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For the mass diffusion fluxes J1, . . . ,JN in a multicomponent fluid with N > 1 sub-
stances, the modern constitutive Maxwell-Stefan equations read
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for i = 1, . . . , N.(1)

where (T, ρ1, . . . , ρN ) are the main thermodynamic state variables, i.e. the absolute tem-

perature and the N partial mass densities, while yi = ρi/
∑N

k=1 ρk is the ith mass fraction.
For i ̸= k, the phenomenological coefficient fik is typically positive, and it describes the
intensity of the drag-force between two different species. The quotients µi/(RT ) on the
right-hand side are driving forces for the diffusion process, where µ1, . . . , µN are usually
called the chemical potentials and R is the gas constant. The so-called ideal mixtures
are a common generalisation of the ideal gas law, characterised by the equations

µi := gi(T, p) +
RT

Mi
lnxi ,(2)

in which p is the thermodynamic pressure and xi the i
th mole fraction, while M1, . . . ,MN

are the constant molar masses of the species. The general concave function gi here denotes
the Gibbs free enthalpy of the ithconstituent as pure substance.

If the fluid is not isobaric, the combination of (1) and (2) implies that pressure-
gradients shall occur in the diffusion-flux. Moreover, a full mechanical description using
momentum balance is necessary to compute the pressure. Hence, multicomponent diffu-
sion in non isobaric fluids cannot be treated in the context of cross-diffusion systems.

In the talk, we consider an isothermal ideal multicomponent fluid, subject in Ω×]0, τ̄ [
with Ω ⊂ R3 bounded and τ̄ > 0 to the equations

∂tρi + div
(
ρi v + Ji

)
= 0 , for i = 1, . . . , N ,(3)

∂t(ϱv) + div(ϱv ⊗ v − S) +∇p = ϱb ,(4)

with the partial mass densities ρ1, . . . , ρN of the species, and the velocity field v =
(v1, v2, v3) as main variables. The viscous stress tensor S is assumed Newtonian with
constant coefficients. The pressure and the mole densities are related to the main vari-
ables via

N∑
i=1

∂pgi(p) ρi = 1 (eq. of state) and xi =
ρi

Mi
∑N

j=1(ρj/Mj)
.

Assuming general {fik} and g1, . . . , gN , new mathematical challenges arise for the weak
solution analysis of the coupled problem (1), (2), (3), (4). We shall focus on recent
results on the resolvability in weak solution classes and, if time allow, also discuss the
weak-strong uniqueness principle.


