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Fig. 1. Schematic of computational model.
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Fig. 2. Comparison of numerical and experimental (12,13] schlieren images of the interactions between shock waves and

heavy and light triangular cylinders (ds, diffracted shock; s1, shock wavel; tp, triple point; ts, transmitted shock; ms, Mach

stem; sts, secondary transmitted shock): (a) Heavy cylinders; (b) light cylinders.
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(d) t =230 us; (e) t =240 us; (f) t = 330 ps; (g) t = 1080 us; (h) ¢ = 1900 ps

Fig. 3. Schlieren image sequences of interaction between shock wave and heavy cylinder without a magnetic field (brs,

back wall reflected shock; crs, curved reflected shock; cts, curved transmitted wave; is, incident shock; ps, expansion fan;
ras, refracted shock; rrs, rarefaction wave; ws, weak shock): (a) t = 110 ps; (b)t = 190 ps; (c) t = 220 ps; (d) t = 230 ps;

(e) t =240 ps; (f) t = 330 ps; (g) t = 1080 ps; (h) t = 1900 ps.
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Fig. 4. Cloud chat of pressure (left) and velocity (right) at different time: (a) t = 90 us; (b) ¢ = 240 ys.
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(c)

(g)

E5 THESAEN T, Wk 5RSAHEER SRR LU R (bs, BEM SO, fps, H HET SR, rrw, RFFGE; sk,
W k; sl, WL sn, WK n; tsl, —URIESF B ts2, ZKIEFHEE)  (a) t = 110 ps; (b) t = 150 ps; (c) t = 170 ps;
(d) t =190 ps; (e) t =260 ps; (f) t =800 us; (g) t = 1050 us; (h) t = 1900 ps

Fig. 5. Density schlieren image sequences interaction between shock wave and light cylinder without a magnetic
field (bs, wall reflected shock wave; fps, free precursor shock; rrw, reflected rare shock; sk, shock wave k; sl, slip line;
sn, shock wave n; tsl, firstly transmitted shock; ts2, secondary transmitted shock): (a) ¢ = 110 us; (b) t = 150 ps;
(c) t =170 ps; (d) t = 190 ps; (e) t = 260 us; (f) ¢ = 800 ps; (g) t = 1050 ps; (h) ¢t = 1900 ps.
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Abstract

Magnetohydrodynamic (MHD) equations are solved by using the CTU+4CT (corner transport upwind + constrained
transport) algorithm which guarantees the divergence-free constraint on the magnetic field. The interactions between
shock wave and heavy or light triangular cylinder are investigated in detail in the cases with and without magnetic
field. In the cases of hydrodynamic (B = 0 T) and MHD (B = 0.01 T), the numerical results indicate that heavy and
light triangular cylinders have quite different wave patterns and jet structures after being impacted by a planar incident
shock wave. Specifically, a regular refraction and downstream R22 jet are formed in the heavy case, whereas an irregular
refraction and upstream air jet are generated in the light case. In the hydrodynamic case, the Richtmyer-Meshkov
(R-M) instability and Kelvin-Helmholtz (K-H) instability are induced by the incident shock wave. Hereafter, both heavy
and light density interfaces begin to roll up with a series of interfacial vortex sequences. In addition, a main vortex
ring is formed in the heavy case, while a vortex dipole passing through the downstream interface is generated in the
light case. In the MHD case, both heavy and light density interfaces remain smooth and interfacial vortex sequences
vanish. Furthermore, the main vortex ring formed in the heavy cases and the vortex dipole generated in the light cases
disappear. Moreover, in the presence of a magnetic field, a detailed investigation demonstrates that Lorentz forces
give rise to the transport of baroclinic vorticities to the Alfvén waves. As a consequence, the deposition of interfacial
vorticities decreases and the rolling-up of interfaces is suppressed. In the end, the vorticities are transformed into two
vortex sheets travelling away from the density interfaces, and the R-M instability and K-H instability are well controlled.
The quantitative investigations reveal that for both heavy and light triangular cylinders, magnetic field can accelerate

the upstream interface and decelerate the downstream interface, especially for the light triangular cylinder.
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