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Abstract

This work is centered on the use of component-wise High-Resolution Shock-Capturing
schemes as an alternative to the use of characteristic-wise schemes, based on the use of
the spectral decomposition of the Jacobian matrix of the fluxes for upwinding that, in
many cases, is not available or is quite difficult to obtain. In an attempt to improve
the results obtained when using a component-wise finite-difference WENO scheme, we
explore some flux-splitting schemes, such as one based on using a biased flux-splitting,
named HLL flux-splitting, first introduced in [4] as a Riemann solver, that uses the
estimated values of the minimum and maximum eigenvalues of the Jacobian matrix
of the fluxes, instead of the spectral radius of it, as the Global Lax Friedrichs (GLF)
flux-splitting schemes do. This new scheme reduces the spurious oscillations that may
appear when using GLF scheme [8]. On the other hand, we analyze the use of a high-
order reconstruction method with a control of the oscillations obtained by redesigning
the weights used in the WENO reconstructions proposed in [5, 6, 9]. When we use
those weights, introduced in [1], we reduce the oscillatory behavior while maintaining
the high resolution of the scheme. Finally, we explore the use of adaptivity, as in [2, 3, 7],
developing a hybrid scheme that only uses the characteristic information of the Jacobian
matrix of the system in regions where singularities exist or are starting to develop, while
it uses a component-wise approximation of the scheme in smooth regions, in order to
speed up computing times.
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[1] Aràndiga, F., Mart́ı, M. C. and Mulet, P., Weights Design For Maximal Order
WENO Schemes. J. Sci. Comput., vol. 60, 3, pp. 41-659, (2014).

∗This research was partially supported by Spanish MINECO project MTM2011-22741.
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1



[2] Costa, B. and Don, W. S., Multi-domain hybrid spectral-WENO methods for hyper-
bolic conservation laws, J. Comput. Phys., vol. 224, 2, pp. 970-991, (2007).

[3] Harten, A., Multiresolution algorithms for the numerical solution of hyperbolic con-
servation laws, Comm. Pure Appl. Math., vol. 48, pp. 1305-1342, (1995).

[4] Harten, A., Lax, P. D. and van Leer, B., On upstream differencing and Godunov-
type schemes for hyperbolic conservation laws., SIAM Review, vol. 25, 1, pp. 35-61,
(1983).

[5] Jiang, G.-S. and Shu, C.-W., Efficient implementation of weighted ENO schemes, J.
Comput. Phys., vol. 126, 1, pp. 202-228, (1996).

[6] Liu, X.-D., Osher, S. and Chan, T., Weighted essentially non-oscillatory schemes,
J. Comput. Phys., vol. 115, 1, pp. 200-212, (1994).

[7] Liu, G. and Qiu, J., Hybrid weighted essentially non-oscillatory schemes with different
indicators, J. Comput. Phys., vol. 229, pp. 8105-8129, (2010).

[8] Mart́ı, M. C. and Mulet, P., Some techniques for improving the resolution of finite
difference component-wise WENO schemes for polydisperse sedimentation models, App.
Num. Math., vol. 78, pp. 1-13, (2014).

[9] Yamaleev, N.K. and Carpenter, M.H., A systematic methodology for constructing
high-order energy stable WENO schemes. J. Comput. Phys., vol. 228, pp. 4248-4272,
(2009).

2


