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a. test shell without venting hole
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b. test shell with venting hole
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Table 1 Thermodynamic parameters of DNAN-based cast explosives and physical parameters of shells

P/ g cm™  a/cmPesT-MPa”-K® B o R,/ cm’-MPa-mol™"-K™" T /K M,/ g-mol™  p./MPa
1.864 37.65 1.778 1.522 8.314472 4000.0 292128 10

N, ro/cm & o n Hy /K-g" D/m-s" Q/k-g"

50 0.5 1.0 1.0 0.667 567612 6292 9.887"¢
h/cm R,/ cm L/cm E/ GPa " o,/ MPa B/ GPa

1.45 7.6 34.5 200.0 0.3 1600.0 5.1129

Note:

gas product temperature. 7) M, is molar mass. 8) p; is input pressure. 9) N, is potential bubbles number. 10) r,|

£ is burning-bubble source rate correlation coefficient. 12) a_ is burning-bubble source rate correlation coefficient. 13) n is burnup factor index.14) H,

1) p,, is charge density. 2) « is combustion correlation coefficient. 3) B is combustion index. 4) o is temperature index. 5) R, is avogadro constant.6) T is

, is average radius of potential bubbles.11)
det is

detonation heat. 15) D is detonation velocity. 16) Q is combustion heat. 17) h is casing thickness. 18) R is outer radius of casing.19) L is length of casing.

20) Eis Young’s modulus of steel. 21) w is poisson’s ration of steel. 22) o, is static yield strength of steel.23) B is explosive bulk modulus.
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Fig.5 Comparison of the calculated and measured pressure-

time histories of reaction evolution of charges
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Regulation Model for Reaction Evolution of Confined DNAN-based Cast Explosives after Ignition Under
Thermal Stimulation

BAI Zhi-ling, DUAN Zhuo-ping, LI Zhi, XU Li-ji, ZHANG Lian-sheng, HUANG Feng-lei
(The State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology , Beijing 100081, China)

Abstract: The matrix explosives in cast explosives are molten when being ignited under thermal stimulation, thus the hot gas re-
leased by reaction expands and reacts in liquid explosives in the physical form of bubble clouds. Considering the scale distribu-
tion and activated developing mechanism of burning-bubble clouds, a regulation model for the evolution of burning-bubble
clouds after ignition of cast explosives is established. This model well reflected the dependence of reaction evolution and final re-
action violence on intrinsic burning rate, shell confinement strength, charging structure size, reserved air-gap volume and pres-
sure relief venting area. Furthermore, the flexibility of this model was verified by comparing the calculated results with the experi-
mental data. Results show that with the increase of shell confinement strength and charge size, the self-sustaining enhanced com-
bustion and reaction violence level increase. Moreover, with the combined design of pressure relief structure venting threshold
and pressure relief venting area, the reaction violence of the charge is controlled. Under the charging condition in this paper,
when the ratio of pressure relief venting area to shell surface area is up to 8.6%., the charge reaction violence level is controlled
as burning. This work provides a theoretical basis for the thermal safety design and reaction violence evaluation of explosives.

Key words: cast explosive; non-shock ignition; self-sustaining enhanced combustion;evolution model of burning-bubble clouds;
pressure relief structure;reaction violence
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