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The Visualization Method of Shock Waves
in Magnetohydrodynamic Simulations

TOHRU SHIMIZUt and MASAYUKI UGATIt

A visualization method of shock waves generated in hydrodynamic and magnethydrody-
namic (MHD) numerical simulations is proposed. In the visualization method, some arbitrary-
shaped propagating waves which are initially assumed are traced in the field data obtained
in the time-developing numerical hydrodynamic simulations. Then, the shock wave is eas-
ily visualized by the overlapping of those traced waves. The visualization method may be
considered to be a multi-dimensional extension of the one-dimensional characteristic wave
theory (the method of characteristics) which is widely applied for the shock tube problem.
In particular, this visualization method can be effectively applied for MHD simulations. In
2-dimensional MHD simulations of the fast magnetic reconnection problem, shock waves are,
in fact, clearly visualized. It is revealed that this visualization method is more effective and
exact than the traditional shock wave analysis, in which the Rankine Hugoniot relation is
used.
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Fig.1 The shock formation in the Burgers eq.; (a) Initial
variations, (b) final steady state of shock and (c)
the method of characteristics.
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Fig.3 The sound wave trace in an uniform flow field.
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Fig.4 The 2D Magnethydrodynamic simulation for fast
magnetic reconnection; (a) Magnetic field and (b)
plasma density.
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Table 1 Comparisons with simulation data and theoreti-
cal data estimated by the Rankine Hugoniot re-

lation.

(i) b1 ux uy Bx By »p P
up (sim) .050 —.583 —.069 .809 0.805 .105
down (sim) .028 —.252 —.069 .616 1.429 .382
down (R-H) .030 —.226 —.069 .604 1.320 .392

(ii) bg ux uy Bx By »p P
up (sim) .076 —.528 —.088 .610 0.833 .152
down (sim) .053 —.264 —.088 .438 1.085 .335
down (R-H) .060 —.257 —.088 .401 1.051 .341
up: upstream data

down: downstream data

sim: simulation data

R-H: theoretical data by the Rankine Hugoniot relation
Those locations of by and by are marked in Fig. 5 (c¢)
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Fig.5 The visualization of a shock wave in magnetic field

lines (a part of Fig.4 (a)); (a) Initial state of two
waves, (b) tracing toward the shock region and (c)
in the final state, a shock is visualized by the over-
lap of two waves leftside of the point A.
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