
HW # 4 due on Tuesday December 6, 2016, 14:00

Carefully and thoroughly perfomed solutions in the format of pdf-file should be sent
to:

malek@karlin.mff.cuni.cz and soucek@karel.troja.mff.cuni.cz

Task 1 When deriving the compressible Navier-Stokes-Fourier fluids, we started
from the assumption that

η = η̃(e, %−1) ⇐⇒ e = ẽ(η, %−1) . (1)

Setting

θ =
∂ẽ

∂η
and p =

∂ẽ

∂%−1
, (2)

we were able to obtain the following equation for thee evolution of the entropy

%η̇ + div
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)
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[
Td : Dd + (m+ p) div v − je ·

∇θ
θ

]
. (3)

Show how to derive the identical form of the equation if you start from the constitutive
assumption for the Gibbs potential defined through

G := e− θη +
p

%
where η = h1(θ, p) and %−1 = h2(θ, p) due to (2). (4)

It means that the constitutive equation is of the form G = G̃(θ, p).
Write down the final system of equations where the unknowns are p, θ and v.

Task 2 Consider a quasi-incompressible mixture of two fluids characterized by the
constitutive equation for the Helmholtz free energy

ψ = ψ̃(θ, %−1, c)

and assume that the compaction is independent process. Derived the equation for the
entropy and write down the linear constitutive equations that are compatible with the
constraints and the second law of thermodynamics. Finally, write down the governing
system of equations in the situation when the considered process is isothermal. Focus-
ing on the character of the spherical part of the stress, explain if and how the final
system differs from the compressible Navier-Stokes equations.

Task 3 Formulate and prove the generalized Reynolds theorem in the situation
when the considered set moves with the velocity u that is different from the velocity v
associated to the motion.


