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(1)  Participants:
PI and Co-I: Ranga Narayanan, Jason Butler
Other Senior Personnel from the Univ. Florida:  Jennifer Curtis, S. Balachandar, Hugh Fan
Other Senior Personnel from Fl. State Univ. Farrukh Alvi, Lou Cattafesta
International Collaborators: Farzam  Zouesthiagh, Sakir Amiroudine, Gerard Labrosse, Bonometti T, F. Plourde, B. Metzger, E. Guazzelli, J-P Bonnet, T. Kitamori, . S. Matsusaka and K. Asai 
PIRE Doctoral Students: B. Snook, B. Messmer, T. Batson, E. Uguz, P. Bunchatheeravate, S. Mena, T. Lemee, C. LaMarche, N. Zgheib  , J. McNally, C . Casano, G. Taub, K. Jackson, A. Hacioglu, P. Pham, A. Edstrand, C. Wang, X Lin, K. Ward, K. Christopher, I. Bihi, J. Varillas
Collaborating Institutions:  French Partners: University of Poitiers, Université Lille, Université Paris-Sud 11, Institut de Mécanique des Fluides de Toulouse (IMFT), and Université de Provence Aix-Marseille 1, Université Bordeaux 1. Japanese partners: University of Tokyo, Tokyo University of Science, Kyoto University, Japan Aerospace Exploration Agency (JAXA), and Tohoku University, Hokkaido State University
Industry Partners: St. Gobain Reserche, Arcelor-Mittal
Ph.D Graduated:  

Erdem Uguz (Intel Corp)

Trey Batson (Post doc in France)

Thomas Lemee (seeking post doc)

Poom Bunchatheeravate (employed by Vertex Pharmaceutic)

Casey LaMarche (postdoc at University of Colorado)

Gordon Taub (post doc in France)

Dual Degrees granted or current:

Erdem Uguz (granted with Univ Paris)

Trey Batson (granted with Univ Lille)

Nadim Zgeib currently with Univ Tolouse
Braden Snook currently with Univ Marseilles
Aycan Hacioglu currently with Univ Lille
Phong Pham currently with Univ Marseilles
Illyesse Bihi currently with UF (from Univ. Lille)

(2)  Major Research and Education Activity 
Introduction 
This PIRE center focuses on multiphase flows and technologies and brings together two U.S. universities with six French and five Japanese institutions.  Multiphase flows are flowing streams of fluids that are mixtures of liquids with other liquids, gases, and/or solids; examples include oil and water with surfactants as in oil spills (liquid/liquid), bubbles of air in glass melts (liquid/gas), or slurries of suspensions in drug formulations (liquid/solid). Multiphase flows and their control play a vital role in many key technologies impacting the world economy, such as metallurgy, mineralogy, materials processing, devices for biological applications, and the automobile, pharmaceutical, aerospace, and energy industries. This project will advance engineering by investigating critical research challenges in multiphase flows - understanding and predicting the patterns, instabilities, and turbulence that arise – to develop and optimize processes for industry. The PIRE team will integrate the results from across a related sets of experiments, including study of patterned flows and microfluidic mixing to improve micro-chip immunological assays; use of microactuators and microsensors to study instabilities and turbulence in multiphase systems, use of microgravity conditions to examine the role of fluid instabilities, experimental and computational study of dynamic flow of elongated particles/fibers, and expansion of current models of dispersed turbulent flow via large-scale simulation. 
U.S. partners include the University of Florida and Florida State University. French partners include University of Poitiers, Université Lille 1 Sciences et Technologies, Université Paris-Sud 11, Institut de Mécanique des Fluides de Toulouse (IMFT), and Université de Provence Aix-Marseille 1, Université Bordeaux 1, Japanese partners include the University of Tokyo, Tokyo University of Science, Kyoto University, Japan Aerospace Exploration Agency (JAXA), and Tohoku University
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	Figure 1 : Cross links in research areas related to multiphase flow science and technologies


