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The goal of the work is a numerical investigation of the laws of the formation of streamers and spark discharges in centimeter-gap gaps at atmospheric and higher gas pressures, taking into account the effects of the discharge on the gas-dynamic flow. 
The plasma dynamics in the discharge gap in the two-dimensional (axisymmetric) case is described using the continuum diffusion-drift model (multi-fluid continuum, i.e. electron and ionic liquids). The dynamics of the gaseous medium (gas from neutral molecules) is described by the system of Euler equations. Both models are calculated together using the Godunov method of high order of accuracy. Figure 1 shows the numerical solution of the conjugate problem of the propagation of a streamer-spark discharge taking into account the energy input from the discharge into the gas phase. Gas is nitrogen at atmospheric pressure. The length of the inter-electrode gap is d = 0.6 cm and the width of the calculation region is r = 0.1 cm. The applied pulse voltage is U = 25 kV. The scheme of a computational experiment, where a cloud of electrons is set to replace the needle cathode in the calculation at the initial time, is shown in Fig. 1a. In fig. 1 b, c, d the electron density fields are shown at time points 2, 4, and 8 ns, illustrating the dynamics of the streamer growth taking into account the secondary emission of electrons from the cathode. 
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Fig. 1. a) Diagram of the computational domain for an anode-directed streamer; b), c), d) electron density (cm-3) taking into account electron emission from the cathode at t = 2, 4 and 8 ns.
An experiment is simulated numerically to study the hydrodynamic and thermal effects of nanosecond discharges in air [2]. A spark and pulsed nanosecond discharge in gas-dynamic flows with a complex shock-wave structure were considered [3].
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