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报告摘要： 

Collisionless mesothermal plasma expansion is a classical plasma physics 
problem with many applications in electric propulsion, spacecraft-plasma 
interactions, and spacecraft charging. Most studies of plasma expansion have 
adopted a fluid approximation for electrons to simplify the solution of the 
electron dynamics and save on computational time. This talk presents results 
from a comparative study using fluid-electron based analytical solution, hybrid 
particle-ion fluid-electron particle-in-cell (PIC), and fully kinetic PIC 
simulations to study plasma plumes and plasma wakes. We show that a 
collisionless mesothermal plasma expansion may be characterized into two 
regions based on electron characteristics: a fluid-like expansion region and a 
kinetic expansion region. While the electrons in the fluid-like expansion region 
may be modeled as an equilibrium fluid, the electrons in the kinetic expansion 
region are strongly non-Maxwellian and anisotropic. The commonly used fluid 
approximation for electrons breaks down in the kinetic expansion region. A 
parameter based on the weighted deviation of the electron velocity distribution 
from the equilibrium is proposed to quantify the non-equilibrium degree and to 
predict the breakdown of the electron fluid assumption. The implications of this 
study on engineering application models will also be discussed. Additionally, a 
brief overview of research at the Laboratory for Exploration and Astronautical 
Physics (LEAP) at USC will be discussed before the main talk.
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