Summary of Research Activities Proposed
The first field is in interfacial instabilities and in turbulence of multi-phase flows.  International collaborators will come from France and Japan. Japanese laboratories will provide microgravity facilities such as parabolic flights to determine the effect of interfacial forces. These problems connect to space enabling technologies and to micro mixing.  The French collaborations will take place with the Institut de Mecanique des Fluides (IMFT) in Toulouse, the University Paris 11 and University Lille, where experiments will range from turbulent structures with particles to pattern formation in phase change processes in micro geometries.  Partnering the investigators, R. Narayanan and S. Balachandar, with these institutes will provide much needed experimental confirmation of nonlinear theories.
A second area of joint research is in particulate and suspension fluids science and technology. This research is headed by J. Butler in collaboration with the Univ. de Provence in France and Japanese scientists at Kyoto University. The key technology areas range from flow dynamics in general processing environments such as mineralogy, pharmaceuticals, and energy industries to microfluidic applications. The complex and multi-phase flow aspects involve high speed computations and experiments in which all three partner countries have substantial resources. The outstanding facilities of the partner country laboratories for suspension flow visualization in France and controlled electric charged particulates in Kyoto will be crucial for both parties to tackle particle fluid interaction problems.
The third area of joint research is in the field of micro-fluidics where applications abound in bio-sensors. Micro-fluidics and control of micro-mixing at the University of Florida under the direction of Hugh Fan along with the bio sensor laboratories of the Univ of Tokyo, where the expertise on chip-based sensing will be provided, will generate a synergistic environment for the advancement of biosensor and biological assays applications. 
The fourth area of joint research is on flow control in multiphase fluids and flow separation instability. This effort is led by Lou Cattafesta and Prof F. Alvi of Florida State University in collaboration with partners from Tohoku University, Japan and University of Poitiers, France. The key reasons for this collaboration are the direct application to microfluidics and flow separation in aerospace and automotive technologies. The international laboratories will provide much needed support via plasma and pneumatic control laboratories and wind tunnel diagnostics. The Florida Center for Advanced Aero Propulsion (FCAAP) will leverage the efforts of the investigators. 
Research Activities and Findings Progress:
Area 1:  Interfacial and other Hydrodynamic instabilities:  The major research activities involve four sub-projects in interfacial and bulk instabilities. The first of these is evaporation instability of binary fluids where the aim has been to find the conditions as a binary i.e., two component fluid undergoes evaporation. Instabilities occur when a perturbed interface changes the temperature gradients leading to a a positive feed back that enhances the very perturbations on the interface itself.  Such instabilities are of importance in the drying and creation of thins solid films. Our research has taken place in the US with collaboration with the Univ. Paris where spectral codes have been developed. The second of the research projects is on Faraday instability where the instability of an interface subject to accelerative forcing perpendicular to the surface is studied. This problem finds application in drop disintegration and bubble dislodging. Our major activity has taken place at the Univ. Lille in France where experiments in preparation for low gravity studies is taking place. Japanese scientists have also participated in this collaboration. The third field of research in this area is on instabilities in driven flows such as the driven cavity. These problems find use in etching and in glass processing. The goal in these problems is to determine the flow structures in the aftermath of a shear driven instability as these structures affect the processing of materials.  The last problem involves the spreading an invasion of one fluid by another of a different density as oil spreading into water. 

