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Abstract. An ALE3D thermal-fluids model was developed for Comp B (63% RDX, 36%
TNT, 1% wax) and applied to a Scaled—Thermal-Explosion-eXperiment (STEX) with
slow heating. Solubility and viscosity models were developed for a well-mixed RDX-
TNT slurry. Chemical kinetics parameters for a one-step Prout-Tompkins model were
obtained using One-Dimensional-Time-to-Explosion (ODTX) measurements and a non-
linear regression routine. In the application of the thermal-fluids model, the strong
convection of mass, momentum, and energy was reduced at high temperatures and
associated low slurry viscosities to make the simulations numerically tractable. The
ODTX thermal-fluids simulations show that in the fast experiments, flow reduces
explosion times and self-heated liquid rises to the top of the cavity and ignites. The
STEX model shows that flow leads to a small delay in the explosion time and ignition
near the top of the vessel. Model comparison with STEX thermocouple measurements,
suggests RDX settles in the slurry to form a solid-like material in the lower portion of the
vessel and a more fluid material above.

Introduction thermal transport and multi-step kinetics to
represent Comp B ODTX measurements (see Fig.
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An ALE3D cookoff model was used to
simulate the thermal, chemical, and mechanical
behavior during the heating and explosive phases
of a Comp B STEX experiment (TE-012* (see
Fig. 2). Although the model provided a
satisfactory  prediction for the explosion
temperature, it did not capture some of the fluid-
like behavior seen in an internal thermocouple
trace.
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Fig. 2. STEX layout and boundary conditions.

Here we model the buoyancy-driven flow,
thermal convection, and species transport along
with chemical decomposition in this same Comp B
STEX test using capabilities recently added to the
ALE3D modeling framework®. The effects of flow
are explored and results for explosion time and
temperature fields are compared with ODTX and
STEX measurements.

ALE3D Thermal-Fluids Model

An ALE3D thermal-fluids is being developed
to model the flow, thermal, and species transport,
along with chemical decomposition in cookoff.
The model composition is taken to be 64% RDX,
36% TNT, with the wax neglected. In this
incompressible flow model, a single reactant
decomposes into a product species with the same
material  properties. Gases generated by
decomposition and evaporation are assumed to
move rapidly to the top of the HE vessels and not
influence the flow and decomposition. This
relatively simple model allows the effects of flow
mechanics to be more readily investigated.

RDX Solubility in TNT

The solid-liquid phase behavior has a strong
influence on the viscosity of the mixture. TNT
melts at 81°C and forms a slurry with RDX
particles (see Fig. 3). RDX dissolves in the liquid
as the temperature increases towards the RDX
melting point of 205°C.

For model development, solubility
measurements’ are extrapolated from near the
eutectic point to the RDX melting point using the
following expression for the liquidus weight
fraction (see Fig. 3 and Table 1):

®=ay+ alT* + azT*2+ 213T*3 @)
T* = (T'Tmp,TNT)/ (Tmp,RDX'Tmp,TNT) (2)

Here it is assumed that no intermediate compounds
are formed and that the mixture is at equilibrium.
These assumptions are less valid as the
temperature and decomposition rate increase. One
important consequence of Eq. (1) is that the 64
wt% RDX in the Comp B is completely dissolved
in the liquid at a temperature of 185°C.
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Fig. 3. Model RDX-TNT phase diagram.
Heat of Dissolution and Thermal Properties

Differential Scanning Calorimetry (DSC)
curves for Comp B, RDX, and TNT are used to
help assess the solubility curve (Eq. (1)) and
estimate the heat of dissolution (see Fig. 4). The
DSC curves give the heat flow resulting from
phase change and decomposition as the samples



are heated at 10°C/min. The Comp B and TNT
peaks at 81°C show the endothermic heat flows
associated with the melting of TNT in the Comp B
and TNT samples. The RDX curve shows two
peaks at 190 and 200°C, which are likely related to
the B — § phase transition of contaminant HMX
and the RDX melting.

