PDC2021

Vienna, Austria

Numerical Simulation of DART: Effects of tensile strength and porosity
Chen Hong(1), Li Yi(1), Zhou Shengyu(1), Zhou Hao(1) Zhao Junyao(1), Liu Sen(1)
(1)China Aerodynamics Research and Development Center, Mianyang 621000, China, chenhong@cardc.cn
Keywords: Momentum transfer, material strength, material porosity
ABSTRACT

The upcoming NASA DART plan will be the first kinetic impact deflection test on near earth asteroid, which will use a 496kg impactor to impact the moon of Didymos asteroid at 6.6km/s. To study the influence of material property on the efficiency of momentum transfer of the kinetic impact, based on the DART plan scenario, numerical simulations of kinetic impact on asteroid for deflection were carried out by use of a homemade hydrocode NTS. The P-α model was used in the EOS to simulate the material porosity, the tensile stress failure model was used to simulate the fracture of material. To validate the numerical simulation method, a ballistic pendulum test of was simulated, result shows that the damage pattern and momentum enhancement factor β obtained from numerical simulation agrees well with the test result. The moon of Didymos asteroid is rubble pile structure, including  hard rocks and base material. In the numerical simulation the rock is represented by high strength and low porous basalt, while the base material is represented by low strength and high porous basalt. Numerical simulation results show that: when the tensile strength is with 10kpa to 300kpa and the porosity is within 0% to 20%, the momentum enhancement factor varies from 1.1 to 5.9. The porosity is the main factor that affects the momentum enhancement, higher porosity makes smaller damage zone and less eject fragment in the kinetic impact, result in lower momentum enhancement factor. If the kinetic impactor hits the hard rock, then the efficiency of momentum transfer will be high, if the kinetic impactor hits the soft base material , then the efficiency of momentum transfer will be very close to 1.