Major Findings: The research on evaporation instability has led to an understanding of pattern generation due to competition in flow dynamics in the vapor phase and those in the liquid phase during phase change. As a result of this competition we see that a binary solution can delay the onset of flow compared to pure component materials. The research on Faraday instability has led to the revelation of new phenomena where an interface subject to accelerations can give rise to weak undulations that magnify in time and cause the interface to break up. This is crucial to understanding the break up of drops subject to vibrations. Our research on driven flows has led to an understanding of new patterns that result from symmetry breaking.  
Extreme Flows and Gravity Currents:

Gravity currents are observed in various natural and industrial situations. The manner in which these flows spread in the surrounding fluid has important implications for oil spills, accidental toxic gas releases, fire propagation, turbidity currents, pyroclastic flows, avalanches, and storms. These flows are driven by a difference in density stemming from horizontal gradients of temperature, salinity or suspended sediments. Predicting the short as well as long time evolution of these material fronts is of crucial interest. Most real gravity currents are generated by a sudden or continuous release of heavier or lighter material into the surrounding ambient from an arbitrary, often non-axisymmetric, source. However, nearly all prior theoretical, experimental and computational investigations that aim at better understanding and predicting the propagation of these currents are based on planar or axisymmetric configurations. The underlying (implicit) assumption is that, after a relatively short transitional phase, the gravity current’s front becomes either planar or axisymmetric. Here we present results to the contrary from laboratory and numerical experiments that were performed with non-axisymmetric finite initial releases. The most striking feature was that the effect of the initial non-axisymmetric shape of the release persisted for a very long time. Initial elliptic releases spread in a surprising way that the initial direction of minor axis soon becomes the major axis due to faster propagation. This reversal of axis is permanent and the spreading current does not approach an axisymmetric shape. This unique and robust behavior of propagating material fronts appears to be quite distinct from the propagation of informational fronts, such as sound and shock waves, which quickly become axisymmetric and independent of the source shape. We present a novel mathematical model which accounts for the shape of the initial release and predicts the non-axisymmetric propagation.
Flows where a narrow body of fluid, carried by initial momentum or buoyancy, entrains an ambient fluid are common in the environment. Volcanoes, smoke exiting a chimney or rising from a forest fire, tornadoes and deep water oil spills are just a few examples. If the main driving force is momentum we term such a flow a jet. On the other hand, if the main driving force is buoyancy we typically refer to the flow as a plume. Perhaps more common, initial momentum and buoyancy are both present in which case we can refer to the flow as either a buoyant jet or a forced plume. Forced plumes can be either single phase, where buoyancy is caused by either a difference in temperature or some other scalar phenomenon, or multiphase where buoyancy is due to the injection of particles, bubbles or drops of material other than the ambient fluid into the flow. In this study single and multiphase jets and plumes will be examined. A laminar study will be presented which examines the effect of the addition of a small amount of nonzero angular momentum to jets and plumes. The results of direct numerical simulations of a pure jet, a pure plume and a forced plume are presented and compared. Each simulation was run long enough so that time averaged third order statistics converged, allowing each term of the turbulent kinetic energy equation and Reynolds stress transport equations to be calculated directly. The results of laboratory experiments of a pure jet and multiphase plume, conducted at Ecole Nationale Superieure De Mecanique et D’Aerotechnique (ENSMA) located in Poitiers, France will be presented. Corresponding multiphase plume simulations using the Equilibrium-Eulerian technique are being performed.
Area 2:  Particulate and suspension flows:

Particulate Flow:

Research has focused on three fronts
Electrostatic Charging of Particles:

Electrostatic charges build up on particles as they travel through pneumatic conveying systems. The variation of the charges depends upon the conditions of contact with the pipe wall. A method was developed which couples a simple experiment with quick CFD simulations to predict the particle charge in dilute phase pneumatic conveying systems. Experiments were performed to measure constants associated with particle charging; the constants are specific to particle-pipe system. The CFD simulations determine the number of particle-wall contact. With these values, it is possible to predict the particle charge for any particle-pipe system under any operating conditions. The particle charge predictions show good agreement with particle charge measurements for five different types of particles in four different types of pipes under different operating conditions. 

