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Numerical Simulations for Relativistic Outflows in Astrophysics
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Abstract: High-velocity outflows accompany energetic astrophysical phenomena such as winds from accretion disks, pulsar winds,
supernova ejecta, and gamma-ray burst jets. The outflows interact with the surrounding interstellar matter, resulting in strong X-ray
emissions and the acceleration of cosmic rays. We develop a one-dimensional special relativistic hydrodynamics code to simulate the
high-velocity outflows. We adopt an HLLC method for solving an approximate Riemann problem and derive an explicit formula to
calculate the numerical flux. We demonstrate the several test calculations with the code, including the Riemann shock tube problem.
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Figure 1. Riemann fan in HLLC method
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Figure 2. Density profile in shock tube test problem

5. SBDELE

TERK L7 ABRSRRAIIRIR )2 2 — &S L, T~
MN—=Z DTz b, BHRBRREOERE 2 DR
OV THNTVE 0.

6. ZEICHR

[1] /hb B, #EE ER (7T v 7 R—rEmTm
NFR—EIG () =XBROKES), HAF L
[2] EFx ==R, fBdm Jnss, BB /R (3=
L=y a VRXF (VY —=XBUROKRIFE 14), AR
At

[3] Harten A., Lax P.D., van Leer B., SIAM Rev., 25, 35(61)
[4]Toro E.F, 1997, Riemann Solvers and Numerical
Methods for Fluid Dynamics. Springer, Berlin

[5] Mignone A., Bodo G., 2005, An HLLC Riemann solver
for Relativistic flows -1. Hydrodynamics, MNRAS 364, 126

1143



