A HYPERBOLIC MODEL FOR HEAT TRANSFER IN COMPRESSIBLE FLOWS.

&\s Ay»%
F. Dhaouadi, and S. Gavrilyuk” ,-;;;: 28 - UNIVERSITA
“ . Department of Civil, Environmental and Mechanical Engineering, University of Trento, Via Mesiano 77, 38123 Trento, Italy. %Q’é? Dl TRENTO

b- Aix-Marseille University and CNRS UMR 7343 IUSTI, 5 rue Enrico Fermi, 13453 Marseille, France.

Aix--Marseille
universite

Initiative d'excellence

Funding: F.D would like to acknowledge funding from the MUR through the grant of excellence PNRR Young Researchers,
SOE CUP E63C22002950006. ED is also a member of the INAAM GNCS group and is part of the GNCS project CUP E53C22001930001.

Abstract

We present a new model for heat transfer in compressible fluid flows. The model i1s derived from Hamilton’s principle of stationary action in Eulerian coordinates, in a
setting where the entropy conservation 1s recovered as an Euler—Lagrange equation. The governing system 1s shown to be hyperbolic. It 1s asymptotically consistent
with the Euler equations for compressible heat conducting fluids, provided the addition of suitable relaxation terms. A study of the Rankine—Hugoniot conditions and
the Clausius—Duhem 1nequality reveals that contact discontinuities cannot exist while expansion waves and compression fans are possible solutions to the governing
equations. Evidence of these properties 1s provided on a set of numerical test cases.

1. Entropy as an Euler-Lagrange eqn |§ 4. Clausius-Duhem 1nequality 5. Existence of expansion shocks

The 1dea 1s to introduce a scalar field ¢ such that the One can write the Rankine-Hugoniot conditions for
temperature is 8 = ¢. In this setting one writes the our system
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The Euler-Lagrange equation for ¢ is then P
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One promotes the variable j = V. Then, the system F) =nv) =m0 - M(v)2 (0(v) =) 2 0 v > 1 and ¢ > 0 = existence of expansion shocks.
of equations 1s given by

2. Motion equations

if the subscript O 1s the state ahead of shock.
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6. Some unorthodox numerical results
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The system admits an energy conservation law
2
(9_E + div ( EFu + [Tu + %0 j) =0 Figure 2: Comparison with Euler-Fourier system Figure 3: Expansion shock solution. Shock 1is
ot P for two values of » for a choc-tube problem. advancing towards regions of higher densities.
. . 1.
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In 1d, 1t admits the eigenvalues
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