Cratering of Particle Beds:

The liberation of particles induced by gas impinging on particle beds finds important application in spacecraft landing on lunar or Martian surfaces, Aeolian transport, helicopter brown outs, and sandstorms.  In all of these cases, it is important to know the amount of particulate material liberated and the trajectories of the liberated material.   We have developed a granular flow physics model incorporated within a two-fluid, gas-solid CFD framework which is capable of simulating the flow behavior of the particles under this condition.   The granular model incorporates frictional stresses resulting from sustained contacts between the particle grains and also takes into account the non-spherical shape of realistic particulate solids.  The erosion model has been validated through complementary cratering experiments under a range of particle characteristics (shape, size, density) and operating conditions (range of gas velocities, variable gravity conditions).

Dilute Slurry Flow:

Acquisition of non-intrusive experimental data for the mean and fluctuating velocity for both the liquid and solid phases is necessary for CFD model development and validation in slurry flows.   A full range of Stokes numbers is being considered  in the research – from low Stokes numbers (on the order of 1) where viscous effects is being considered - dominate to high Stokes numbers (>50) where inertial effects dominate.  These novel experimental data fill in substantial gaps in the published literature that currently exist, and these data will be a benchmark data set by which all future liquid-solid flow models can be tested and validated.  The experimental measurements are being obtained using laser Doppler velocimetry/phase Doppler anemometry (LDV/PDPA) in a simplified flow configuration that is ideal for model validation – steady, fully-developed, axisymmetric flow in a vertical pipe.  The experiments are conducted over the full range of Stokes numbers by varying the particles size, solids concentration, and fluid flowrate.  For the dense-phase flow, the fluid and solid will be refractive index matched.

Suspension Flows:

Significant progress on research goals and student training/educationhas occurred over the last year.  Collaborative work with Elisabeth Guazzelli (Aix-Marseille University) has resulted in a recent publication explaining the (surprising) alignment of rods with the vorticity direction in a shear flow.  Continuing work, being performedby Braden Snook in Marseille, is measuring particle fluxes of a suspension in tube flow with the goal of solving a question regarding two-phase models of such systems.  During his time in Marseille during sabbatical, Jason Butler worked on and nearly completed a project aimed at measuring normal stresses in flowing suspensions of rods, a problem that has surprisingly received almost no attention.  Finally, work by Phong Pham, jointly supervised by Bloen Metzger (Aix-Marseille
University) has resulted in a recent pa per on the origin of irreversibilities in viscous suspensions; continuing work aims to experimentally verify predictions of the microstructure in suspensions on non-colloidal particles in an oscillatory shear flow.
Area 3 :  Microfluidics: 

Research Activity: The major research thrust of this project is to develop devices and methods for the potential uses in chemical analysis, biological research, and medical diagnostics. Microfluidics-enabled techniques will lead to rapid analysis, low cost, and possible usage for the point of care.  Efforts have been focused on device design, fabrication, and platform development.  Current work has been expanded into two areas: one is the development of paper-based microfluidic devices and the other is the design of miniaturized well array for protein synthesis.          

The major research thrust of microfluidics is to develop devices and methods for the potential uses in chemical analysis, biological research, and medical diagnostics.  Microfluidics-enabled techniques will lead to rapid analysis, low cost, and possible usage for the point of care.  Efforts have been focused on device design, fabrication, and platform development.  Current work has been focused on two areas:  development of paper-based microfluidic devices and design of miniaturized array devices for protein synthesis.

For paper-based microfluidic devices, we have developed a fabrication method based on craft cutting and lamination.  The fabrication method is no more difficulty than producing a typical identification card. The resulting devices are mechanically sturdy and cost-effective.  The devices have been demonstrated for the measurement of glucose and proteins in urine.  In addition, we applied the devices for analysis of cotinine, the primary biomarker for exposure to secondhand smoke, which has been associated with a variety of adverse health outcomes in nonsmokers, including lung cancer, respiratory illness and cardiovascular diseases.  We have one journal publication from this focus area and the second manuscript in preparation. 

