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Numerical methods for solving hyperbolic 
equations using propagation information 

Robust and reliable schemes for gas dynamics 

 Upwind schemes 

one-dimensional linear advection equation 
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Jacobian matrix  
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The system decouples into m 
independent advection equations 
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Numerical Simulations 

Total Variation Diminishing (TVD) 

Weighted Essentially Non-Oscillatory (WENO) 

Harten 1983 (HD), Ryu et al 1995 (MHD) 

Jiang & Shu 1996 (HD), Jiang & Wu 1999 (MHD) 
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Numerical Simulations 
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MHD 1D Alfven wave tests 
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MHD 1D Alfven wave tests 
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MHD 2,3D Alfven wave tests 
Initially 
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Flux CT scheme 
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MHD 2D Fast wave test 
Periodic boundary 



MHD 2D Fast wave test 
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Flux CT scheme 



Does not effect on the  

order of schemes 

Conclusions 

Flux CT scheme 

Induces numerical errors to B->E->p 

Serious oscillation is generated for strong B  



Conclusions 

Shocks 
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In the shock regimes MHD-E 

Else where MHD-S 

using TVD, WENO3, WENO5 
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No shocks, p<<E, low  𝛽 (            ) MHD-S 

Propagate waves many times 

→ small numerical dissipation WENO 

Application to Nuclear Fusion  

: in tokamok 

Conclusions 

Develop Korea tokamak simulations! 



Thank you :) 
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