
2.1 Basic Equations of Fluid Mechanics

2.1.1 The Conservation of Mass

The conservation of mass can be derived by considering the mass-fluxes enter-
ing and leaving an infinitely small volume element. In the absence of a source
of mass, the equation of the conservation of mass can be written as follows:
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In the context of reactive flows a formulation of the conservation of mass for
n species is desirable. In this case a species source term or sink term Sk is
likely to be present due to the reaction. In contrast to the total mass balance, a
diffusion term has to be included here, since species fractions may be spatially
non-uniform. Defining the mass fraction of the species k :
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where the first term on the right hand side accounts for diffusion, with Xk be-
ing the molar fraction of species k , Mk the molar weight of species k and Dk

being the diffusion coefficient for species k . The term V c
i is defined as
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and ensures global mass conservation after introduction of the diffusion law
[2].

2.1.2 The Compressible Navier-Stokes Equations

The Navier-Stokes equations are named after the French mathematician and
physician Claude Louis Marie Henri Navier (1785-1836) and the Irish mathe-
matician and physician Sir George Gabriel Stokes (1819-1903). The equations
can be derived from a balance of momenta at a fluid element. Furthermore,
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