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Introduction 
Granular flow is the flow of particulate matter such as sand down an incline, grains 
out of a silo, or corn flakes out of a box. Granular matter will flow, for  example, 
when pushed by a bulldozer or forced by gravity. Despite having a visibly grainy 
nature, these kinds of flowing granular matter are described surprisingly well (as a 
continuum) by partial differential equations (PDEs), similar to equations for fluid 
motion. These PDEs are easier to analyse then the microscopic equations of motion of 
all the individual particles. When the particulate flow is thin in one direction, relative 
to the other directions, these PDEs can be simplified even further. Such thin flows are 
referred to as shallow granular flows. Examples include gravity-driven flow down a 
chute or volcanic debris flowing down the flank of a volcano, both of which tend to 
be thinner in the direction that they are flowing. The forcing by gravity is essential to 
keep the flow moving because energy is continuously lost through inelastic particle-
particle and particle-wall collisions. It is because of the internal loss of energy and 
irreversible losses to heat that steady-state flows always need a force to drive them. 
 
Goal 
PDEs for granular flows are often approximated to be incompressible in order for the 
divergence of the velocity field to remain zero. This is a poor approximation for cases 
in which particulate flows are seen to be compressible (where there is enough air in 
the flow to cause volume fraction changes). The aim of the project is to investigate 
compressibility effects in shallow granular flows. One example is of a fast flow of a 
thin, dilute layer of particles streaming onto a block, leading to the upstream 
propagation of a shock with dense, still flow behind this discontinuity. Our 
mathematical analysis will concern hyperbolic equations with shocks, in particular in 
one spatial dimension and time. 

Several mathematical paths of investigation are open to us: understanding how 
the “classical” shallow granular flow equations are derived, cf. Bokhove and 
Thornton (2012); extend these equations to include compressibility/variations in 
particle volume fraction, and investigate (simplified) exact solutions. Industrial 
handling of granular matter costs a great deal of energy. The insights we obtain are 
not only important for volcanic hazard mitigation, but may also lead to more efficient 
use of our energy resources. 

Prerequisites  
None, but familiarity with hyperbolic equations 
or fluid dynamics is useful. 
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Upstream propagation of granular shock. The view is 
normal to an inclined chute. Flow is from left to right. 


