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Abstract

Simulation of rarefied gas flow in a channel is considered in our previous papers [1]-[4] applying different methods
including ANN (Artificial Neuron Network). The purpose of the present paper is to confirm numerically applying ANN
our algorithm for transitional flow between continuum and free-molecular flow. The main advantage of this approach
is substantial computing time economy compared to usual DSMC procedure.

To minimize calculation time we apply artificial neuron network (ANN) in its basic form — multilayer perceptron which
consists of several layers of nonlinearly-activating nodes [5]. Each node in any layer connects with a certain weight to
every node in the following layer. The learning of ANN (changing connection weights after each piece of data is
processed corresponding to the minimum value of error) is based on relative simple test flows, analytic solutions in limit
cases, calculations by LBM method [6] and on comparatively few Monte Carlo simulations. Near the free-molecular
regime our previous results have been applied, obtained for large Knudsen numbers under conditions where the flow
has shown the properties of unstable nonlinear dynamic system [1]—[4]. The scattering function V is supposed to be ray-
diffuse, i.e. it is the mixture of ray reflection and diffuse scattering. The ray model [7] could be regarded as the
generalized specular reflection, where the velocities of incident and reflected gas particles are connected by Dirac delta
function under some restrictions to ensure that V satisfies the known criteria on wall collision kernels. The ray-diffuse
model has better experimental confirmation in comparison with the specular-diffuse model widely applied in practical
DSMC calculations [3], [8]. Simulated test flow of Nitrogen in a microchannel with aspect ratio (L/h = 20) and by pressure
ratio (1.84 < N < 4.14) considered in [6] has shown a good coincidence of ANN and DSMC calculations under different
conditions even if only s small part of original DSMC computation has been applied for learning ANN (hence, computing
time is reduced up to 10 times).
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