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	b. Publications

4 Journal articles and 1 book chapter
c.  Purpose
· We will continue to develop the theory and large-scale molecular dynamics simulations of partially fluidized granular flows in application to granular avalanches and flows in shear cells. The priority will be to further develop the order parameter description for partially fluidized granular flows from microscopic interaction rules, in particular, the derivation of coarse-grained continuum equations from micro-elasticity theory for ensembles of inelastic grains. Alternatively, we will consider the generalization of the partial fluidization theory for granular flows with vibration. This project will allow the establishment of a firm basis for the constitutive relations derived from partial-fluidization theory and use it for practical applications on commercial computer simulation packages (such as FLUENT, MFIX etc) for modeling granular flows.

· We continue studies of dynamic self-assembly of microparticles in weakly conducting liquids subject to strong electric and magnetic fields. Our studies will focus on the effects of magnetic field and particle anisotropy on self-assembly of micro and nano particles. This project will benefit our general understanding of self-organization processes and dynamic phase transitions far from equilibrium, and give insight into many challenging questions of contemporary physics, such as solid-liquid transitions in dipolar fluids etc. It will stimulate new pathways for micro and nanoscale self-assembly, and impact technological areas related to nanofabrication, microfluidics and self-assembly of ultra fast and sensitive sensors.    
· We will perform quantitative studies of particle self-diffusion in gas-driven flows under controlled flow rate modulation. This research direction will include analysis of the uniform particulate fluidization through quantitative measurements of the degree of fluidization versus the modulation parameters in ac flow-modulated gas-fluidized granular layers.  This project should have strong impact on a broad variety of industrial applications that deal with gas-solid contacting, such as catalysis, air purification, and hydrogen production, to name a few. 

e.  Approach
 I. Aronson (PI) 100%, W. Kwok (Group Leader) 30%, A. Snezhko (post-doc) 100% D. Rosenmann (scientific associate) 20%.
f.  Technical Progress
Self-assembly and pattern formation in electromagnetically driven granular systems: We initiated the first experimental studies of dynamics of granular materials in strong electric fields. We discovered several new phase transitions between the granular gas and solid, as well as the formation and coarsening of clusters.  For micro and nano particles submersed in weakly conductive liquids, we discovered a novel process of 'dynamic' self-assembly.  The electric field provides an additional knob to tune new patterns and to design a large variety of self-assembled structures, such as wires, lattices, etc.  We extended our approach towards magnetic and anisotropic particles (rod, cylinders) and discovered new types of self-organization resembling networks and bundles in biological systems.  

Coarsening in non-equilibrium systems: We performed the first comprehensive analysis of cluster size distributions in electrostatically driven granular submonolayers. The cluster distribution in this far-from-equilibrium process exhibits dynamic scaling characteristic of the Ostwald ripening, controlled by the attachment and detachment of the grains. The scaled size distribution, however, is drastically different from known distributions. A much better agreement is found with the theory which accounts for the cluster merger in the limit of binary coalescence.

Description of dense shear granular flows: We developed a novel approach to shear granular flows and avalanches. Based on a combination of momentum conservation laws and the order parameter equation for the degree of fluidization, our framework correctly captured the shape of avalanches, transitions from triangular to up-hill avalanches, flow velocity distributions and even time-dependent stick-slips in granular layers.  We calibrated our phenomenological model with large-scale Molecular Dynamics simulations and are currently working on direct experimental measurement of the order parameter and derivation of the model from microscopic principles. 

g. Future Accomplishments

We will conduct a broad spectrum of research, both experimental and theoretical, with emphasis on the physics of self-assembly and continuum modeling of granular media. We will rely on our large network of external collaborators from universities and national laboratories to leverage our resources and to expand our research capability: Dr. Lev Tsimring, USCD, and Prof. Eric Clement will collaborate with us on novel aspects of the theory of partially fluidized granular flows by performing MD simulations and dedicated experiments; Prof. Jeffrey Olafsen, University of Kansas will contribute to our project on electrostatically driven granular gases; Dr. Eli Ben-Naim from Los Alamos National Laboratory will collaborate on velocity statistics in electrostatic granular gase;  Dr. Hugues Chate, CEA Saclay, France will conduct studies of self-assembly using novel numerical algorithms. 
 Theoretical studies will focus on two main fundamental problems: 

· Development of the order parameter description for partially fluidized granular flows from microscopic interaction rules, in particular, the derivation of coarse-grained continuum equations from micro-elasticity theory for ensembles of inelastic grains. Generalization of the partial fluidization theory for granular flows with vibration. This project will allow the establishment of a firm basis for the constitutive relations derived from partial-fluidization theory and use it for practical applications on commercial computer simulation packages (like FLUENT, MFIX etc) for modeling granular flows.   

· Quantitative modeling of the fundamental behavior of self-assembly in systems far from equilibrium in micro and nano particle systems driven by electromagnetic field. New tools and approaches will include large-scale molecular dynamics simulations and derivation of coarse-grained macroscopic equations from microscopic interaction rules.  This project will lead to development of new concepts and insights into the evolution of complex systems far from equilibrium, with possible applications for nanotechnology and microfluidics. 

 Experimental studies will focus on the following: 

· Studies of novel pattern formation, particles dynamics and flow properties in oscillating gas/particulate mixtures. Besides their pure fundamental interest, this project includes analysis of the uniform particulate fluidization through quantitative measurements of the degree of fluidization versus the modulation parameters in ac flow-modulated gas-fluidized granular layers.  This project should have strong impact on a broad variety of industrial applications that deal with gas-solid contacting, such as catalysis, air purification, and hydrogen production, to name a few. 

· Comprehensive studies of the effects of magnetic field and particle anisotropy on self-assembly of micro and nano particles in poorly conducting liquids. This project will benefit our general understanding of self-organization processes and dynamic phase transitions far from equilibrium,  and give insight into many challenging questions of contemporary physics, such as solid-liquid transitions in dipolar fluids etc. Potentially it will stimulate new pathways for micro and nanoscale self-assembly, and impact technological areas related to nanofabrication, microfluidics and self-assembly of ultra fast and sensitive sensors.   

h. Relationships to Other Projects

Theoretical support is leveraged through the Materials Theory Institute (59002) which provides funds for visiting scientists with expertise in complementary areas.  Experimental relationship of our theoretical work with vortex physics is leveraged through the Superconductivity and Magnetism Group (58906).  New seed programs are initiated with competitive national grants such as the Synthesis and Processing Center of Excellence on Granular Flows and Kinetics program.