Table 1 Comp B material parameters

Par. Value Par. Value

a0 0.0426 Tmprox | 81°C

al 0.0753 Topnt | 205°C

a2 0.1340 AHg, 1.05x10° J/kg RDX

a3 0.7474 Chp ot 1780 J/kg-°C

0o 0.827 k 0.246 W/m-°C
T, 3388 K | In(uy) | -13.74 Pa-s

1 Po 1690 kg/m’
n 1 dp/dT | -0.675 kg/m*-°C
To 478K | ER 27,000 1/K
P 6 In(A,) | -2.801/s

AHn, | 5.02x10%0/g

The Comp B shows a heat of dissolution as
the temperature increases from 90 to 185°C. An
estimate for the heat of RDX dissolution was
calculated as 67 J/g of Comp B (105 J/g of RDX
dissolved) based on the area under the curve. For
this estimate, the baseline was aligned with low
temperature measurements between 45 and 60°C
and included a heat flow area between 90 and
110°C consistent with the above solubility data
(see Fig. 3). The baseline was adjusted so that the
integral of this heat flow relative to the total heat
of dissolution matched the fraction of RDX
dissolved.

Although replicate runs yielded heats within 1
J/g, the results are quite sensitive to the placement
of the baseline and have uncertainties greater than
10%. One contribution to this uncertainty is the
overlap between the dissolution region and the
exothermic decomposition region at temperatures
above 185°C. Finally, it is noted that this value of
105 J/g of RDX dissolved is less than 161 J/g for
the RDX heat of fusion'.

A model heat flow curve for dissolution of
RDX in the Comp B sample was calculated based
on Eq. (1), a constant value of 105 J/g of RDX
dissolved, and the assumption of instantaneous

equilibrium (see Fig. 4). The model and measured
Comp B heat flow are similar at lower
temperatures, but diverge near the temperature of
185°C for complete dissolution.
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Fig. 4. DSC heat flows for Comp B, RDX, and
TNT at a ramp rate of 10 °C/min.
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Finally, it is observed that the DSC curves for
RDX and TNT cannot be combined simply to give
the Comp B curve. The RDX in Comp B
dissolves at temperatures below 185°C rather than
melts all at once 205°C (see Fig. 4). Also, the
Comp B decomposes in a single peak rather than
in two separate peaks as would result from the
simple combination of the RDX and TNT curves.
Thus, separate RDX and TNT decomposition
reaction sequences cannot be simply combined to
give the Comp B behavior.

For this initial thermal-fluids model, the heat
of solution 67 J/g, a TNT heat of fusion of 94 J/g,
and the average sensible heat of 1.24 J/g-°C were
combined into single average heat capacity (see
Table 1). The temperature range for averaging
was 20-205°C. A single average thermal
conductivity was also assigned for this temperature
range.

Model density curves are shown in Fig. 5 for
Comp B, RDX, and TNT. Comp B is treated as an
ideal material in which the densities are simply
combined with no density change of mixing.
However, it is likely that the TNT liquid with
dissolved RDX would have a higher density than
the simple combination of the solid RDX and
liquid TNT densities used in this study.

In this thermal-fluids model, we use a model
with linear temperature dependence, which is fit to
the densities in the solid-liquid region between 81
and 205°C (see Table 1). We employ the



Boussinesq  approximation in  which  the
temperature-dependent density p is used in the
buoyancy driving force term, but is constant at the
20°C value of pp=1.69 g/cm’ in all other terms.
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Fig. 5. Model density for Comp B, RDX, and TNT
Viscosity

