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Hydrodynamic instability of open flows down inclines is an important phenomenon which leads
perturbation growth, turbulence, roll waves formation etc. It has been widely studied for flows of
Newtonian rheology with respect to longitudinal perturbations (perturbations that spread along
the flow velocity vector), for example, see works [1 - 4]. From mathematical point of view, the study
of the stability of open flow down an inclined planes with respect to two- or three-dimensional
perturbations (i.e., with respect to oblique perturbations, spreading under an arbitrary angle to
the flow velocity vector) is quite difficult, especially, if the fluid has non-Newtonian rheological
properties, which can be important in the context of geophysical applications. Nonetheless, works
exist, where these two factors (non-Newtonian rheology of the moving medium and arbitrary
angle of spreading of perturbations) are taken into account, e.g., [5,6]. In more recent work [5], the
problem of downslope flow linear stability is solved in complete formulation (continuity and
momentum equations are used with no averaging over the depth, stability with respect to 3D
perturbations is studied); this significant work uses complex mathematics, and can be difficult for
applications.
This abstract is based on the work [6], where linear stability analysis was first conducted for the
downslope flow that is described by hydraulic equations, but 1) the rheology of the flow and flow
regime (laminar or turbulent) were arbitrary, 2) oblique perturbations were taken into account.
The stability criterion is obtained analytically, it contains basic flow characteristics and can be
applied to the flow if it's depth-averaged velocity u, depth h, relation between the bottom friction
and h, u (u is the velocity modulus), slope angle are known. It is shown that the flow can be
unstable (i.e., small perturbations grow, and this can lead, for example, to roll waves formation, or
turbulisation of the flow) to oblique perturbations, even if standard stability criterion for
longitudinal 1D perturbations is satisfied. This takes place, e.g., for dilatant fluids with power law
index greater than 2).
The result is important not only for experimentalists, but for researchers who use numerical
modeling, because knowledge of the flow behavior (for example, possible roll waves development)
plays crucial role when choosing a computational scheme that will allow one to get the correct
result.
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