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1 Introduction

The research of dust detonation is very important both in weapons and industrial hazards. There is a lot
of damage of dust detonation in the industry security. Every year many people died of the dust
detonation in the world such as the coal dust and the aluminum dust explosion. The accident of wheel
hub work shop happened in KunShan China August 2014was a serious dust explosive disaster. There
are 75 people died and 260 people injured in the accident. The RDX is a common explosive and it’s
very easy ignited. The Al is light, cheap and has much energy as a metal. So it has much significance
to study the mechanisms and effect of the detonation of two-phase.

The problem of two-phase detonation is very complex. There are three propagation regimes™: the
Pseudo-Gas Detonation, the Single-Front Detonation and the Double-Front Detonation. The
production of the different detonation structures is due to the difference of heat release process. For
this paper, we investigate the difference of the Single-Front Detonation and the Double-Front
Detonation. We use the two-phase model to simulate the detonation with CE/SE method. The
detonation of RDX particles in air, aluminum particles in air and RDX and aluminum particles in air
together are all simulated.

2 Model

The two-phase model is used in the simulation. And also we purpose the particles are spherical,
theinitial diameters are same, the temperature of every particles is balance, the interaction of particles
is ignored, theenergy of chemical reaction is absorbed by gas, the component of gas are homogeneous,
the frictional force betweenparticles and the wall is ignored, the radiation between particles and gas is
ignored, both the solid phase and gas phase satisfied the equation.
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In these equations, i=2, 2a and the subscripts 1, 2 and 2a denote the variables of gas, RDX and Al. The
variables are follows: p the density, u the horizontal velocity , v the vertical velocity, e the internal
energy, P the pressure, @(@1+¢,+¢2, = 1) the volume fraction, | the ratio of mass of unit volume, There
are seven component in gas which are O,, N,, CO, CO,, H,0O,Al(g) and Al,Os(g). y is concentration, w
is molecular weight of gram.
For the RDX, we use the model in Hong', as follow:
0T, <Tpy
lgz = {
Qaz2/L T 2 Ty
T is the melting point of RDX, L is latent heat. The RDX particles move under the effect of shock
wave and heat up because of the heat conduct. And it begin to be peeled after melt and break down in
the high temperature.
For the Al, we use the model®, as follow:

State equation

, dR
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N is the number of particles in unit volume, R is the radius of particles, d, is the initial diameter, @ is
the fraction of O,, m=1.75.
F is the force that the gas to particles:
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Cq is the drag force, Q is the conduct heat:
Qqgi = 4naR?*A;Nu(T; — T;)/(2R)

A1 is the heat conduct coefficient, Nu is the Nusselt number, q is the reaction power of unit mass.
The metallic oxide will decompose to Al(g) and O, when the temperature is higher than the boiling
point!. So the temperature will keep below the boiling point.

3 Simulation

To check the correctness of the program, we simulate the two dust separately. For the density of
RDX is 0.75kg/m?, the speed of the detonation wave is 1.899Km/s, the peak is 4.75MPa. S.Eidelman®®
achived the peak was 4.84MPa, Hong' got the speed was 1.802Km/s and Dong!® got the speed was
1.916Km/s. For the density of Al is 0.304kg/m®, we achieve the parameter of the detonation wave is
D = 1.63Km/s, Py = 2.43Kg/m3, Ucy = 673 m/s, Pc; = 2.04MPa, T = 3800K, P = 3.31MPa. The
experiment of A.J.Tulis™ achieved the speed is 1.65Km/s and result of literature® is D =
1.63Km/s,pC] = 2.48Kg/m3,uc; = 681 m/s,Pg; = 1.91MPa, T = 3800K. The simulate result