For miniaturized array devices for protein synthesis, we have focused on device design of microreactor array devices for high-throughput protein synthesis.  One of the key components in the device is nanoporous membrane and we found the orientation of membrane had significant effects on the protein synthesis yield.   When the membrane is oriented vertically, large molecules such as aggregated proteins will not settle on the membrane, allowing pores to exchange small molecules that are necessary for synthesis.  This effort has resulted in one manuscript in preparation and one invention disclosure that has been determined by the university for patent application. 

Area 4: Flow Control:  
Research Activities: The area on flow control and instabilities is concerned with the separation at airfoils and control of vortex shedding at wing tips. The research on separation involves the use of micro jets to actively control separation on a generic ground vehicle and thus reduce the aerodynamic drag.  In addition, activities with Tohoku University have investigate flow diagnostics (pressure sensitive paint, quantitative schlieren) that can be applied to numerous flow control studies, such as those mentioned above and flow-induced cavity oscillations.

Research Findings: Dr.  Daisuke Yorita, a recent PhD graduate from Tohoku University (under Prof.  Keisuke Asai) visited the lab for two months to train our students in the advanced PSP (pressure sensitive paint) methods developed at Sendai, he was co-hosted at FCAAP by Drs. Cattafesta and Alvi.  Dr. Yorita is an expert in PSP methods and helped train our graduate students at Florida State University in the application and use of this tool. Supersonic impinging jet measurements have been performed using the phase-locked methodology, revealing helical and axisymmetric modes on the ground plane. We are continuing this work, and plan on making additional PSP measurements together with Phase-locked stereo PIV to examine the fundamental instabilities of the impinging jet problem and its impact on the surface flow.

Prof. Kourta spent nearly a month at FCAAP-FSU to discuss opportunities for building upon our initial collaboration on flow control around blunt bodies and generic ground vehicles. (McNally spent a summer in his lab two years ago at the beginning of the NSF PIRE program).  Prof. Kourta and J. P. Bonnet and L. Brizzi also collaborated on developing the NSF IRES proposal (led by Prof. Butler at UF). Even though it was not funded, the reviews were favorable and we plan to submit a proposal in the next cycle.

We also plan on submitting a PUF proposal with our colleagues in France for the 2014 cycle (one was submitted in 2012 but not selected for funding).

Summary of Education Activities Proposed
U.S. graduate students will be supported to work in an international setting with foreign collaborators and advisors, functioning and communicating in a multi-cultural atmosphere. Unique educational opportunities include industry-relevant short courses, training in cutting-edge research, cultural awareness workshops, and international symposia and conferences. Internships in industrial research laboratories will give them access to networking opportunities with industry within an international context. Active recruitment of students from underrepresented groups will contribute to diversifying and internationalizing the body of U.S. students earning STEM graduate degrees. A certificate program in Multiphase Science and Technology will be developed and offered through online distance learning modules, thus making it available to international partners and their students, interested students at other U.S. universities, and as continuing education for industrial partners. U.S. researchers will also build skill sets needed for research in international contexts via cross-collaboration with international partners and co-advising foreign students.  The project’s chief outcome is “21st CENTURY RESEARCH COMPETENT, GLOBALLY SENSITIZED STUDENTS”
:

Educational activities Progress:

2010-11

Courses

Two courses one titled, “ Flow control” and another titled " Microfluidics and bio MEMS" were  offered in the Fall 2010 and spring of 2011.   Students from several PIRE faculty members registered in these courses.   Each course dealt with fundamentals and included laboratory tours and term papers. A course on interfacial instability and another on general hydrodynamic stability will be taught in Fall 2011.  These courses are part of the certificate program that was part of the original proposed project.

Laboratory tours were given to lab tour of the microfluidics laboratory was given to half a dozen students from France in November 2010. 
Many PIRE students enhanced their professional development via two short courses-one on spectral methods and the other on interfacial instability.  

