONAL LABORATORY

ISCB (1312 g) == 97.2% TMD

No ballast (2) 3
Sealed[

Ballast (2) 3,4
(530 cc)

Vented (2) 3,5

Parker, G. R., Holmes, M. D., Dickson, P., “The Effect of Pressure and Venting
on the Slow Cookoff of PBX 9502 in the Intermediate-scale Bucket Test” Los
Alamos National Laboratory Report LA-UR-13-25716, Los Alamos, NM (2013). 11
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Validation with SITI data
@ Sealed (Hobbs) @ Vented (Hobbs)
@ Sealed (PT¥) @ Vented (PT¥)
. 25% ullage ] 50% ullage 75% ullage
a  37%TMD b 86%TMD C  92%TMD d 98%T™MD e 98%TMD 98% TMD
4 4

= (M-D)/D

Ignition time, s Error

3
101

*PT represents the Prout Tompkins model that was fit to ODTX data by Koerner et al. (2007)

SITI(1

eV
_ .~

7 1000/T 1.9 Axisin a-fa}e the same
Data '
6 o) D
< (2 n:
(‘\\' ‘. 'b\ /XQQ‘X.‘ ’b\eé 1
S : / / Opt.5 5 = ,,e. vented / |
/ -~ ~ ool 3 38 @/
v -/\ 7
7 1060/T 19 Axisina-f are the same '

| A

1.8-24.3 g) =

# opt. plots
sealed (5
37%TMD[ vented (3 4]_ d
86% TMD = sealed (2 b
25% ullage

) 4
929% TMD = sealed (2) 4
6) 3

sealed (6
98% TMD [ vented (4) 3

sealed (4

50% ullage - 98%TMD[ vented 1

—C

1d

I

,].e

I

| 75% ullage - 98% TMD - sealed (3) 3,4=f

Monofurazan reaction

20 LHS runs

enthalpy is sensitive

ST
1 O r Symbols Multiplier Value r r’
3 6%T M D Usy Vol. exparfsion 120.03 0.1 0
w Ucs Bulk specific heat 1+0.05 0.1 0
-~ Un Reaction 1 enthalpy 1+0.01 -0 0
qJ Un, Jkg React. 2 ent. (range) ~ 0£8.6x10° -0.8 0.6
E Uss Reaction 3 enthalpy 1£0.01 0.2 0
'_': Un Reaction 4 enthalpy 1£0.01 -0.1 0
L a Ui Thermal cond. 1+0.05 0 0
C 1 04 ] Upo Initial pressure 1+0.01 0 0
.9 Un Reaction rate 1 1+0.05 0 0
iy o Un Reaction rate 2 120.05 04 02
C M?dﬁl g’;ﬁlonsi Us Reaction rate 3 1£0.05 0.1 0
m — Tstrain U Reaction rate 4 1+0.05 -0.1 0
- —3 T, strain Usvo Initial bulk density 1£0.02 -0.1 0
—4 UIIage matters Ur Initial temperature 1£0.011 0.1 0
- 5 Vent U spiki Ave. BKWS covol. 1+0.01 0 0
1 Oi 7‘ 1 OOO/T — _I 9 Uvswent Swell volume 1x0.10 03 0.1
. . Uz Initial ads. water 1£0.75 -0.3 0.1
12



SITI: Effects of Density and Confinement ()&,

_Green (data), Red (model) oo Green (data), Red (model) go—SYymbols (data), Lines (model)

