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ABSTRACT

The shallow water (or Saint-Venant) equations have been developed as a model for shallow flows,
such as thin liquid films, because the Navier-Stokes equations have a too great computational cost. The
shallow water equations are derived from the Navier-Stokes equations, by assuming that the stream-
wise scale is much greater than the cross-stream scale, and subsequently by integrating over the film
thickness. However, these equations need closure models for both the terms of momentum transport and
wall-shear stress, in particular for stability analysis. These problematics were firstly treated by Shkadov
[6] and then by Ruyer-Quil and Manneville [4, 5], and Boutounet et al. [1], before Luchini and Charru
[2]. In particular, Ruyer-Quil and Manneville and then Luchini and Charru proposed two different ways
to calculate the correction at the first order of the wall-shear stress, thus ensuring the consistency of the
shallow water equations.
Although they found the consistent form of shallow water equations, they did not propose a conservative
model, which would be more suitable for some numerical methods, such as the finite volume method.

The current work presents a conservative and consistent model of shallow water equations. This model
also satisfies the Galilean invariance principle, which plays an important role in industrial applications
involving rotative components.
This new model has been developed for a liquid film flowing down an inclined plane, driven by gravity
and by a prescribed shear stress at the free surface, including possibly a moving plane. Here, two cor-
rection terms are provided. The first concerns the wall-shear stress, whose expression coincides with
those found previously [2, 4, 5]. Thus, the consistency of the model is ensured, that is, the linearized
model provides the right dispersion relation, and in particular the correct critical Reynolds Recr, above
which the liquid film is unstable. The second correction term ensures that the model presented here is
conservative too.
To conclude, in order to validate and verify the quality of the model, some results concerning instabili-
ties of thin liquid films will be shown.
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