A viscosity curve for the slurry and all-liquid
phase was developed for a well-mixed Comp B
slurry sample at the bulk composition (see Fig. 6).
Measurements at three temperatures were made by
Nunez et al.” between 85 and 135°C. The one-
parameter Mooney equation®, developed for a
suspension of spheres, was used to represent the
viscosity of the slurry:

et/ Ls=eXp[2.5¢/(1- ¢/dg)] 3)

in which ¢ is the solid volume fraction, ¢ is the
value at maximum packing, and the pg is the
temperature-dependent RDX-TNT solvent
viscosity. ¢ is calculated as a function of
temperature using the solubility curve (Eq. (1))
and the density curves of Fig. 5 at the bulk
composition. The solvent viscosity is estimated
from viscosity measurements of TNT’ and the
following expression

us= pso exp(T/T) 4)

The parameter ¢ was adjusted to give the best
representation of the measurements’. The
resulting slurry viscosity decreases by a factor of
1000 from 81 to 185°C. Note that the viscosity
curve (Eq. (3)) can be applied at other
compositions, or with sedimentation models, since

it is only a function of ¢, and has no explicit
dependence on temperature.

Volume fraction solid (%)
58 57 55 50 35 0

= T T T L
10 Comp B 3
measurement
—~ 1F Comp B 3
< model 3
€ /
g 0.1 F Comp B r
‘% model 10X 3
g 0.01F .
> wr—"
0.001 k measurement ~ TNT model n
Comp B model
1 1 1 1 I
50 100 150 200 250

Temperature (°C)

Fig. 6. Measured””’ and model Comp B and TNT
viscosity curves.

Chemical Decomposition
The decomposition of the Comp B is

represented by a single-step Prout-Tompkins (PT)
Arrhenius expression

—=-A exp|—| ——— - qw
i I"R\T T, K
in which

o = mass fraction of reactant
A, = frequency factor

E = the activation energy

R = universal gas constant

T = temperature

T, = reference temperature
n, m, q = kinetics parameters

It is also convenient to define

p=-logo(1-9) (6)

The parameters E/R, A, and p were adjusted
with m=n=1 to fit ODTX measurements as
described below. The parameter p generates a
characteristic time delay for the reaction of the
scale p/Ag for m=n=1. The parameter m has a
strong effect on reaction progress in the early
stages of the reaction when ®~1, while n is



important for progress during the later stages of
the reaction when @~0.

The measured ODTX explosion times in this
study provide data for the end time of thermal
decomposition, but no information related to the
earlier progress of the reaction. Consequently, we
set m=n=1. Finally it is noted that most ODTX
reactions do not progress very far with ©<10%
before thermal runaway, ignition, and explosion.

Species Diffusivity

Although the reactant and product species are
taken to have identical properties, the mass
diffusivity Dap is important for two reasons. First,
the inter-diffusion of the reactant and product
slows the reaction rate Eq. (5), which can be seen
when it is written in an autocatalytic form.
Second, liquid diffusivities are of the scale 1x107
cm?/s® and sufficiently small to generate numerical
instabilities for the flows of this study. Here the
mass diffusivity is set at constant values large
enough to avoid these instabilities as is described
in the next section (see Table 2).

Table 2 Characteristic quantities and dimension-
less groups for ODTX and STEX simulations

ODTX STEX
T (°C) 220 155
D (cm) 1.27 5.08
p (g/cm’) 1.69 1.69
u (Pa-s) 1.04x107 | 3.42x10~
Yo (s/cm) 4.07 4.07
Kow=k(1+ y,v) (W/m-°C) | 0.376 0.446
C, (J/g-°C) 1.78 1.78
D (cm’/s) 1x10~ 5x107
v (cm/s) 0.13 0.20
Re=pvD/p 2.68 2.51
Pe,= pCpovD/ky, 132 343
PeD:VD/DAB 165 102

Numerical Strategies
Thermal-Fluids

ALE3D™"" was used to solve the 2D
axisymmetric time-dependent (1) mass and
momentum equations for incompressible flow, (2)
thermal and species transport equations, and (3)

the decomposition reaction Eq. (5). The velocity,
temperature, and species profiles were represented
by linear finite elements and the time integration
method employed implicit and explicit terms. A
fast iterative solver, GMRES, was generally used
to solve the matrix, but a full-matrix
decomposition was performed for some of the
most  challenging  high-temperature ~ ODTX
simulations.