Two students, Brad Messmer and Braden Snook took a one credit “Broader Impacts” course on learning how to transform research into the public sphere.

Two short courses to all students in all three countries were offered. The first was on “Spectral Methods “ and was Offered by Prof Labrosse at the Univ. Florida Campus in November 2010.  The second on “Bubbles and Drops”  was offered also at the Univ. Florida Campus between June 20-24 2011. A third short course was offered by Prof. R. Narayanan at IIT Madras in January 2011 and PIRE students attended. It was supported by the Chevron Corp.
International Travel by Students:  Two students , William Batson and Erdem Uguz went to  France as part of joint degree programs to conduct their research at the Univ. Lille and Univ . Paris as well as St. Gobain Research.  Mr Uguz has also benefited from an internship at St. Gobain. Both students received partial support from a Chateaubriand fellowship that helped leverage the PIRE funding. A third student, M. Thomas Lemee of France was supported by their funds to do joint work at the University of Florida. In the summer of 2011, Mr. Braden Snook went to IUST I Marseille to pursue experiments in suspension dynamics.  

Outreach: Outreach activity included judging Science fair at Lincoln Middle School and arranging for tours of a local Boy Scout troop of the laboratory to try to encourage interests in the sciences.  A simple flow visualization experiment was setup for them to observe, while the student gave an explanation of the basic physics involved
Professor Curtis co-led two undergraduate student outreach workshops in particle technology at the National AIChE Student Chapter Meeting, which precedes the National AIChE Meeting in Salt Lake City, UT in November 2010.
A general article publicising PIRE was authored by Dr. A. Weiner of the French Embassy in Washington DC. titled, “Partenariat universitaire Etats-Unis-France-Japon”
2011-12

Courses:  One course on multi scale modelling was offered during this period. Also two courses, one on nulk hydrodynamic instabilities and another on interfacial instability were offered in Fall 2011. In Spring 2012 a course on computational fluid dynamics was offered. We had a total of 12 PIRE students who took these courses.
Culture Workshop:   Fourteen (14) students and two faculty attended a 10 day Japanese Culture workshop in the summer of 2011. Four of these students, Poom Bunchatheeravate, Brad Messmer, Adam Edstrand  and Chris Cassano took a full semester of Japanese in preparation for their visits to Japan. 
Conference  A conference on extreme flows was conducted by Professor S. Balachander in March 2012 with several experts from France, Argentina the UK and the US giving lectures. There were over 35 participants.
International travel by students:

The Ph D student, Nadim Zgheib is currently at the Univ. Tolouse at IMFT pursuing work on gravity currents.  He has received partial support from the Chateaubriand foundation for this trip.
The PhD student, Poom Bunchatheeravate, conducted  collaborative research in Japan at Kyoto University in the research laboratory of Professor Shuji Matsusaka in the Fall 2011.  He performed charged particle deposition experiments in straight and coiled conduits investigating the effect of particle and pipe wall properties. Adam Edstrand spent three months in Japan at Toholu University conducting research on flow control. With Prof. Asai. 
Trey Batson, Brad Messmer and Thomas Lemee went to Japan to present their research at the Tokyo Univ Science and took the opportunity to witness Microgravity experiments aboard the ISS on the Japanese module Kibo under the supervision of Prof. Ichiro Ueno and Dr. Satoshi Matsumoto. Brad is currently spending the summer of 2012 in Ichiro-san’s laboratory performing experiments on thermocapillary flows leading to hydrothermal waves.
Outreach 
Several PIRE students participated in the Engineering and Science fair where pattern formation experiments were demonstrated to over 700 K-12 children and the public. 

Nine PIRE students and two PIRE faculty were selected to be judges at the Regional Science Fair in Alachua county in February 2012.

