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The most widespread Residual Distribution methods [1], namely the N and the LDA schemes, can be
understood as multidimensional generalizations of approximate Riemann solvers [2]. As such,
whenever a flow field including discontinuities is considered, it is necessary to perform a conservative
linearization of the advective flux functions.

How such linearization is actually computed depends on the thermo-chemical description used to
model the flow. In the Perfect Gas case, the multidimensional linearization is a mere extension [2] of
the dimensionally splitted Roe linearization [3] employed in the context of Finite Volume schemes.

However, if one is interested in modelling richer physics, i.e. describing a hypersonic flow field under
thermo-chemical non-equilibrium conditions (but still fulfilling the continuum regime assumption), a
more complicated thermo-chemical model is required. In this contribution we will consider a standard
two-temperature model for gas mixtures consisting of an arbitrary number ns>2 of species, see [4].

Liu and Vinokur presented in [5] a strategy to derive a conservative linearization for the ns species,
two-temperature model. This approach has been validated in the context of dimensionally splitted
Finite Volume techniques in [6]. Later on, Degrez and van der Weide proposed in [7] a
multidimensional generalization of Liu and Vinokur's approach.

In this contribution the multidimensional linearization of Degrez and van der Weide is reconsidered,
and a thorough analysis of its performance and its limits of validity is conducted. Situations where the
linearization may potentially break are identified, and alternatives for those situations are proposed.

REFERENCES

[1] E. van der Weide, Compressible flow simulation on unstructured grids using multi-dimensional
upwind schemes, Ph.D. thesis, Technische Universitet Delft,1998.

[2] H. Deconinck, P.L. Roe and R. Struijs, A multidimensional generalization of Roe's flux difference
splitter for the Euler equations, Vol. 22, Comput. & Fluids pp. 215-222, 1993.

[3] P.L. Roe, Approximate Riemann solvers, parameter vectors, and difference schemes, J. Comput.
Physics, Vol. 43 pp. 357-372, 1981.

[4] P.A. Gnoffo, R.N. Gupta and J.L. Shin, Conservation equations and physical models for hypersonic air
flows in thermal and chemical non-equilibrium, NASA-TP-2867, 1989.

[5] Y. Liu and M. Vinokur, Upwind algorithms for general thermo-chemical nonequilibrium flows, ATAA
Paper 89-0201, 1989.

[6] R.K. Prabhu. An implementation of a chemical and thermal nonequilibrium flow solver on
unstructured meshes and applications to blunt bodies. CR 194967, NASA, 1994.

[7]1 G. Degrez and E. van der Weide, Upwind residual distribution schemes for chemical non-equilibrium
flows, ATAA Paper 99-3366, 1999.



J. Garicano-Mena, P. Solano and G. Degrez.




	J. Garicano-Mena1,*, P. Solano1 and G. Degrez2
	Key Words: residual distribution schemes, non-equilibrium flows, conservative linearization.

