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Fig.1 Visualization experimental platform

1—firing mechanism, 2—fixation apparatus, 3—metal sleeve,

4—pressure sensor, 5—visualized chamber, 6—control pres-

sure diaphragm
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Fig.2 Experimental modular cartridge

cartridge

1—false propellant grains, 2—the iginiter bag,
3—center core igniter, 4—the end cover of cartridge,

5—body of cartridge
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Fig.3 Sequence diagram of modular charging ignition and flame-spreading experiment
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Gunpowder grains accumulation height measured

feature point 1 2 3 4 5 6
X,/mm 350 375 400 425 450 475
h,/mm 22.50 34.31 4190 47.50 58.78 64.41
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Fig.4 Schematic diagram of structure of calculation model
3—false propel-

1—center core igniter, 2—the iginiter bag,

lant grains, 4—modular cartridge
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Table 2 Structure and physical parameters of the module
charge

structural pa- parameter structural and phys- parameter
rameter values ical parameters values

D,/mm 135 D,/mm 8

L,/mm 100 L,/mm 13

D,/mm 30 p/kg-m™ 1600

L,/mm 100 m/kg 0.6

Note: D, and L, are the diameter and length of the modular cartridge, D,
and L, are the diameter and length of the igniting primer, D, and L, are
the diameter and length of the false propellant grain, p is the false pro-
pellant grain density, m is the total mass of the false propellant grain

in the modular cartridge.
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Fig.5 Pressure distribution of Y = 0 section in the chamber at different times
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Fig.6 Velocity distribution and dispersion pattern of grains in the chamber at different times
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Table 3 Characteristic parameters of accumulation of pro-
pellant grains
working condition  L/mm I/mm a/(°)
1 40 269.5 25.03
2 80 252.0 23.94
3 120 224.9 22.10
4 150 200.4 21.31

Note: L is the distance between the cartridge and the end surface of the prim-

er in the chamber, [ is the axial length of the horizontal accumulation
of the propellant grains, and a is the slope angle of the accumulation

of the propellant grains.
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Modeling Test and Simulation Study of Granular Dispersion Characteristics for Single Modular Charge
Ignition and Flame-spreading

CHEN An, YU Yong-gang
(School of Energy and Power Engineering , Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: To investigate the distribution characteristics of propellant grains during ignition and flame-spreading of modular
charge, a visualized modular charge experiment platform was designed. The test of @130 mmx100 mm single-modular charge
ignition, rupture of the cartridge, and the movement of the propellant grains was conducted, and recorded by high speed cam-
era system. A three-dimensional unsteady-state gas-solid two-phase flow model of the modular charge cartridge rupture and parti-
cle movement was established based on the gas phase-solid particle coupling method. Under different initial loading conditions
of the cartridge, the distribution characteristics of propellant grains during the modular charge ignition and instantaneous process
of flame spreading were analyzed. The simulation results indicate that, in the four simulated conditions that the distance between
the initial loading position of modular cartridge and the primer is 40, 80, 120 mm and 150 mm, during the modular charging ig-
nition and flame-spreading, the grains are finally distributed in the cartridge and the chamber on the right side of the modular car-
tridge. And they appear as a combination form horizontal and slope from primer side to pressure control diaphragm side. When
the distance between the initial loading position of the modular charge and the primer is increased from 40 mm to 150 mm, the
axial length of the horizontal stack is reduced from 269.5 mm to 200.4 mm, and the slope angle of the sloped stack is reduced
from 25.03° to 21.31°. As the initial loading position of the module moves to the right, the axial length of the horizontal stack of
grains becomes short, the stack thickness increases, and the slope angle of the sloping stack decreases.The numerical simulation
results are basically consistent with the the sloping accumulation of the propellant grains observed experimentally, which verifies
the rationality of the model.
Key words: single modular charge;propellant granular dispersion;discrete element method(DEM) ; gas-solid two phase flow
CLC number: T)55; O359 DOI: 10.11943/CJEM2019311
(DL £ #)

Document code: A

CHINESE JOURNAL OF ENERGETIC MATERIALS A A A R 2020 % F 284 # 8 (731-739)

o
Il



