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Determination of JWL equation of state based on the detonation product
from underwater explosion
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Abstract: The equation of state for the detonation products of explosives is one of the foundations in explosion physics. JWL
equation of state has been widely applied to study the properties of various explosives. In order to obtain the equation of state
of the detonation products, an underwater explosion method was used to study JWL equation of state for the detonation of
RDX. It considered the explosion bubble expansion process based on the conservation of energy including E, (initial shock
wave energy), £, (potential energy of water), £, (kinetic energy of water) and £, (energy loss by bubble expansion), which are
related to the underwater explosion bubble radius (R-f) and shock wave front (R.-f) measured in the underwater explosion
experiments as functions of time. Based on the experimental results and using the same method to process the experimental
data in cylinder experiment, the time functions of explosion bubble expansion radius and variation of shock wave front position
were fitted and the parameters of the JWL equation of state for RDX detonation products were obtained. In order to analyze the
accuracy of the parameters of the JWL equation of state obtained by the underwater explosion method, the time history of the
underwater explosions bubble pulsating pressure wave was calculated using the bubble dynamics equation. It shows that the
calculation results agree well with the bubble expansion radius and bubble pulsation period determined using the underwater
explosion experiments in a pool. The calculated bubble radius obtained by the proposed measurement method has a smaller

deviation from that obtained by the cylinder experimental value, especially in the low-pressure stage compare with the JWL
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state parameters obtained from cylinder method. This method provides a testing approach for the equation of state of
detonation products with low cost, reduced size limitations and a wide pressure range.
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Fig. 1 Schematic diagram of explosive bubbles high-speed expansion experimental system
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Fig. 2 The initial bubble expansion and shock wave testing process of RDX explosive
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Fig. 3 Curves of shock wave front position and velocity changes with time in underwater explosions
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Table 1 The bubble radius fitting parameters of RDX explosive in underwater explosion
F,/mm 7,/ps™! F,/mm 7,/us! F,/mm
—9.46 0.1128 46.3 0.008 9.9
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Table 2 The shock wave front position fitting parameters of RDX explosive in underwater explosion

a,/mm by/ps™ a,/mm by/us™!

8.65 0.259 22.2 0.033
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Table 3 The parameters of JWL state equation for RDX explosive detonation products

A/GPa B/GPa C/GPa R, R, w 4G S
933.82 7.236 0.788 451 1.22 0.15 ENTIE
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Fig. 5 Curves of RDX explosion bubble radius and expansion velocity changed with time
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