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INTRODUCTION
A five-year, $5.2 million project at the City College of New York (CCNY) supported by the National Science
Foundation’s Office of International Science & Engineering has entered its second year in October 2018. This
PIRE project builds upon and enhances existing collaborations among CCNY and three Norwegian, four
French and five German institutions with the US playing a leadership role in investigations of multi-scale
phenomena in complex (Non-Newtonian), multi-phase fluids that are vital to energy technologies. Multi-phase
fluid flows play an important role in nature and in the environment. Multi-phase flow research is of vital
importance to many key energy technologies on a global scale, including oil-gas production and processing,
energy conversion and storage, refrigeration and heating/cooling industries, as well as mineral and materials
processing, and the pharmaceutical, personal care and food industries.
The overarching research objectives of this PIRE project are thus to (i) elucidate molecular-level phenomena
that govern the formation, aggregation and stability of interfaces and network structures in multi-phase
systems, and (ii) control their development and effects on macro-scale rheology and transport processes. To
this end, this PIRE project has continued to investigate phase and structure formation, molecular adsorption
and reactions at and between interfaces and their effects on macroscopic transport processes in complex
multiphase systems as described in detail in the First Annual Report. The essential problem relates to the
linkage of scales and the understanding of coupling between the molecular and macroscales which can enable
control of important properties of complex fluids in many applications. Thus, this research project on complex
fluids comprises of two research themes:
Research Theme #1. Molecular-scale phenomena in complex, multi-phase fluids: interfacial adsorption,
reactions, and structure formation. The objective of this theme is to better understand: (i) molecular adsorption,
crystal nucleation, and particle aggregation of the network-forming phase at interfaces, (ii) the subsequent
formation of network structures by multi-layer adsorption, crystal growth, and particle aggregation within the
continuous phase, and (iii) how to control these phenomena at a molecular level to eliminate, mitigate,
promote, or accelerate network formation to optimize macroscopic fluid behavior.
Research Theme #2. Macroscopic complex fluid transport processes and properties: effects of interfacial and
network structures. The objective of this theme is to quantitatively measure, understand, and control how
network structures affect macroscopic transport and physicochemical properties of multi-phase complex fluids.
The formation of interfacial and network structures is expected to affect phase stability, surface rheology, bulk
rheology, phase distributions, sedimentation, and transport properties.
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Investigations of these themes have continued in Year 2 under four Research Thrusts and Modeling &
Simulation as explained in detail in the next section. The critical common issue is that molecular-scale
phenomena, particularly at interfaces, impact macro-scale properties and behavior.
An important societal outcome of this project is that it would advance and transform key engineering
technologies of high relevance in the energy industries and importance in environmental sustainability. The
institutional impacts are generated from the international partnership with some of the most respected
international researchers in the field. The project has also continued to contribute to STEM education of
exceptional undergraduate and graduate students from underrepresented groups by providing them with
outstanding research opportunities and extensive international experiences at home and in partner countries.

International Collaborators and Their Funding Status
This project involves a total of nineteen collaborating researchers (7 from Norway, 6 from France and 6 from
Germany) from eleven institutions. Foreign sponsors of this international project include Norway’s Research
Council of Norway (RCN), France’s Agence Nationale de la Recherche (ANR) and Germany’s Deutsche
Forschungsgemeinschaft (DFG). Norwegian and French collaborators have received funding but German
collaborators have not yet been successful in obtaining funding.

PIRE Faculty at City College of New York
Six Engineering faculty and one Physics faculty at City College
of New York are involved in this project as PI, Co-PI and Senior
Personnel as listed below. Dr. Vincent Pauchard who was a
faculty member and Co-PI at the start of this project but left
CCNY in January 2018, is still involved in this project as a
technical consultant and guest researcher of the CUNY Energy
Institute.
PI: Masahiro Kawaji (Prof. of Mechanical Engineering;
Associate Director, CUNY Energy Institute)
Co-PI: Sanjoy Banerjee (Distinguished Prof. of Chemical
Engineering; Director, CUNY Energy Institute)
Co-PI: Robert Messinger (Assistant Prof. of Chemical
Engineering; CUNY Energy Institute)
Co-PI: Jeff Morris (Prof. of Chemical Engineering;
Director Levich Institute)
Co-PI: Taehun Lee (Associate Prof. of Mechanical
Engineering; CUNY Energy Institute)
Senior Personnel: Joel Koplik (Prof. of Physics; Levich
Institute)
Senior Personnel: Charles Watkins (Prof. of Mechanical
Engineering)
Technical Consultant: Dr. Vincent Pauchard