UNLENLE BB LB SUNLNLELES B T L B e e B B B N BRI -
Exp. 225 - 1
p ool EXP. 225 ]
! ] u =
600 - - Q »
X 500 6146 K g . S
[0} 2 N [ Q 1 ‘g
‘5 3 N E N (o)) 4
= ~400 - S - =10
500 - ) i ) fe]
g 1 3.1 - S ©
£ Aluminum 0 300~ . €
@ g | F
- 27,600 o i ] | |
a0 i elements 7 200 - -
i L ] 1
] 10 E 1013 7 1.8 1.9
300 . . - - . — 0 1000/T, K*
0 10 20 30 40 50 60 0 10 20 30 40 50 60 *98%TMD vented data is between sealed
Time, minutes Time, minutes at 98%TMD and vented at 37%TMD
(o) * i
37 /OTMD sealed & vented 98%TMD sealed & vented* Reaction 2 enthalpy and adsorbed
40000 —— , , . 105 water conc. are sensitive parameters.
35000 = F No damage: n=0.7, v ¢VEM(T r)
30000 = B Symbols Description Value ™ r*
25000 E - Up Volumetric expansion 140.03 0.01 0.01
5 1 o 3 Uc Bulk specific heat 1£0.05 0.00 0.02
20000 E R Ui Reaction 1 enthalpy 120.01 0.00 0.00
@ - 1 C Ui Reaction 2 enthalpy 048.6¢5 0.98 0.49
c 15000 = - o =
o I 1 .$ U Reaction 3 enthalpy 1£0.01 0.00 0.02
= I 1 = Uns Reaction 4 enthalpy 140.01 0.00 0.00
S, 10000} 4 C Uy Thermal conductivity 140.05 001 0.00
© i i 9) 104 Us, Initial Pressure 1£0.01 0.00 0.00
- : o Un Reaction rate 1 14+0.05 0.00 0.00
QE) | - Un Reaction rate 2 1£0.05 0.02 0.12
= 5000 - Model OPtions _ () Us React%ou rate 3 1+0.05 0.00 0.00
1 No damage: n=0.7, V,= § Vey, e Us Reaction rate 4 1£0.05 0.00 0.01
| Soatoq s 2 N0 damage: n=07, Vo= 4.V |: Upo niial bulk density 1£0.02 0.01 0.01
3 No damage: n=07, V ¢g VT, r) Ur Initial temperature 120.011 0.02 0.00
| 4 Damage: n=07, V ¢’9VEM+ v Usnii Avg. BKWS covolume 1+0.01 0.00 0.00
L4 Vented 5 Damage with vem n=0 Uvswell . -Swell volume 1£0.10 0.00 0.05
2000 | T | — | I 10 — Uuizon Initial adsorbed water 1£0.75 0.01 0.20
1.75 1.80 1.85 1.75 1.80 1.85 *37%TMD, vented, Ty, = 575 K, 1000/T = 1.74 K*!
1000/1' K_1 1 OOO/T K 1 *98%TMD, sealed, Ty, = 568 K, 1000/T = 1.76 K'

*Predictions show 20 LHS runs

Model options available for different scenarios. 98% vented is chaotic.




SITI: Effect of ullage )

Laboratories
Temperature Pressure Model Options
=== Model (PBX swells by temperature and gas generation) —— Model (PBX swells by temperature and gas generation) -3 Vg= ¢gVEM(T’ rg) ==14 Vg= ¢gVEM+ Vunage
650:‘“‘I““I““I““I““I““I‘“: 104 T T T T T T T T T T T T T T
I ] I ] K [ | P.’
s00F E - ] 600} psig
550:_ _: B b 550 f_ i 6000
< f ] o 109 . N ]
£ 500 3 S r f g
3 r h a ] S00F i
E I ] 2" : : E - 4000
& 450 E 5 | | 450 ]
aE> r 1 % r i
= 400 . = 103 . o ]
- ] a %% ] 400 2000
350 = - 1 350l |
300 ] il - do
6"“""‘2'0‘“"““4'0““"“‘6'0““7 101 AR INEAVENEN INUNUNATI SYRETAVEN SYRVEENE R S00F
. ; 0 20 40 60 120
Time, minutes Time, minutes Time, minutes
o LHS runs Importance Model Options
——r— 71— :
s E U,, correlated U_ mildly correlated T S s e S S 3
- £ n2 2 ull i E
6501 E 70§ r=-0.750 707 r=-0.381 3¢ Model Options L
F E El o~ = 2so0f VT dVe" Vi " 0 3
600:_ _E g . :.. ° GE; 200005— == Vg= ‘bgVEM(T’ rg) "' 4 _i
X 550F 54000 c e e Y S 2V~ &,VeulD) “ T~ .
r = (=24 c F s 1
) r 43500 = th' Jikg *. =2 o - - - Ave.of2&4 P 1
=} I 7 = - i
© S00F E R a0 0 <00 %8 05 1 1.8 € ooof A O D 3
[0] r 7 n R - i
g 450k 42500 &8 e ]
% E 32000 @ U mildly correlated U not correlation ] I 1
— wh2o0a y vswell
g 1.cn 3 707 70 E i |
400 41500 ¢ . =-0.339 e . r=0.251 5000k —
r E o E 0.. . .
350F E R gh oo . ) i |
g {500 £ e E i |
300 TN BT \ T BN BRI S \_: 0 l_%’* U o E’
10 20 _ 30 40 50 60 70 gl 58 200
Time, minutes 05 1 15 095 1 1.05 75 1.80 1.85 1.90

1000/T, K

Ullage effects are small in fast cookoff and larger in slow cookoff 14



Validation with ODTX data ) e

@ Hobbs @ PT*

’ Copper ring  ———  No Copper ring —
g d 85%TMD § D 92.5%T™MD - C 98% TMD d 85%T™MD € 92.5% TMD f98%TMD
=3
Il
g G PT i.’.‘ o PT calibrationruns | | "’. IIIIIIIIIIIIIIIII
L 3.5 | 1.000/.T | 2.:0 . AX|sma fare the same |

