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Geophysical mass flows such as landslides and debris flows contain the mixture of soil and rock particles with a
significant to dominant quantity of viscous fluid. Employing the general two-phase mass flow model (Pudasaini,
2012), recently Pokhrel et al. (2018) developed a generalized quasi-two-phase bulk mixture model which includes
effective mixture viscosity that evolves mechanically as a coupled function of several physical and mechanical parameters and dynamical variables. The later model has further been formulated in a new stream function-vorticity
frame (Pudasaini and Pokhrel, 2019). The original system of partial differential equations in velocity and pressure
has now been converted in to the stream function-vorticity form as a close system of equations that is free of pressure term. Thus, the original three equations have been replaced by a set of just two partial differential equations.
So, the new systems is advantageous. Importantly, a novel pressure Poisson equation in terms of stream function,
vorticity and the rate-dependent mixture viscosity is derived. The two equations are coupled through the Poisson
equation. This, then, provides the full system. However, the pressure is decoupled and can be computed separately
with the knowledge of stream function and vorticity. This is favorable over the original system. We further reduced
the new system and obtain exact expression for stream function. The most important aspect is the construction of a
new pressure Poisson equation for shear mixture flow that includes yield strength of the mixture. The importance
of the pressure Poisson equation induced by the flow field intensity, the yield strength, and free surface geometry
are discussed. The flow depth and the non-linear diffusion of the free surface play crucial role in characterizing the
pressure Poisson equation. Mixture pressures are derived analytically for thin and thick flows. Similarly, pressure
dominated flow; thick, low yield strength flow; and thin, high yield strength flows are analyzed. Moreover, based
on the developed pressure Poisson model, several exact analytical solutions are constructed for the pressure and
flow depth distributions for incipient flow, shearing flow, propagating bore front and mass deposition. Presented
novel models and analytical results are in line with observed phenomena and highlight the application potential
of the new model in relatively easily describing the mixture flow dynamics as compared to the original complex
models.
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