Student seminars:  Five student run seminars were held, one in September 2011 in Gainesville, FL., at which Chris Casano and William (Trey) Batson presented. Another student seminar was held in Feb. 2012 in Tallhassee Fl., at which Jon McNally, Adam Edstrand, Thomas Lemee, and Sara Mena presented. Fall 2013 seminar presenters were Aycan Hacioglu and Pham Phong. Spring 2014 presenters were Nadim Zgheib and Brad Messmer
(3)  Leveraged Support Obtained: (grant value $950,000 from EU, JSPS, Chateaubriand and PUF) 
This PIRE project is co-funded by NSF’s Office of International Science and Engineering and the Division of Chemical, Bioengineering, Environmental, and Transport Systems. NSF’s support of this PIRE project leverages existing funding from the European Union Marie Curie Exchanges,  Partner University Fund of the Embassy of France, the University of Florida (UF), the Florida Center for Advanced Aero-Propulsion (FCAAP), fellowships from the Japan Society for the Promotion of Science, Chateaubriand Foundation , J.W. Fulbright,  A.v. Humboldt and the facilities of UF’s Paris Research Center (France) and its Particle Engineering Research Center. 

(4)  PUBLICATIONS: from 2010-2012
Asterisked articles were published with international collaborators and/or with PIRE students under joint degree with International Universities.  
Interfacial Instability
W. Guo and R. Narayanan, “Interfacial Instability due to Evaporation and Convection-Linear and Nonlinear Analyses”, V 650, p. 363-389, J. Fluid Mech. (2010) 

K. Uguz, N. Alvarez, and R. Narayanan, “An Experimental Study of the Stability of Liquid Bridges Subject to Shear-Induced Closed-Flow”, 346, 15, p 464 J. Colloid and Interface Science (2010)

L.E. Johns and R. Narayanan, “ The Rayleigh-Tylor Instability of a Surface of Arbitray Cross-Sectionwith Pinned Edges”,  23, p 012108, Phys. Fluids (2011) 

L.E. Johns and R. Narayanan, “Miscible Displacement in Bounded Fluid Layers-Branching Beyond Critical”, 32, p 91-100, Eur. J Mech., Fluids, (2011)

*K.E. Uguz, L.E. Johns and R. Narayanan, “Stabilizing the Saffman Taylor and Rayleigh Taylor Problems by Heating”, 50, p. 13250-57, I&EC Research (2011)

*W. Batson, L.E. Johns and R. Narayanan, “ Thermal Explosions as Symmetric regions are Displaced into Less Symmetric Regions”, 50, p 13244-49, I&EC Research (2011)
Multiphase and Environmental Flows

Lee, H. and Balachandar, S. "Critical shear stress for incipient motion of a particle on rough bed", Journal of Geophysical Research - Earth Surface, Vol 117, F01026, 2012

Taub, G.N., Lee, H, Balachandar S. and Sherif, S. "A study of similarity solutions for laminar swirling axisymmetric flows with both buoyancy and initial momentum flux", Physics of Fluids, Vol. 23, 113601, 2011

Ozdemir, C.E., Hsu, T.J and Balachandar, S. "A numerical investigation of lutocline dynamics and saturation of fine sediment in the oscillatory boundary layer", Journal of Geophysical Research - Ocean, Vol. 116, C09012, 2011

Suspension Dynamics, Particulate Flows


*B. Metzger and J. E. Butler,``Clouds of particles in periodic shear flow,'' Physics of Fluids, 24, 21703, 2012.

*P. Bunchatheeravate, Y. Fujii , J. Curtis, and S. Matsusaka, “Prediction of particle charge in a diluted pneumatic conveying system by controlling initial charge in an applied electric field”, to be submitted to AIChE Journal, May 2012.

