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Stochastic Models of Blocking in Particulate Flows 

Blocking is a common phenomenon in particulate flows from microscopic to 
macroscopic scales. Examples include filtration [1], traffic flow [2] and the flow of 
macromolecules through micro- or nanochannels. We have recently introduced an 
exact model of channel blockage when two particles are simultaneously in a region 
where the traffic density cannot exceed a threshold value [3]. The concurrent model is 
characterized by a Poisson arrival process with at a given average rate of arrival and 
the time required for a particle to traverse a channel (bridge). If two particles are 
simultaneously present in the channel, blockage (or failure) occurs. We are also 
interested in opposing flows. In both cases the quantities of interest are the survival 
probability that the channel is open at a given time, the mean time to blockage and 
the number of particles that successfully exit the channel before blockage occurs.

We propose to generalize these simple models in order to describe various situations 
relevant for urban environments. In many cases the channel is not irreversibly blocked
and can reopen after some time. Another interesting generalization consists of 
assuming that more than two particles must be present in the channel to cause 
blocking. This model may also have applications to cyber attacks. We plan to study 
networks of channels where one can attempt to optimize the flow by introducing 
structures to regulate the flow before possible trouble spots. The use of real time 
information about the state of the flow to provide feedback control will also be 
investigated. Finally, the assumption of a homogeneous arrival rate will be relaxed. In 
urban transportation networks, for example, buses frequently arrive at a stop in 
groups of two or more, even though they are scheduled to arrive at equally spaced 
intervals.
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