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The primary purpose of the research supported by this grant was to study the flow
characteristics of concentrated suspensions of non-colloidal solid particles and thereby
construct a comprehensive and robust theoretical framework for modeling such systems
quantitatively. At first glance, this seemed like a modest goal, not difficult to achieve,
given that such suspensions were viewed simply as Newtonian fluids with an effective
viscosity equal to the product of the viscosity of the suspending fluid times a function of
the particle volume fraction. But thanks to the research findings of the Principal
Investigator and of his Associates, made possible by the steady and continuous support
which the PI received from the DOE Office of Basic Energy Sciences, the subject is now
seen to be more complicated and therefore much more interesting in that concentrated
suspensions have been shown to exhibit fascinating and unique rheological properties of
their own that have no counterpart in flowing Newtonian or even non-Newtonian
(polymeric) fluids. In fact, it is generally acknowledged that, as the result of these
investigations for which the PI received the 2001 National Medal of Science, our
understanding of how suspensions behave under flow is far more detailed and
comprehensive than was the case even as recently as a decade ago. Thus, given that the
flow of suspensions plays a crucial role in many diverse physical processes, our work has
had a major and lasting impact in a subject having both fundamental as well as practical
importance.

During the period 8/1/1990 — 9/30/2003 the following studies were completed and are
described in the attached references:

Viscous resuspension This is a curious phenomenon which refers to the fact of
suspensions containing heavy particles can resuspend in the presence of shear even under
very viscous conditions and in the absence of secondary flows. It arises due to the action
of shear-induced particle diffusion (a new mode of particle transport, first identified by
the PI and his associates) which induces a flux of particles from the regions of high shear
to low and from regions of high particle concentration to low. Our studies have covered
flows in channels [1, 6], pipes [3], in supersettlers [5, 9] and in a Couette device [2, 4, 8,
11] and we succeeded in showing excellent agreement between theoretical predictions,
using model which we had developed earlier, and the experimental results.

Statistical properties of suspensions Many of the novel rheological properties of
suspensions are due to the random motion of the particles which are only amenable to a




statistical description. These statistical properties have been investigated experimentally
[10] and in more detail via computer simulations [15, 19].

Particle Segregation A curious phenomenon was discovered in our laboratory pertaining
to the fact that, where a suspension containing neutrally buoyant monosized spheres was
sheared in partially filled Couette device or horizontal circular cylinder, the particles
formed regularly spaced bands of high particle concentration along the horizontal axis
[12, 13]. This phenomenon, which has no counterpart in pure fluids, was recently
explained by a novel stability analysis which yielded predictions in close agreement with
the experimental results [17, 18].
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