Flow Control

*Aubrun, S., McNally, J., Alvi, F. S. and Kourta A., “Separation Flow Control on A Generic Ground Vehicle Using Steady Microjet Arrays,” submitted to Experiments in Fluids, late Fall 2010, reviews received, under revision 

Venkatkrishnan, L., Wiley, A., Kumar, R. and Alvi, F. S., “Density Field Measurements of a Supersonic Impinging Jet with Microjet Control,” to appear in the AIAA Journal, Vol. 49, No. 2,   pp. 432-438, 2011

Solomon, J., Kumar, R. and Alvi, F. S. “High Bandwidth Pulsed Microactuators for High Speed Flow Control,” AIAA Journal , Vol. 48, No. 10, pp. 2386-2396,  2010.

Alvi, F. S. and Cattafesta, L. N., “The Art and Science of Flow Control – Case Studies Using Visual and Optical Methods,” in Revealing the Invisible- A Review of Flow Visualization Techniques, special edition published by European Physical Journal, Special Topics, Vol. 182, pp. 97–112 ,2010 
*Benard, N., Bonnet, J.P., Moreau, E., Griffin, J., and Cattafesta, L., “On the Benefits of Hysteresis Effects for Closed-Loop Separation Control Using Plasma Actuation,” Physics of Fluids, 23, 083601, 2011.

*Takahashi, H., Liu, F., Palaviccini, M., Oyarzun, M., Griffin, J., Ukeiley, L., and Cattafesta, L. “Experimental Study of Adaptive Control of High-Speed Flow-Induced Cavity Oscillations,” Journal of Fluid Science and Technology, vol. 6, no. 5, pp. 701-716, 2011.

Microfluidics:   
K. Liu and Z. H. Fan, "Thermoplastic Microfluidic Devices and Their Applications in Protein and DNA Analysis," Analyst, vol. 136, pp. 1288-1297, 2011.

R. Khnouf, B. D. Chapman, and Z. H. Fan, "Fabrication Optimization of a Miniaturized Array Device for Cell-Free Protein Synthesis," Electrophoresis, 32, 3101–3107, 2011.  

X. Xu, K. Liu, and Z. H. Fan, “Microscale Two-dimensional Separation Systems for Proteomic Analysis”, Expert Review of Proteomics, 9, 135-147, 2012.

Conference Publications

*Edstrand, A., Deem, E., Reger, R., Pascioni, K., Griffin, J., Cattafesta, L. “Wandering Correction of Wing Tip Vortices with Deconvolution Methods,” 9th International Conference on Flow Dynamics, Sept. 19-21, 2012, Sendai, Japan.

C. LaMarche, P. Metzger, and J. Curtis, “Cratering of a Lunar Soil Simulant, JSC-1A, by a Turbulent Subsonic Jet”, Earth and Space 2012 Conference, Pasadena, CA, 9 pages (2012)

P. Bunchatheeravate, S. Brown, and J. Curtis, “Novel techniques for imaging particle in human airway model using near-infrared spectrum”, Proceedings of the 7th International Conference on Multiphase Flows, Tampa, Florida  7 pages (2010)

Conference Presentations:

K.E. Uguz and R. Narayanan, “Evaporative instability:, Bifurcation in Fluid Dynamics, Barcelona, Spain, July 18 2011

W. Batson, F. Zouesthiagh and R. Narayanan, “ Faraday Instability”, ISPS, Bonn, Germany,  July 11 2011
K. E. Uguz, F. Piggeoneau, G. Labrosse and R. Narayanan, “Flow simulation for a high Prandtl number liquid heated from above “, APS Fluid Dynamics Meeting, Baltimore, Nov. 2011

W. Batson, F. Zouesthiagh and R. Narayanan, “ Faraday Instability in Bounded Cylinders”,  APS Fluid Dynamics Meeting, Baltimore, Nov. 2011

T. Lemee, G. Kasperski, G. Labrosse, and R. Narayanan, “Break of the symmetry in a two-lid driven cavity”,  APS Fluid Dynamics Meeting, Baltimore, Nov. 2011
Publications in 2012-13
Particulates and Suspensions:
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