Since the time integration strategy included an
explicit component, a Courant condition was used
to limit the time-step size in order to maintain
stability and accuracy:

At =Co0 AX /Viax @)

Here At is the time-step size, Ax is a characteristic
element dimension, and v, is the maximum flow
speed. The Courant number, Co, was set at a
value of 0.1.

Several strategies were employed to handle
the strong flows, thermal, and species convection,
combined with the multi-hour cookoff times in the
STEX and longer ODTX experiments. In order to
keep computational times manageable in terms of
the number of time steps, viscosities at the higher
temperatures were increased by 10X (see Fig. 6) to
reduce the flow velocity and increase the time-step
size following Eq. (7).

In order to maintain numerical stability for the
thermal convection of this low diffusivity
explosive of this study, a term with coefficient v,
was added to the standard conduction term to
provide additional thermal diffusion in the flow
direction where it is needed'*:

q=-k(8+ vy, vv/Iv])VT ®)

Here q is the heat flow vector, v is the velocity
vector, |v| the magnitude, and & is the unit tensor.
The added thermal diffusion in the flow direction
is zero for a liquid at rest, and increases linearly
with the flow velocity. There is no added
diffusion in the direction normal to flow. It can be
shown the Peclet number, a dimensionless
measure of convection, approaches a maximum of

Pe = pC,D/(ky,) ©



In order to avoid spurious oscillations in a 1D
steady-state convective-diffusion problem with
linear finite elements

Pe <2n, (10)

Here n, is the number of zones in the flow
direction'”. Although this same algorithm will
soon be implemented for species transport, the
mass diffusivity Dag was increased by trial and
error to a level where numerical stability could be
achieved (see Table 2).

Since the number of time steps ranged from
10° and 10° for the multi-hour ODTX and STEX
simulations, respectively, meshes were kept
relatively coarse. For the 2D ODTX, meshes had
between 864 and 7776 elements, while the STEX
meshes had between 2640 and 5997 elements.

Chemical Kinetics Parameters by Regression

The kinetics model parameters were
determined by applying non-linear regression with
the reaction (Eq. (5)) and the 1D heat conduction
model for the ODTX. For ODTX modeling, the
parameters Ay, E/R, and p are adjusted with
m=n=1. The value for the reference temperature
T,-205°C was selected to be in the middle of the
temperature range to make the changes in the
parameters Ag and E/R as orthogonal as possible.

The nonlinear regression is performed using
the Frontline Solver routine with a VBA function
incorporating an efficient solution algorithm for
the 1D thermo-chemical model. A second-order
finite difference method was employed in space,
and a Trapezoid Rule with automatic step-size
control was used for the time integration. Coarse
uniform meshes with as few as
20 zones were sufficient to obtain accurate
explosion times in the simulation of multi-hour
experiments, whereas meshes with as many as 400
zones were needed to resolve the behavior in thin
boundary layers for short experiments of the scale
10 seconds.

ODTX Measurements and Model
The influence of flow on Comp B ODTX

results is explored using the above thermal-fluids
model and numerical strategy (see Fig. 1). In Fig.

7, the measured explosion times are plotted versus
temperature for the Comp B sample of interest.

Chemical Kinetics Parameters from ODTX

First the chemical kinetics parameters in Egs.
(5) and (6) were determined using the 1D thermo-
chemical model with no species diffusion and the
above non-linear regression procedure.  The
parameters Ay, E/R, with m=n=1 and p=6 were
adjusted to give the parameters in Table 1 and the
explosion times in Fig. 7. The value for p was not
allowed to go higher than 6 in an attempt to avoid
possible difficulties with numerical noise in the
second bracketed “delay” term of Eq. (5). This
delay term is very small at the beginning of
decomposition.
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Fig. 7. Model and measured ODTX explosion
temperatures for Comp B.