10]5777000/T 20 Axisinafarethesame i
*PT represents the Prout Tompkins model that was fit to ODTX data by Koerner et al. (2007) O bse rvah ons

*%
Data from Koemer etal. (2007) = Data compared to Prout-Tompkins (PT)

(#) opt plots del th F 4
- 85%TMD4) 3 a model that was fit to data.
Copperring —+ 925%TMD (5)3 b = Hoobbs.modoel assumes bylk expan5|o.n of
“5 L 98%TMD(8) 3 3% with 1% from aluminum expansion.
ODTX (1.8-2.0 9) *  Sandia model is better than PT model for
- 85%TMD(3) 3 d 92.5 and 85% TMD runs.
No copperring 1= 92.5%TMD (3)3 € =  Sandia model is as good as PT model for
L 98%TMD (6) 3 f

98% TMD runs for Tsp > 510 K.

ODTX has tight volume tolerances because of small sample sizes. 15




Variability of ODTX predictions ) i,

Sealed Leaked

Uniform

O ODTX with copper seal O ODTX without copper seal |:| ODTX with copper seal [0 ODTX without copper seal AODTX with copper seal 'V ODTX without copper seal
105 E\ \] L \l\ T \] L \l\ L \] L \l\ L \] L \l\ L \E 105 E‘] rrrrrrrrrrrrrrrrr T T T T T T T T T T T ‘E 105 E\ T \l\ T \l\ T \l\ T \l\ T \l\ T \l\ T \l\ T \l\ T \7
z z z o m ] z ]
o | | o | A | |
-~ 104 F E -~ 10°F E "1104? 3
< E ] o E ] c 8 ]
Qo ] Qo ] o | ]
= I ] = L Nt ] = 3 N o

c c c

D 10°F E D 10°F E O 10°F E
2 = 1 e | |
o | ] o | . o | 1
£ 102l . E 102} E € 107F E
= F ] =t ] = 85%TMD ]
L 98%TMD ] B 925%TMD ] L Lines are 20 LHS runs with ]
| Lines are 20 LHS runs with | | Lilnes are 20 LHS runs with | 3 different model options.*
10 HlHHl‘H‘IH‘‘lHHl‘‘‘d‘iflfe‘re‘n‘tr‘ﬂlO("Je‘l‘OF‘)t‘iO‘I’}‘S}‘H 101\l\\\\l\\\\l\\\\l\\\\l\\\?Irfr?vtmoeﬁlf?t;?nf.\\ 101\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\

1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00

1000/T, K- 1000/T, K 1000/T, K-
*Options 2, 3, and 4 give the same result since V, is limited by available ullage. *Options 2, 3, and 4 give the same result since V_is limited by available ullage. *Options 2, 3, and 4 give the same result since V_is limited by available ullage.
The available ullage (gaps plus aluminum expansion) is about 3% of the PBX . The available ullage (gaps plus aluminum expansion) is about 3% of the PBX . The available ullage (gaps plus aluminum expansion) is about 3% of the PBX .

Data and pictures from Koerner, J., Maienschein, J., Burnham, A., Wemhof, A., “ODTX measurements and Simulations on Ultra All variability in vented ODTX comes from
Fine TATB and PBX 9502,” North American Thermal Analysis Society 35t Annual Meeting, East Lansing, MI, 2007. monofurazan formation (r =099 r2=0 97)

Confinement effects are small. PBX might be self sealing.




SNL/LANL collaboration on PBX-9502 ().

Model developed with Model validated with
Small-scale experiments large-scale experiments

O] L 1|
R o —n
SRS RSN £ 0 N ——
T
%g’/ﬁ%’; y R e — b

s N
%l
b 5'5"5557?'@7'
R s-<.$$=‘i:"‘=‘<'€~'3:
. Ve e e B | e e S e
Kaneshige & Hobbs, SNL (FY13) SRR Zo NSNS
P

Symbols (data), Lines (model) )
1083 — A T Parker et al., LANL (FY13)
g ® Test Ballast’ - Model (LANL)” Model (SNL)®
£ 5 1 No h46m 4 h43 m (-30%) 6 h 20 m (-6%)
g ;E,- el | 2 Yes 4h17 m(-30%) 9h32m (-3%)
= E | ] 5 No I 4h26 m (-29%) 5h 30 m (-12%)
2 5 6 Yes 4h0m(-57%) 6h 23 m (0.6%)
& E ? The ballast is a 500 mL reservoir attached to the experiment.

® The LANL did not include the effect of pressure.