Postdoctoral Fellow
A postdoctoral researcher, Dr. Dinesh Kalaga, with a doctorate degree in Chemical Engineering and expertise
in multiphase reactors has been involved in the PIRE project since March 2018. He is well experienced in
advanced research having been involved earlier in various projects funded by the US Department of Energy
and Advanced Research Projects Agency-Energy (ARPA-E) on bioreactors and Very High Temperature
Reactor. In the PIRE project, he has been conducting research on drilling fluids.
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Postdoctoral Fellow

Dr. Dinesh K. Kalaga

PhD Students
Six PhD students have been supported by the PIRE project from Year 1: Artur Zych and Geng Liu in
Mechanical Engineering, and Manizheh Ansari, Fang Liu, Fanny Thomas, and Shaghayegh Darjani in
Chemical Engineering. They have been conducting experimental, theoretical or numerical simulation research
in different Research Thrusts making satisfactory progress in their doctoral research under the PIRE project.
Many of them are expected to complete their doctoral research and graduate by the end of 2019. At the
beginning of Year 2, four new PhD students were recruited from Chemical and Mechanical Engineering
Departments with First Year PhD fellowships that come with tuition waivers for up to five years from City
College: Yu Han, Dennis Burgner, Jungeun Park, Chunheng Zhao.

Yu Han
PhD Student
Chemical Engineering

Jungeun Park

Chunheng Zhao

Dennis Burgner

PhD student
Chemical Engineering

PhD student
Mechanical Engineering

PhD student
Chemical Engineering
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Master’s Students
Two Master’s students, Yamile Vargas and Carlos Tavarez, from Chemical Engineering have been recruited
to develop a PIRE database and website.

Yamile Patino Vargas

Carlos Tavarez

Computer Science

Data Science and Engineering

Undergraduate Students
Two Mechanical Engineering undergraduate students, Alejandro Varela and Itung Chen, have been recruited
for summer internships at our collaborating institutions (IRSTEA in France and NTNU/SINTEF in Norway),
respectively. They are spending two months working on research projects directly relevant to the Gas
Hydrates and Drilling fluids Research Thrusts. After they return to CCNY, both students will give
presentations on their research activities and international experience. Alejandro Varela will continue his
research work in an Independent Study during Fall semester, 2019. Itung Chen has been accepted and will
join the Mechanical Engineering Department as a new PhD student in September 2019. Having gained an
intimate knowledge of the drilling fluids at NTNU and SINTEF in Norway, he will continue working in the
Drilling fluids Research Thrust.

Itung Chen

Alejandro Varela

Mechanical Engineering

Mechanical Engineering

Project Manager and Internal Advisor
Anna Volovik has been working as a PIRE Project Manager since October, 2017, and Dr. John Tsapogas of
Research Foundation of CUNY has been our internal advisor.

PIRE Project Manager: Anna Volovik

Internal Advisor: Dr. John Tsapogas

PIRE Advisory Board
The PIRE project has an Advisory Board consisting of four academic members, Prof. Morton Denn (Albert
Einstein Professor of Science and Engineering Emeritus, Levich Institute, and member of National Academy
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of Engineering), Prof. Dan McCloskey (former CUNY Interim Associate Vice Chancellor and University Vice
Provost for Research), Prof. Lamia Goual (Associate Professor of Petroleum Engineering at the University of
Wyoming), and Prof. Francisco Vargas (Louis Owen Assistant Professor of Chemical and Biomolecular
Engineering at Rice University), and two industrial members, Dr. Oliver Mullins (Schlumberger Fellow and a
member of National Academy of Engineering), and Dr. Harald Kallevic (Equinor).

From left to right: Drs. M. Denn, D. McCloskey, L. Goual, and F. Vargas, O. Mullins and H. Kallevic
A Second Advisory Board Meeting was planned to be held during the Second Annual Review Meeting in
Trondheim in Norway, but the time difference between Europe and the US made it difficult to schedule the
meeting properly. So, the Advisory Board meeting has been postponed until August or September, 2019,
subject to the availability of the Board members.

External Evaluator
An External Evaluator of this PIRE project is Prof. Denis Gray of North Carolina State University who has
contributed to this project by reviewing the relevant activities conducted in Year 2, interviewing students and
providing feedback to the PIRE Management team. His draft evaluation report for Year 2 is attached to this
Annual Report.

International Collaborators
Our research collaborators include some of the most respected international researchers in the field from
Norway, France and Germany. Norwegian collaborators include Drs. Harald Linga, Bjornar Lund, and Martin
Fossen from Norwegian Foundation for Scientific & Industrial Research (SINTEF), Profs. Ole Jørgen Nydal
and Sigbjorn Sangesland from Norwegian University of Science and Technology (NTNU), and Profs. Atle
Jensen and Andreas Carlson from University of Oslo (UIO).