The resulting 1D thermo-chemical model with
PT kinetics provides a fair representation, but does
not capture the curvature of the explosion time
measurements (see Fig 7).

The effect of convective flow and species
diffusion in the ODTX system is evaluated with
the 2D axi-symmetric thermal-fluids model. As
mentioned above, the high temperature liquid
viscosities were increased by as much as 10X (see
Fig. 6) to make the simulations computationally
tractable by reducing the flow velocities and
number of time steps, following the Co condition
(Eq. (7)). Thermal diffusion was applied in the
flow direction using Eq. (8) to maintain numerical
stability in the presence of strong thermal
convection. The value of y, in Table 2 was used to
keep the maximum Pe no. below the value of 400



based on Eq. (9). For the species diffusivity, a
value of 1x10” cm?®/s was selected to maintain
numerical stability, which is approximately the
same as the thermal diffusivity of 8.2x10™ cm*/s
calculated from properties given in Table 1.

The 2D thermal-fluids explosion times are
compared at five temperatures in Fig. 7 with the
measurements, 1D results with no diffusion, and
2D results with diffusion and no flow.

At the lower temperatures between 182 and
205°C, all of the models give nearly the same
explosion times. There is good agreement with
measurement at 205°C, but large differences at the
lowest temperatures. The similarity of the model
results indicates that flow and species diffusion
have little influence on the explosion time at the
lower temperatures. For all of the models, the
Comp B reaches the boundary temperature after
approximately 300 s, which is of the same scale as
the thermal diffusion time

t,= R*a. = (0.635 cm)*/(8.2x10™ cm’/s) = 492's

After this initial heating phase, the Comp B stays
at a uniform temperature for hundreds of seconds
until self-heating occurs. These cases with long
explosion times are particularly useful for
understanding chemical kinetics, since the effect
of transport processes is relatively small. It is also
noted that coarse meshes with 25 elements in a
coordinate direction can be used since gradients in
flow, temperature, and concentration fields are
small for much of the simulation.

At the highest temperatures of 220 and 239°C
and the shortest explosion times, the influence of
flow and transport is strong. Comparing the model
explosion times for the no-flow cases with (2D)
and without diffusion (1D), shows that inter-
diffusion of the reactant and product increases the
explosion times by more than 2X. The addition of
diffusion gives no-flow explosion times higher
than the experimental values.

Comparing the 2D flow and no-flow cases
with diffusion shows that the effect of flow is to
reduce the explosion times by ~2X at 220 and
239°C. Thermal convection of the Comp B near
the anvils increases the rate at which the Comp B
is heated, leading to the smaller explosion times.
These results are in approximate agreement with
the measurements.

Buoyancy effects also cause the self-heated
liquid to rise and ignition to occur near the top of
the cavity (see Fig. 8) in contrast to the no-flow
case, which ignites in a ring near the boundary.

It is noted that in order to resolve the strong
gradients in thin boundary layers, we used the
finest meshes with grading and as many as 80
elements in a coordinate direction. A 50%
increase to this number of element changed the
explosion time by less than 5% at the highest
temperature of 239°C.

Fig. 8. ODTX temperature and velocity fields for
flow and solid models with diffusion at 220°C.

For the wall temperature of 220°C, the flow
intensity and strength of thermal and species
convection is indicated with the calculation of the
Reynolds and Peclet numbers shown in Table 2.
Here the 10X viscosity at 220°C was employed
(see Fig. 6) along with the streamwise diffusivity
at the characteristic velocity of 0.13 cm/s. It is
seen that the simulated flow is laminar with
Re=2.68, which is less than a characteristic
laminar-turbulent transition value of 1000. The
thermal and species convection is strong with Pe
values 132 and 165, respectively. The meshes are
of the size needed to handle the flows since the Pe
nos are of the same scale as the number of
elements in a coordinate direction (see Eq. (10)).

