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Numerical methods for solving hyperbolic 
equations using propagation information 

Robust and reliable schemes for gas dynamics 

 Upwind schemes 
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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 Alfven wave tests 
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MHD Alfven wave tests 
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Decay rate 
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Numerical dissipation 

Periodic boundary 



MHD Alfven wave tests 
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High order scheme  
is better! 
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MHD Alfven wave tests 
Input 
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MHD Alfven wave tests 
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MHD-S code  
is better! 



Conclusion 

Shocks 
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Conclusion 

No shocks, p<<E, high 𝛽 (          ) MHD-S 

Propagate waves many times 

→ small numerical dissipation WENO 

Application to Nuclear Fusion  

: in tokamok 

Develop Korea tokamak simulations! 



Thank you :) 



 Upwind schemes (Brio & Wu 1988) 

Second-order upwind scheme Lax-Wendroff scheme 

Lax-Friedrichs scheme Lax-Friedrichs scheme with 20,000 points 
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