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Numerical method for thermally unstable hydrodynamics
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In this paper, we study the Runge-Kutta Discontinous Galerkin (RKDG) Method for the Euler equations with thermal diffusion and stiff
source term. We use the local discontinous Galerkin (LDG) approach to discretize the diffusion term. Numerical examples show good
performance for resolving stiff relaxation problems. The RKDG method is a useful numerical method for thermally unstable radiative

hydrodynamics.
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2.1 DG-space discretization for hyperbolic system and
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2.2 The Local DG approach for diffusion term
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(a) Entropy wave (b) Thermal diffusion

Fig.1 Accuracy test for entropy wave and thermal diffusion
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Tablel Acurracy test for entropy wave, p(x,t) = sin® [ri(x —t)]
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RK(Second order) P1(Second order) P2(Third order)
Ax  Llerror  Order Ll-error  Order L -error  Order
1/32  6.65e-02 — 1.08e-02 — 1.19e-03 —
1/64  2.27e-02 1.55 1.35e-03  3.00 1.43e-04  3.06
1/128  7.91e-03 1.52 1.67e-04 3.01 1.46e-05 3.29
1/256  2.28e-03 1.79 3.76e-05 2.15 1.36e-06  3.42
1/512  6.14e-04 1.89 1.06e-05 1.83 1.40e-07  3.28

RICBHER DT A M ETRE OER %2R (Fig 1(b), Table 2). =
2 TEHRE D FRERRN O V ITHIE ORI FE U = Uy Zf#
Wie, FIEIGEE u(x,t = 0) = sin(rx) CHREEAS 41272 5 Bl
t=log2 DEEDIEFEF LB L /=, P2 IFEHRMICIZ I RBEEDS
HBTHHN, URBTTREZLZIFZAULOBEENES Z
N5,

Table2 Acurracy test for thermal diffusion, u(x,t) = exp(—t)sin(7x)

RK(Second order) P1(Second order) P2(Third order)
Ax  Ll-error  Order Ll-error  Order Ll-error  Order
1/16 3.91e-04 — 1.46e-04 — 1.31e-05 —
1/32  9.76e-05 2.00 4.00e-05 1.87 6.39e-07 4.36
1/64  2.44e-05 2.00 1.02e-05 1.97 3.40e-08 4.23
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(a) Temperature profile: 40 points calulations are shown. The solid
line denotes the finest solution obtaind by P2 240 points calcula-
tion.
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(b) Density L1 error: P2 240 points cal-
culation is used as a reference solution.

Fig.2 Accuracy test for thermal condensation
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