STEX Measurements and Model



The above thermal-fluids model for Comp B
was applied to a STEX test TE-012° (see Fig. 2).
A 646 g charge of Comp B was poured into a 4130
steel vessel with a diameter of 5.08 cm, length of
20.32 cm, and wall thickness 0.406 cm.
Approximately 10% ullage at room temperature
was included to allow thermal expansion without
pressure burst prior to ignition. The 2 kbar
confinement was maintained using metal O-rings
bolted between flanges. Three radiant heaters
spaced at 120° provided the energy to heat the
sides of the while two independent resistance
heaters were used to heat the top and bottom
flanges of the assembly. The temperature fields
were measured and controlled as described below,
and the violence was characterized with strain
gauge and radar measurements.

The temperature was measured at five internal
locations using a probe and many external
locations using RTDs (see Fig. 2).  Three
Proportional-Integral-Derivative (PID) controllers
were used to keep thermocouples at top (Tgetop),
bottom (Tsetpot), and side (Tge) locations near their
set-point values. In this test, the final ramp rate
was 1°C/h, in which Ty poe and Tyerop Were kept 4
and 9°C lower than Ty, in an attempt keep the
ignition point near the center of the vessel. The
top temperature was kept the coldest to counter the
higher outside air temperatures near the top of the
vessel, resulting from free convection.

The 2D thermal-fluids model is applied with
the boundary conditions of Fig. 2. No ullage is
included in this incompressible flow model since
Comp B likely expanded to fill the initial gap at
the measured ignition temperature Ty =160°C
based on the density changes shown in Fig. 5. The
thermal boundary model included the above three
PID temperature controllers along with air heat
transfer ~ coefficients'*. The heat transfer
coefficient along the side of the vessel decreases
with elevation to account for heating of the air as it
rises. In order to save computation time, the
model set-point point Ty was increased from 20 to
150°C in one hour in contrast to the 1°C/h ramp
from 130°C used in the experiment (see Fig. 2).

Model flow and temperature fields for the
STEX experiment show the effects of strong
thermal convection and buoyancy during the ramp
(Ts=155°C) and just before ignition (T =168°C)
(see Fig. 9). At Ty =155°C, the large temperature

gradients and flow velocities of the scale 0.2 cm/s
indicated strong thermal convection as the warm
liquid near Ty rises towards the top flange at the
cooler temperature of 146°C. The cooled liquid
sinks along the axis of symmetry. Although all of
the Comp B is molten, the flow is considerably
weaker in the lower half of the vessel since cool
liquid near the lower flange (Tseepot =151 °C) does
not tend to rise.

Solid

Fig. 9. STEX temperature and velocity fields for
flow and solid models.

The calculation of the dimensionless groups
in Table 2 shows the flow intensity and strength of
thermal and species convection. Here the 10X
viscosity at 155°C was employed (see Fig. 6)
along with the streamwise diffusivity at 0.2 cm/s.
It is seen that the simulated flow is laminar with
Re=2.51, and the thermal and species convection
is strong. The meshes are marginal since Pe, is
larger than 20, the number of elements in a
coordinate direction (see Table 2 and Eq. (10)).

Near ignition, liquid is heated rapidly by
decomposition and rises to the top of the vessel
where it ignites (see Fig. 9). In contrast results for
a 2D solid model show self-heating and ignition
near the center of the vessel. In the solid model
buoyancy forces cannot drive hot material
upwards.

Temperatures at three internal TC locations
are compared in Figs. 10, 11, and 12 for the
experiment, the solid model, and flow model,



respectively. The internal TC measurements at
Tupr, Tmige» and Ty, show self-heating as the
temperatures rise above the side set-point
temperature Ty until ignition at T ~=160°C.
Measured temperature rises at the center location
Tmia are the largest and show a very smooth
increase relative to T over the last 10 h.
Measurements at the lower location Ty, also show
a smooth rise, but lag due to initially cooler
temperatures. Measurements at the upper location
Ty are similar to Ty, until Ty=152.5°C. Then
Ty measurements approach and follow the T
ramp with fluctuations, until a large increase about
5 minutes before ignition. Although both T, and
Thmiq are at similar temperatures of 208°C just prior
to ignition, the rapid rise of Ty, suggests ignition
near the top of the vessel.
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Fig. 10. STEX thermocouple measurements for
Comp B.

