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1 Instruction

The weapon and ammunition can usually be heated by the unexpected thermal source.The thermal
source can be self-produced, as in the center of a well-insulated, large volume of energetic material, or
it can arise from an external event such as a fire. As a rule, the process is called “cookoff ”. The
heating can be rapid or very slow, or anything in between. The energetic material can be
homogeneous, or it may have been damaged, either through thermal expansion and chemical processes
or mechanically.

The cookoff refers to any situation in which bulk explosive is heated either directly to ignition
(sometimes referred to as fast cookoff) or to a temperature at which relatively slow exothermic
reactions eventually generate heat faster than it is removed by dissipative transport processes, leading
to self-heating to ignition (slow cookoff). These events split naturally into two quite distinct stages,
with different timescales and dominant physics and chemistry. During the preignition (heating) stage,
which may last from seconds to days, external heating of the explosive leads to relatively slow
processes such as phase changes, slow mechanical and chemical damage, and largely solid-state
chemical decomposition. At some point, ignition occurs, by which we mean a transition to faster, and
generally much more exothermic, gas-phase chemistry. If the explosive is confined, high
pressurization rates will result, with accompanying high-strain-rate deformation of both the explosive
and the confinement, and the possibility of compaction and shock wave formation that may lead to a
transition from deflagration to a higher order event such as detonation. The post-ignition event may be
over in milliseconds or even in microseconds, and is complicated considerably by the thermally
damaged state of some or all of the explosive charge[1]. So the process of the cookoff of the weapon is
very complicated and the research for the thermal stability of the weapon such as the missle is very
important.

The research method of explosive cookoff includes mainly the cookoff experiment and numerical
simulation. In 1987, American designed the fast cookoff test , in which the fuel was aviation kerosene
and the explosive was subjected to external fire. The cookoff violence was judged by witness plate ,
fragments size and temperature of the bomb[2]. In 1991, Nakost et al. made cookoff test s in the
enveloped and unenveloped pool fire. The surface temperature and heat flux were measured. They
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indicated that the cookoff test in unenveloped scene approached to the reality condition[3]. In 1999 ,
Sumrall carried out the large scale fast cookoff test on insensitive explosive(TE-T7005) , in which the
flame temperature was measured[4].The results showed that only burning reaction occurred.
Heretofore, only USA has made such large scale fast cookoff experiments. In 2005,Ren Yan simulated
fast cookoff experiment for JB9014 explosive , in which propellant was used as fuel and the flame
temperature can reach more than 2000K[5,6].

In the paper, the numerical simulation of the thermal response of the bombs with PBX-2
explosive on fire were carried out by means of FLUENT program, in which the charge size are
¢25mmx50mm andeS0mmx100mm. The PBX-2 is comprised about 87% by weight of HMX crystals,
about 7% by weight of TATB crystals, about 4.2% by weight of polymeric binder and 1.8% by
weight of antioxidant stabilizer. The calculating condition of fire was proofreaded by the experiment.
The time to ignition,the location of the ignition and the ignition temperature are obtained. The law of
the explosive was analysed. The results of the simulation show good agreement with that of the
expeiments.

2 Confirming parameters for model

According to the test results[7,8], the explosive parameters, thermal capacity, thermal
conductivity,the activation energy and frequency factor are confirmed by repetitious calculation, as
well as the mass flow rate(kg/s) of the combustion gases in simulations.

3 Numerical simulation

Figure 1. shows the schematic geometry of cookoff model. The flame of fuel was considered. The
diameter of model domain is 2000 mm and the length is 1500 mm. The domain includes the bomb,oil
pool and air.The high temperature combustion gases were ejected into the calculating domain from
the mass flow inlet.And the cookoff bomb was heated by the combustion gases.

bomb

L

Figure 1. Schematic geometry of cookoff model

The model domain was symmetric cylinder. The half model of the domain was set up to decrease
the computing time. The schematic geometry of the cookoff bomb and the keypoints distribution
which were focused were shown in Figure 2.Five keypoint were selected to measure the temperature
change of the cookoff bomb in numerical simulation. Number 1 is ignition position. Number 2 lies in
the side of the cylindrical surface, Number 3 and Number 4 lie in the top of cylinder surface. Number
5 is the center position.The calculation grid of model is shown in Figure 3.

25" ICDERS — August 2-7, 2015 - Leeds 2



Zhang, X. L.

