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Uncertainty principle in two–fluid mechanics
lundi 27 mai 2019 16:30 (1 heure)

Hamilton’s principle (or the principle of stationary action) is one of the basic modelling tools in classical
mechanics. It states that the reversible motion of a mechanical system is completely determined by the corre-
sponding Lagrangian which is the difference between the kinetic and potential energy of the system.
The extension of Hamilton’s principle to the continuum mechanics involving fluid-fluid and solid-fluid inter-
action can be performed (cf. [1, 2]). The motion of a multi–fluid continuum is described by a coupled system
of “Newton’s laws”for each component that are completely determined by the Lagrangian. The introduction
of dissipative terms compatible with the second law of thermodynamics and natural mathematical restrictions
on the potential energy allow us to derive the governing equations having nice mathematical properties.
I will present here a simplest example of two-velocity flows where one of the phases is incompressible (for
example, flows of dusty air, or flows of compressible bubbles in an incompressible fluid). A very surprising
fact is that one can obtain different governing equations from the same Lagrangian. Different types of the
governing equations are due to the choice of independent variables and the corresponding virtual motions.
The equations differ from each other in the presence (or not) of gyroscopic forces (also called “lift”forces). The
total energy does not depend on these forces, but the velocity distribution depends on them. The gyroscopic
forces are not usually taken into account in two-fluid models. Even if these forces have no influence on the
hyperbolicity of the governing equations, their presence drastically changes the distribution of the energy of
each component.
To the best of my knowledge, such an uncertainty in the governing equations of multi-phase flows was never
a subject of discussion in a “multi-fluid”community.
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