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2. dust container
4. ignition electrode

6. air compression chamber
8. pressure sensors

1. 20 L cylindrical explosive device
3. solenoid valve

5. nozzle

7. ignition and control system

9. signal acquisition system
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Fig.1 Experimental apparatus of simulation'”’
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Fig.2 Boundary conditions and mesh generation of the sim-

plified mode
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Table 1 Simulation parameters of diffusion and explosion for

aluminum dust

parameters value

air temperature/K 300
1.01325%x10°
5.01325x10°

air pressure/Pa

pressure of blowing dust/Pa

time of blowing dust/ms 10
ignition delay time/ms 60
aluminum density/ kg + m~’ 2719
aluminum heat of combustion/ J - kg™ 3.1x107
activation energy/ MJ - mol ™! 82
pre-exponential factor/(m?* - kg)'* - s 3.8x10°
wall heat capacity/J - kg™' - K™ 480
wall thermal conductivity/W « m™" - K™ 48
ignition temperature/K 2500
ignition radius/cm 1
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Fig. 3 Concentration profile of aluminum dust in chamber at

different time (unit: kg - m™)
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Fig.4 Turbulence kinetic energy in chamber at different time

(unit; m* - s7%)
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Fig. 6 Flame propagation velocity along radial direction of

vessel
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Fig.7 Curves of explosion pressure of aluminum with differ-

ent particle size vs time
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Fig.8 Comparison between simulated and experimental val-
ues of aluminum dust explosion pressure characteristics with

different particle size
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Simulation of Aluminum Dust Explosion under Flow State

SHEN Shi-lei' , ZHANG Qi', CHEN Jia-chen', MA Qiu-ju’, LI Dong', YAN Huad’
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China;
2. The 2nd Artillery, Beijing 100094, China)

Abstract: Aluminum dust dispersion and flame propagation varying with time in 20 L cylindrical confined chamber were simulated
based on computational fluid dynamics theory. The factors influencing flame velocity of aluminum dust were analyzed. Results in-
dicate that when particle size of aluminum dust is in the range of 7-42 pm, the maximum explosion pressure( p,.. ) decreases
with the increasing of particle size. The maximum of p,.. and (dp/dt) ., are 0.876 MPa and 120.1 MPa - s™', and the minimum
are 0.634 MPa and 19.5 MPa - s™', which are coincided with the experimental ones in literature with the deviations of p, ., and
(dp/dt) ... no more than 4.6% and 20% . When the ignition delay time is 60 ms, the flame propagation velocity along the radial

direction falls first to a trough, then rises and falls at the end. The maximum and minimum of the velocity are 150.9 c¢m - s~ and

max
- .
70 cm - s7, respectively.
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