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An Analysis of Dynamic Characteristics of RDX Combustion Using Rigorous Modeling
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2 §A4 & nj RDX+= 23llh-gut dojut Eda 2r2 Z o 2] &S w2 4= 9o 355 = o] =obA 1,300K
ol BE-7] =7} 571 Aol = 3,000 K 0]/498] &= t5-& Rksl= Hawkg-o] Loyttt & A& §dto] ¥h57] 9 &
A2 EH3to] 2 RDXTHS EAS AA T O 24 B8 %0 RDXAZTE 3744 W 240 7|27F D A o2 A= Hr}.

=
FHO] : 31E0F, A, T, U] AlE o]

Abstract : In the treatment of spent high energetic materials, the issues such as environmental pollution, safety as well as working
capacity should be carefully considered and well examined. In this regard, incineration has been recommended as one of the most
promising processes for the disposal of such explosives. Due to the fact that high energetic materials encompass various types and
their different characteristics, the technology development dealing with various materials is not an easy task. In this study,
rigorous modeling and dynamic simulation was carried out to predict dynamic physico-chemical phenomena for research depart-
ment explosive (RDX). Plug flow reactor was employed to describe the incinerator with 263 elementary reactions and 43 chemical
species. Simulation results showed that safe operations can be achieved mainly by controlling the reactor temperature. At 1,200
K, only thermal decomposition (combustion) occurred, whereas increasing temperature to 1,300 K, caused the reaction rates to
increase drastically, which led to ignition. The temperature further increased to 3,000 K which was the maximum temperature
recorded for the entire process. Case studies for different operating temperatures were also executed and it was concluded that the
modeling approach and simulation results will serve as a basis for the effective design and operation of RDX incinerator.
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RDX= 1)8-§3 o419 RDX &auh-g-t 2) Eafh-go=
HE AP E ThARkS £ AR 39 Hn RDX a2
ofefj o} ZTh4].

RDX,, —“— 3CH,0+3N,0

81-2-: -160.018 J/mol (R1)

RDX,, —%— 3HCN +3HONO —*—

3HON + 2NO + iNoz + ino

2 2 2

8h-2-: 135,716 J/mol (R2)

NO, +CH,0 —— NO+CO +H,0

WS- 4: -187 J/mol (R3)

E
k =k, T" exp| ——°= 6
i 0,i Xp( RT) ( )
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k= T ol Y922 (arrhenius eqaution)(7) 2.2 T EH F 0,
NEZF Q AHESA] W% 9l X (frequency factor, A) W &3}

of| A Z](activation energy, E) 4f- Ermolin and Zarko[7] ZA 3}
2 Agstar.

k,=AT" exp(-E, /RT) (7)

Table 1. Initial & boundary condition to simulate

Boundary condition Initial condition
* Reactor * RDX
T(O) =478 K rdx =300 K
u(0) =3 m/s myx = 10 kg
P(L)=101325Pa « Reactor
T(z) =478 K
u(z) =3 m/s
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Figure 1. Change of RDX state with time: (a) mass of rdx and (b) temperature of rdx.
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Table 2. Case study result with varying inlet temperature

Inlet | Max |Maxu| Max P Major products Las:t

TE)| TEK) | (ms)| (Pa) reaction
478 11,220 | 46 | 101,325 CH»0, N,O Combustion
528 | 1,270 | 46.6 | 101,325 CH-0, N,O Combustion
578 | 1,315 | 47 |101,325 CH0, N,O Combustion
628 | 1,360 | 47.3 | 101,325 CH0, N,O Combustion
678 |3,020 | 105 | 430,000 |CO, H,0, H, CO;| Ignition
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Figure 3. Reactor temperature change with time.
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Nomenclature

Uppercase letters
Pre-exponent factor

Activation energy
length
Pressure(Pa)

Gas constant
Source term
Temperature (K)

H wnw Y C o

Lowercase letters

c Concentration (mol)

e Energy (J)

i Component

k Reaction rate constant
m Mass (kg)

t time (s)

Velocity (m/s)

N <

Distribution domain

Subscripts & superscripts
Cp heat capacity (J/kg-K)
gas  Gas phase

ini Initial

PFR  Plug flow reaction
rdx ~ RDX phase

p Density (kg/m3)
[0} Porosity

Reaction rate (mol/m3-s)
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