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Gas flows in the flow regime transitional from free molecular to continuous arise in many advanced technological applications including rocket propulsion, atmosphere re-entry by space vehicles, high altitude flights and, more recently, flows in micro-nozzles and micro-channels of various microelectromechanical systems. Efficient and accurate simulations of such flows require the solution of model kinetic equations, such as the Bhatnagar-Gross-Krook (BGK) and the ellipsoidal-statistical model equations. The numerical simulation of model equations is complicated by the sensitivity of the nonlinear terms to truncation errors, large scale variations in the equations' coefficients and strong gradients in the solution. Additionally, the high dimensionality of the equations, that have seven phase variables, imposes strong limitations on the grid resolution. We develop a high order numerical method for the solution of the model kinetic equations using discontinuous Galerkin discretizations in the space and velocity variables and Runge-Kutta discretizations in the time variable. The method is implemented for the BGK equation in the case of one spatial dimension and applied to the solution of the normal shock wave problem and the problem of heat transfer between parallel plates. Our results indicate that the developed high order technique allows for an improved control over the accuracy of the numerical solution as compared to low order schemes. Additionally, the simulations of the normal shock wave have revealed some superconvergence properties of the kinetic solutions. However, simulations of the heat transfer problem suggest that the method needs to be modified in order to handle properly the diffuse conditions specified at the domain boundaries.
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