
Neural network approximation  
of a tabulated equation of state  

for solving gas dynamics problems 
A. V. Ershova1, E. I. Nesmiyanov1, 2

1FSUE «RFNC – VNIIТF named after Academ. E. I. Zababakhin», Snezhinsk, Russia
2South Ural State University (National Research University), Chelyabinsk, Russia

The equation of state relates the thermodynamic quantities (density, temperature, and pressure) and it is 
used for mathematical modeling of various physical processes. The multiphase equations of state are used to 
simulate such physical phenomena as indirect compression of targets in inertial fusion [1, 2] and directed X-
ray radiation [3]. The development of these equations is the order of the day in science and technology [4–7]. 
A wide-range multiphase equation of state is often a piecewise function defined partly or completely by a 
table [8]. Interpolation with such tables introduces additional errors, and numerical differentiation of partial 
pressure derivatives especially at phase transition points is a separate problem which is difficult to solve. A 
solution to this problem is approximation in the form of a continuous differentiable function. The authors of 
Ref. [9] proposed a neural network based approach to the approximation of equations of state.

The paper proposes a method that uses a neural network to approximate tabulated equations of state as 
a pressure dependence on density and temperature in wide ranges. Tabulated values were approximated for 
various equations of state with specified analytical formulas. Tabulated data are generated on the basis of 
the analytical formulas and then fed to the neural network: density and temperature in the input layer and 
pressure in the output one. In the process of machine learning the network selects weights and biases so as 
to minimize the difference between the predicted and actual values. As a result we have obtained an explicit 
approximating function which can be used to calculate pressure at any density and temperature within their 
specified ranges.

In this work we approximated the pressure surfaces for the ideal gas equation of state, the binomial Mie-
Grüneisen equation of state, and a model wide-range multiphase equation of state. The equation of state for 
ideal gas was tested on five gas dynamics problems [10] and the Mie-Grüneisen equation, on two ones [11, 
12]. As for the wide-range multiphase equation, its pressure surface is smooth on the linear scale, while on 
the logarithmic one it shows noticeable phase transitions. The paper proposes a method for approximating 
a two-dimensional surface on the logarithmic scale for independent variables and the sought quantity as 
well. Approximation on the logarithmic scale helped describe the complicated structure of the wide-range 
multiphase equation of state more accurately.

The error of the proposed neural network approach is evaluated through comparison with results obtained 
with the analytical formulas specified for the equations of state. It’s efficiency was verified through test 
calculations.

References
1.	 Vronskiy, A. V. Simulation of laser radiation transport and absorption in indirect drive ICF targets 
[Text] / A. V. Vronskiy, I. S. Chubareshko, A. A. Shestakov // VANT. Ser. “Mat. Mod. Fiz. Proc”. – 2022. – 
No. 1. – P. 3–16.
2.	 Abu-Shawareb, H. Achievement of target gain larger than unity in an inertial fusion experiment [Text] / 
H. Abu-Shawareb et al. // Physical Review Letters. – 2024. – Vo. 132. – P. 065102.
3.	 Abramenko, D. B. Plasma-based sources of extreme ultraviolet radiation for lithography and mask 
inspection [Text] / D. B. Abramenko, P. S. Antsiferov, D. I. Astakhov et al. // Phys. Usp. – 2019. – Vol. 62. – 
P. 304–314.
4.	 Cox, G. A. A Multi‐Phase Equation of State and Strength Model for Tin [Text] // AIP Conf. Proc. – 
2006. – Vol. 845. – P. 208–211.
5.	 Antonov, V. I. Aluminum and copper wide-range equation of state for modeling exposure to laser 
radiation on matter [Text] / V. I. Antonov, R. V. Davydov, N. V. Kalinin // St. Petersburg State Polytechnical 
University Journal. – 2014. – Vol. 1, No. 190. – P. 198–203.



6.	 Elkin, V. M. A wide-range multiphase equation of state for platinum [Text] / V. M. Elkin, V. N. Mikhaylov, 
A. A. Ovechkin, N. A. Smirnov // Journal of Physics: Condensed Matter. – 2020. – Vol. 32. – P. 435403.
7.	 Elkin, V. M. Multiphase wide-range equation of state for copper [Text] / V. M. Elkin, V. N. Mikhailov, 
A. A. Ovechkin // Combustion, Explosion and Shock Waves. – 2024. – No. 6. – P. 74–85.
8.	 Ovechkin, A. A. Plasma ionization balance in chemical-picture and average-atom models [Text] / 
A. A. Ovechkin, P. A. Loboda, V. V. Popova et al. // PHYSICAL REVIEW E. – 2023. – Vol. 108. – P. 015207.
9.	 Kevrekidis, G. A. Neural network representations of multiphase Equations of State [Text] / G. A. Kev-
rekidis, D. A. Serino, M. A. R. Kaltenborn et al. // Nature. – 2024. – Vol. 14. – P. 30288.
10.	Toro, E. F. Riemann solvers and numerical methods for fluid dynamics: a practical introduction [Text] : 
third edition. – Springer-Verlag Berlin Heidelberg, 2009.
11.	Glazyrin, I. V. The HLLEM Riemann solver for 3D multi-material gas dynamics with an arbitrary 
equation of state [Text] / I. V. Glazyrin, A. V. Ershova, N. A. Mikhailov // VANT. Ser. “Mat. Mod. Fiz. Proc”. –  
2023. – No. 4. – P. 44–58.
12.	Krasilnikov, A. V. Studying the correction factor of a lithium fluoride crystal during its shock compression 
and isoentropic unloading [Text] / A. V. Krasilnikov, E. I. Nesmiyanov, E. S. Shestakovskaya et al. // Bulletin 
of the South Ural State University. Ser. “Mathematics. Mechanics. Physics”. – 2024. – Vol. 16, No. 4. –  
P. 96–106.