correspond to other researchers' very well.
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Fig.1 Pressure and temperature at the same moments of different model
In the simulation, prpx = 0.565kg/m3,p,; = 0.145kg/m3. For rgpx = 10um, Fig.1(a) is the
pressure of the detonation wave and the lines from left to right are in condition that ry; = 3.5um, the
RDX is only and ry; = 1um at the same moment. Fig.1 (b) is temperature of gas, Al and RDX for
ra; = 3.5um and r; = 1um at the same moment. The three lines on left are temperature of gas, Al
and RDX for ry; = 3.5um and the three lines on right are temperature of gas, Al and RDX for
ra; = 1lum. From the picture we can see when the radius of Al is small, the power of RDX can make
the Al react rapidly and the time of exothermic differ small so that the wave only has one peak. The
peak of the wave is far from the wave of RDX only. When the radius of Al becomes bigger, the two
dusts exothermic at the different time, the two peaks of detonation wave are observed. The first crest is
the reaction of RDX. From the picture we can see the reaction time of RDX is very short. And the
second crest is Al. The peak of pressure of Al is smaller than RDX and the reaction time of aluminum
is longer than RDX. The speed and the pressure of the double-front detonation are both smaller than
that of the single-front detonation. But the reaction region of the double-front detonation is longer.
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Fig.2 Temperature at different moments of different model
The curves of Fig.2 from left to right are the temperature in condition that the RDX only and the
density of Al is 4.5um, 4.0pum, 3.5um, 3.0pum, 2.5pum, 2.0pm, 1.5pum, 1.0pm. Compared the RDX dust
only, the temperature of the two dusts is obvious higher, but when the radius of Al is greater
than2.0um, the temperature will less but it will increase as the time go on.
Table 1 is the parameters of detonation wave of different radius of Al. While the radius of Al becomes
larger, the wave speed will smaller, however when the radius reach the limit, the wave speed will keep
const that the maximum wave speed of the Al only at the same density.The pressure of the second
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wave which is the peak of the second wave and the parameter of CJ point also become smaller with
the radius of Al become larger. The CJ points are all behind the second wave.

Table 1 Parameters of detonation wave of different radius of AL

Radius | Wave | Pressure | Temperature | Pressure of | Temperature | Pressure | Temperature
of Al | speed | of front of front second of second of CJ of CJ
(um) | (Kmf/s) wave wave (T) wave(MPa) wave(T) point point(T)

(MPa) (MPa)

1 1.90 4.79 3083 2.84 3411
15 1.85 4.62 3018 2.76 3442
2 1.86 4.41 2979 2.65 3446
2.5 1.78 4.06 2749 3.82 3103 2.48 3445
3 1.77 3.85 2717 3.58 3013 2.28 3415
3.5 1.73 3.74 2608 3.24 3000 2.07 3338
4 1.74 3.76 2579 2.94 3007 1.92 3285
4.5 1.74 3.75 2595 2.59 3016
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Fig.3 Detonation pressure and temperature of different moments of different radius of RDX

Table 2 Parameters of detonation wave of different radius of RDX

Radius | Wave | Pressure | Temperature | Pressure | Temperature | Pressure | Temperature

of speed of front | of front wave | of second of second of CJ of CJ point

RDX | (Km/s) wave (M wave wave (T) point (M
(um) (MPa) (MPa) (MPa)

5 1.78 3.47 2999 3.31 3044 2.13 3358
7.5 1.75 3.65 2982 3.25 3036 211 3354
10 1.75 3.73 2970 3.29 3002 2.06 3353
125 1.72 3.78 2968 3.34 2948 2.14 3343
15 1.72 3.84 2989 3.33 2952 2.14 3341
17.5 1.72 3.87 2965 3.32 2971 2.13 3343

20 1.74 4.03 3038 3.33 2994 2.14 3340

Set the radius of Al as 3.5um, the graphs of fig 3 are the pressure and temperature. The lines from left
to right are in condition that the radius of RDX are

S5um, 7.5um, 10pum, 12.5um, 15pum, 17.5um, 20um. The pressure of front wave is higher with the
radius. For rrpx = 20um, the two peak of wave is not obvious. When the radius becomes smaller, the
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distance of the two waves become longer. The energy of RDX will warm up the Al, so the temperature
of the wave will decrease. But with the Al exothermic, the temperature will trend to same.

4 Conclusion

In this letter, it simulates the detonation of RDX and aluminum particles in air alone. And the result fit
the achievement of other researches very well. From the result it’s found that the CE/SE method is
suitable to simulate the problem of multiphase detonation. With the program the two mixed dusts
detonation is studied. The research is focused on the double-front detonation wave structure. We
studied the relationship of the speed and peak of pressure of detonation wave with radius of Al and the
effect of radius of Al. And quite satisfactory calculation results are obtained.
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