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Abstract

We consider the neural representation to solve the BGK equation, especially focusing on the appli-
cation in microscopic flow problems. Firstly, a new dimension reduction model of the BGK equation
with the flexible auxiliary distribution functions is deduced to reduce the problem dimension. Then,
a fully connected neural network is utilized to approximate the dimension-reduced distribution
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with extremely high efficiency and to avoid discretization in space and time. A specially designed
loss function is employed to deal with the Maxwell boundary conditions in microflow problems.
Moreover, strategies such as multi-scale input and Maxwellian splitting are applied to further en-
hance the approximation efficiency. Finally, two classical numerical experiments, including one-di-
mensional Couette flow and two-dimensional duct flow, are studied to demonstrate the effective-
ness of this neural representation method.
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Figure 1. Schematic of DRNR
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Figure 2. Numerical solutionof p, u,, u;, T, o,, and q, of the variant of Couette flow at steady state for Kn=0.1,1,2.5
E 2. Kn=0.11258F, 375 Couette SREMHHIBER p, u,, U, T, o,Hq

BNk, A1 RO I B 4 2 — ZET5 LI Couette 3, {4 DRNR J59%A1 DVM J7i 20 515t e
BEATHOEAAN, i bG35 1% 25 TE A BIAH [F) 250 0 B 7 (R BF 1R], JEAT 2080 b BRI, HX
N, =400 i} DVM THEFIEUEMRE NS AR, T DVM J7ik, Mg, HEE A t=10,
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BT v R [ 2D T DVM BB A] . 76— 8 RS FEVE Rl A, DRNR J7 kB & R FEI3E N, &M Lk
DVM LA . (2 T I 07k 0 s IR, Jeiduk 2158 & A

Table 1. Computational time of DRNR and DVM to achieve similar error for Kn=1 at t=10
F 1 EKn=1. t=10 WEHT, DRNR 5 DVM FEEAEIMBINRER BT ER 8

N, 40 80

W2 1.78e—03 8.53e-04
THEF[E/(DVM) 147 623
THE A (DRNR) 267 537
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Figure 3. The layout of the 2D rectangular duct flow problem
B 3. ZHBEHENERRREE
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XINBUEM U, MT 5 DVM B2 SE i BA RGN, TR p fFE - BENKER, XEY]
DRNR J7 i H A w8k .
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