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Highly non-equilibrium flow conditions exist in space plasmas, including the solar atmosphere, the solar and polar winds, planetary magnetospheres and ionospheres, and near the termination shock. These highly non-equilibrium flows are typically characterized by Mach numbers greater than one, temperature anisotropies, strong heat flows, long mean-free-paths, and non-Maxwellian velocity distributions. Fortunately, several mathematical approaches have been developed that can be used to describe such flows, including the generalized transport equation approach. With this technique, the species velocity distribution function is expanded in an orthogonal series about a weight factor, the series is truncated, and then the associated set of transport equations is derived. Currently, sets of transport equations exist for Maxwellian and bi-Maxwellian weight factors. For the Maxwellian there 5-, 13-, and 20-moment approximations, while for the bi-Maxwellian there are 6- and 16-moment approximations. The Maxwellian-based 13-moment transport equations are particularly useful because they properly describe processes such as ordinary diffusion, thermal diffusion, thermal conduction, and diffusion-thermal heat flow. However, these processes dominate when collisions are important, and it is less clear what set of transport equations to use when the flow becomes collisionless and the distribution function becomes highly non-Maxwellian. Here, we discuss the convergence of the different sets of transport equations for highly non-equilibrium flows and we compare results obtained from the collisionless transport equations with those obtained from kinetic formulations. 

