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Fig.1 The SPH model in micro explosion progress
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Table 2  Physical parameters of the gelled propellant droplet

numerical simulation
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/K /)-kg KT /kgem™  /gemol /WemT KT

288.0 5000 1500 0.3 0.5

Note: Ty is the initial temperature, c, is the specific heat capacity, p, is the

density, M, is the molar mass, k is the heat transfer coefficient.
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Fig.10 Pressure distribution of the gelled droplet with multiple bubbles
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Simulation on Single Gelled Fuel Droplet’s Micro Explosion Process Based on SPH Method with Fully Variable
Smoothing Lengths

QIANG Hong-fu, ZHANG Lin-tao, CHEN Fu-zhen, LIU Hu, SHI Chao
(Rocket Force University of Engineering, Xi'an 710025, China)

Abstract: To explore the changing rule of morphology and physical quantity of the droplet in the micro-explosion process of single
gelled fuel droplet, numerical simulation study of the micro-explosion process of JP-8 metally gelled fuel droplet was carried out by
smoothed particle hydrodynamics (SPH) method. The problem of severe changes of density gradient and smoothing length gradi-
ent in the process of bubble expansion was solved by introducing the full variable smoothing lengths SPH method. The elastic ge-
latinizer membrane was simulated by the modified JCD (Johnson-Cook Damage) strength model. The growth, expansion, broken
shell, jet etc. processes for internal bubble in the micro-explosion process of gelled droplet were simulated. The variation charac-
teristics of internal pressure of droplet and stress of gelatinizer membrane in the bubble deformation process were obtained. The
changing rules of droplet’s radius, pressure, tensile stress and surface tension etc. physical quantities in the micro-explosion
process of gelled fuel droplet were explored. The numerical simulation results show that the droplet’s volume expands gradually
and pressure increases in pulse as time goes, and gelatinizer membrane breaks and the droplet’s volume decreases rapidly when
diameter ratio D/D, reaches 1.4 ; For the multi-bubble gel droplet, the large bubble expands faster than the small bubble, and
generates larger pressure on the wall, leading to the gelatinizer membrane fractures near the big bubble, and the rupture time is
shortened compared with the single bubble. The numerical simulation results are in agreement with the experimental ones, which
reveals the inherent mechanism of the droplet micro explosion process and verifies the effectiveness of the SPH algorithm in solving
such problems.
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