101 . M T —
17 18 1.9

1000/Tp

¢ The Sandia model includes pressure dependent reactions.

Aviles-Ramos, T. (W-13) Los Alamos ran Sandia model and presented these results at the
SNL-LANL working group meeting, July 22, 2013. SNL results presented at 15t Det. Symp.

Pressure dependent model accurately simulates data from 3 laboratories |,



Validation with ISCB data

No ballast (2) 3

- (11 cc ullage)
- Los Alamos Sealed
NATIONAL LABORATORY Ba”aSt 2
ISCB (1312 g) = 97.2% TMD — (530 CC)( ) 3,4
- Vented (2) 3,5
17 w T T T w T ‘ T ] 'IOS: T T T T w T ‘ T ]
: X f
a [ {1 E‘ij ,
Q 7 1 ] [H |
5 : | £ \\astf
= 0—.—.—, <0} No balle>"
—~ | Ballast ] ke ]
o | No ballast £
o[ ] o
-11.82 1.;34 | 1-;36 | 1-;38 | 1-190 | 1.92 1(%3.82 | 1.184 | 1.;36 | 1.;38 | 1.190 | 1.92
1 OOO/Tznd plateau 1 OOO/Tan plateau
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Questions for Temo

Was model run with
option 3 for all the
sealed tests?

Did you run option 4 for
the tests with ballast
(runs #2 and #6)?

Could your run the
model with options 3
and 5 for the two
vented tests (#3 & #4).

Could you run the PT
model for all of these
cases?

Do you want to be the
lead author or should |
be the lead author on a

journal paper?
J pap 18




LHS analysis of ISCB experiments

Centerline & Boundary Temp.

700.0 ~

650.0 -

600.0 -

; 550.0 —

500.0 -

Temperature, K

450.0 —

400.0 —

350.0 -

300.0 -

. . . .
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Important parameters affecting uncertainty

Pearson's correlation coef., r?

ISCB ODTX SITI
Symbols Multiplier Value 1 2 5 6 Vent (Vent Sealed
Upy Vol. expansion 1+0.03 0.02 0.02 002 0.02 0.00 001 0.01
Uc Bulk specific heat 1+0.05 0.01 0.00 0.02 0.04 0.00 000 0
Uni Reaction 1 enthalpy 1+0.01 0.00 0.00 0.00 0.00 0.00 000 0
U, Jkg  React. 2 ent. (range)  0+£8.6x10° 0.00 0.58 0.01 0.54 0.97 098 0.56
U Reaction 3 enthalpy 1+0.01 0.02 0.01 002 0.02 0.00 0.00 0.02
Uns Reaction 4 enthalpy 14+0.01 0.00 0.00 0.00 0.06 0.00 000 0
Uy Thermal cond. 1+0.05 0.03 0.00 0.03 0.02 0.00 0.01 0
Upo Initial pressure 1+0.01 0.00 0.00 0.00 0.05 0.00 0.00 0
Un Reaction rate 1 1+0.05 0.00 0.00 0.00 0.06 0.01 000 0
Up Reaction rate 2 1+0.05 0.07 0.14 0.07 0.00 0.00 0.02 0.15
Us Reaction rate 3 1+0.05 0.00 0.01 0.00 0.00 0.00 000 0
Uy Reaction rate 4 1+0.05 0.01 0.02 001 0.05 0.01 0.00 0.01
- U Initial bulk density 1+0.02 0.00 0.00 0.00 0.01 0.01 0.01 0.01
Ur Initial temperature 1+0.011 0.00 0.01 0.00 0.03 0.02 0.02 0
Usniki Ave. BKWS covol. 1+0.01 0.00 0.00 0.00 0.02 0.00 000 0
U vswen Swell volume 1+0.10 0.00 0.00 0.00 0.01 0.00 0.00 0.06
Uwh2oa Initial ads. water 1£0.75 0.89 0.18 085 0.00 0.02 0.01 0.12

Unconfined high density ISCB experiments
were bounded by model options 3 and 5,
similar to the SITI experiments.
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Does the model scale? Yes.
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9502 vented systems or
systems with large
ullage. However,
model options 3 and 5
bracket the ignition
times.
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Summary and Conclusions

* The effects of confinement on decomposition
of a plastic bonded explosive containing TATB
have been studied both with experiments and
models.

* Ignition time depends on the density and the
degree of confinement of the PBX.

* For low density PBX, the decomposition gases
permeate through the explosive and mix with
the ullage gases within the confining apparatus.

* For high density pressed PBX, the
decomposition gases are retained within the
explosive. Periodically the high pressure gases
vent from the PBX by cracking, spalling, or some
other damage mechanism. The release of the
trapped gases is associated with temperature
excursions and acoustic noise.
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