Thermal Response of PBX on fire

steel plug

O 4
/7/////’//’/////////////////
+ o+ o+

////////////////////////////AVA

A

Figure 3. The calculation grid of model

The assumptions were as follows :
[] Consider explosive as the solid and no phase change occurs.
[] No gap exists between explosive and steel pipe.
[ Thermal decomposition reaction of explosive obeys Arrhenius equation.
[0 All physical chemistry parameters of explosive are constant.
The calculating model equation as follows:

pcd—T=W2T+S (1)
dt
It is the thermal conductive equation with source term. where pis the density,c is specific heat at
constant pressure, A is the thermal conductivity;S is the heat source term of the explosive
decomposing reaction.

The self decomposing can be described by Arrhenius equation as follows[9] :
S=p0Z(1-a)" exp(-E/ RT) ©)
where S is the heating source term of decomposition reaction ; pis the TNT density (kg-m™) ; Q is the
reaction heat (J-kg ™' ) ; Z is the frequency factor (s") ; E is the activation energy (J'mol ™) ; a is the
reaction fraction; # is the reaction order,here the zero order reaction is adopt, namenly #»=0. R is the

gaseous constant (J-mol™-K™) . Eq. (2) can be implemented a subroutine in C language and imported
to the hydrodynamic code[10].

4 Boundary condition

According the experiments condition, the diameter of the oil pool is 500mm.So in numerical
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simulation, the high temperature (973 K) combustion gases was ejected into the mass flow inlet, the
diameter of which is 500mm. The combustion gases were described by high temperature mass flow
generated from the kerosene. The combustion gases flow is turbulent flow. The k -eturbulent model
was employed[11] . The initial temperature was 278 K. The numerical simulation of explosive cookoff
was conducted by computational fluid dynamics(CFD) software , FLUENT. Tab.1 shows the

parameter of the materials.

Table 1:The parameters of the materials

materials Density thermal capacity thermal reaction heat
o3 conductivit Teo-]
/kg-m /Tkg! K /W-m"-K'ly /kJ-kg
PBX-2 1850 1020 0.302 4780
steel 8030 502.48 16.27 —

5 Calculated results and discussion
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Figure 4. Temperature distribution on domain section at different time

Figure 4. shows the temperature distribution on domain section at different time for fire cookoff of
the@50mmx>100mm bomb. At 0.5s , the high temperature zone lied in the underside and all sides of the
bomb. But average temperature on top surface was lower .
engulfed by the flame. Only the flame temperature on the narrow zone above the bomb was a little

lower. At 108s ,the bomb burst.
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Figure.5. The curve of temperature change of the keypoints

Figure 5 shows the calculated temperature vs. time curves of ignition position and three
monitored positions on axis vertical of PBX-2 bomb. It is seen that temperature on the underside
explosive rose rapidly, but the upside temperature rose slower than that of the ignition location before
reaction.Moreover , there was almost no change in temperature of the explosive inside. The inflexion
in the curve is considered as the ignition point. The curve of ignition position reveals that the ignition
temperature (550 K) and ignition time (108s) of PBX-2 explosive can be confirmed from the
inflexion.Contrast to the measure results, the ignition time of the calculating(108s) is a little shorter
than that of the experiment(120s) by Dai Xiao-gan[12]. It could be the fire condition,for example the
temperature,the direction etc, would be affected by the circumstance and weather,while the heating
condition in numerical simulation is fixed(70007). So the heating rate of the explosive of numerical
simulation is faster than that of the expeiment. As a result, the ignition time of the explosive in
simulation is earlier.

In simulation,the ignition time of the bomb that the charge size ofe25mmx50mm is 107s, while
in the fire cookoff expeiment[12], the ignition time is 140s, the reason is the same as
theeS0mmx100mm bomb.

6 Conclusion

The numerical simulation of the thermal response of the bombs with PBX-2 explosive on fire
were carried out by means of FLUENT program, in which the charge size are25mmx50mm and
©50mmx*100mm. From the simulation result,we get some useful conclusion:

Firstly, the ignition location is on the bottom of the cookoff bomb, where the heating rate is most
fastest. Under the condition of the temperature of fire is 7007 the ignition time of the two charge size
of the bomb, 25mmx50mm ande50mmx100mm, is about 110s, and the ignition temperature is about
280107.

Secondly, the temperature in the center of the bombs almost do not increase.Because the thermal
decomposition takes place in the surface of the explosive cylinder, where the temperature has reached
the ignition temperture,while the temperature in the center of the explosive remains normal
temperature.

Finally, the fire is one kind of fast cookoff condition. The ignition loction of the explosive is on the
surface of the explosive cylinder.The thickness of the steel pipe is the same.As a result, the ignition
time of the two charge size, p25mmx50mm and@50mmx100mm, is almost the same.The charge size
can hardly affected the ignition law of the cookoff bomb.
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