It is seen that 2D solid model temperatures at
the Tngq and Ty, locations exhibit somewhat
similar behavior to the measurements (see Fig.
11). Although the solid-model self-heating and
ignition occur later when the set-point Ty is 7°C
warmer at 167°C, the smooth temperature rises are
observed with the largest increases at the center.
However, near ignition, the solid model upper T
also shows a smooth temperature increase relative
to T This behavior is very different from the
Ty measurement, which fluctuates and follows
T until the sharp rise in the last 5 min before
ignition. These results suggest solid-like behavior
in the middle to lower regions of the vessel, but
flow and mixing in the upper portion for the
vessel.

A 1D solid model without diffusion gives
ignition at a lower temperature of 166°C,

indicating that diffusion and axial heat flow in the
2D solid model slow the rate of self-heating.

For the 2D flow model, the internal
temperatures Ty, Tmig, and Ty, are all 3°C below
Tt until one hour before ignition (see Fig. 12).
During this final time period, Ty, rises rapidly due
to self-heating and ignition occurs near the top of
the vessel (see Fig. 9). Although this flow model
does not capture the solid-like thermal self-heating
behavior for Ty and Ty, the flow model curve
for Ty, shows the movement of the hottest liquid
towards the top of the vessel similar to the
experiment.
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Fig. 11. Temperature predictions for STEX 2D
solid model with diffusion, and 1D model without
diffusion.
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Fig. 12. STEX 2D flow model temperature
predictions.

One possible explanation for the solid
behavior in the middle (T4 to lower portions
(Tyy:) for the vessel and more fluid-like behavior
in the upper portion (T,,) of the vessel is RDX
particle settling during casting and the thermal
ramp. The settling of higher density RDX
particles in the liquid would increase the volume
fraction of solid and slurry viscosity (see Fig. 6) in



the lower portion of the vessel and leave a more
fluid mixture in the upper portion of the vessel.

Finally, all of the model explosion
temperatures occur at values of Ty, which are
between 6 and 8°C larger than the measured time
of 160°C. The lowest model explosion
temperature is 166°C for the 1D solid model,
which has no species diffusion and only
conduction in the radial direction at the axial mid-
plane. The explosion temperature for the 2D solid
model with diffusion is slightly higher at 167°C,
which is followed by 168°C for the 2D flow
model. Mesh refinement results for the 2D flow
model give explosion temperatures within 0.2°C of
the above results. L.

Despite the dramatic differences in the

temperature fields (see Fig. 9), flow and diffusion
do not seem to have a strong effect on explosion
temperature in this slow cookoff experiment. This
suggests that one important contribution to the
differences between measured and model
explosion times is the chemical kinetics model.
Another possibility is that settling of the more
thermally sensitive RDX particles to the warm
center of the vessel might lead to faster
decomposition and lower explosion times in the
experiment than the models with uniform RDX
distribution.

Conclusions

An ALE3D thermal-fluids model including
decomposition and species transport was applied
to the cookoff of Comp B in ODTX and STEX
experiments. Models for solubility and viscosity
were developed for a well-mixed slurry of RDX
particles and saturated liquid. The parameters for
a one-step Prout-Tompkins kinetics model were
determined from ODTX measurements using a
regression  procedure. For faster ODTX
experiments, the thermal-fluids model shows that
flow transports energy rapidly into the HE and
decreases the explosion time. In contrast STEX
simulations show a small increase in explosion
temperature with flow. For both STEX and
ODTX simulations, buoyant self-heated liquid
moves the ignition location toward the upper areas
of the HE.
internal thermocouple measurements suggests
RDX settling forms a highly viscous region in the

Finally, comparison with STEX 6.

lower portion of the vessel and a more fluid
material above.
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