Norway
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In France, our collaborators include Profs. Olivier Masbernat and Micheline Abbas from National
Polytechnique Institute of Toulouse (INP-ENSIACET), Drs. Laurence Fournaison and Anthony Delahaye
from the National Research Institute of Science and Technology (IRSTEA), Prof. Didier Dalmazzone from
École Nationale Supérieure (ENSTA Paris), and Dr. Aude Simon from Laboratoire de Chimie et Physique
Quantiques (LCPQ).

France

German collaborators are Prof. M. Krause from Karlsruhe Institute of Technology (KIT), Prof. P. Neumann
from University of Hamburg (UH), Prof. G. Deerberg from Ruhr-Universität Bochum (RUB)/Fraunhofer
UMSICHT, Drs. S. Gschwander and P. Schossig from Fraunhofer ISE, and Dr. U. Scheler from Leibniz Institut
Dresden (IPF).

Germany

PROJECT GOALS
This PIRE Project has three major goals concerning research, education and international partnerships:
1. To advance knowledge and make transformative scientific discoveries to improve energy and process
efficiency in industrial systems on a global scale.
2. To accelerate education and training of students and postdocs by providing unique opportunities in
international research
3. To build strong international partnerships by sharing resources and research infrastructure within and
across institutions
In Year 2, we continued to address all three goals under four Research Thrusts and a Modeling and Simulation
group, all of which involve researchers from CCNY and European institutions as listed below.
Research Thrust 1: Asphaltene Adsorption, Aggregation, and Interfacial Effects
CCNY: Pauchard, Banerjee, Messinger, Koplik, Lee, Liu, Darjani; SINTEF: Fossen; INP-LGC:
Masbernat; LCPQ: Simon; IPF: Scheler
Research Thrust 2: Formation and Control of Gas Hydrate Slurries
CCNY: Morris, Pauchard, Kawaji, Banerjee, Messinger, Lee, Thomas, Brugner; IRSTEA: Fournaison,
Delahaye; ENSTA Paris: Dalmazzone; RUB/Fraunhofer UMSICHT: Deerberg, Janicki; SINTEF:
Fossen
Research Thrust 3: Drilling Fluids and Mechanisms of Particle Sedimentation
CCNY: Banerjee, Kawaji, Morris, Kalaga, Ansari; SINTEF: Linga, Lund, Larsen, Fossen; NTNU:
Nydal, Sangesland, Skalle; UIO: Jensen, Carlson; INP-LGC: Masbernat, Abbas
Research Thrust 4: Phase-Change-Material Nanoemulsions for Energy Transport and Storage
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CCNY: Kawaji, Messinger, Zych, Kalaga, Park; Fraunhofer ISE: Gschwander, Schossig, Biedenbach;
IRSTEA: Delahaye, Fournaison; ENSTA Paris: Dalmazzone; INP-LGC: Masbernat; IPF: Scheler
Modeling and Simulation
CCNY: Lee, Koplik, Banerjee, Liu, Darjani, Han, Zhao; KIT: Krause; U. Hamburg: Neumann; LCPQ:
Simon; INP-LGC: Abbas
A unifying approach adopted by all Research Thrusts is to identify a model fluid or system with reduced
complexity compared to the actual complex fluid as shown below. The model systems for some Thrusts were
designed to capture the relevant physics and chemistry and would then be studied in detail to yield improved
multi-scale understanding of the original system.

Unifying strategy for studying the proposed complicated, industrially relevant engineering systems
In Year 2, some of the cutting-edge experimental and theoretical techniques available at CCNY and
collaborating institutions as shown below have been utilized to probe physicochemical phenomena up from
the atomic length scale to macroscale.

Advanced Research Tools available for Different Length Scales
Our multi-national research collaborators have started employing many of these techniques and methods: e.g.,
multi-dimensional, pulsed-field gradient (PFG) and Rheo-NMR (Messinger and Scheler); X-ray and gammaray techniques (Kawaji, Banerjee and Jensen); phase change properties (Kawaji, Gschwander, Schossig,
Fournaison and Delahaye); Planar Laser Induced Fluorescence, Tomographic PIV (Jensen), Micro Raman
Spectroscopy and DSC microscopy (Masbernat); lattice-Boltzmann simulations (Lee, Krause, Neumann,
Banerjee, and Morris); Stokesian dynamics, rheometry, and flow modeling (Morris); pendant droplet and QCM
(Pauchard); DFT (Aude); MD (Koplik); Lattice Boltzmann (Lee, Krause, Neumann).
At the Second Annual Review Meeting held at NTNU/SINTEF in Trondheim, Norway on June 17-18, nine
researchers from CCNY and nearly 20 researchers from Europe attended and actively discussed the latest
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research findings arising from the use of advanced research tools available at different institutions for each
Research Thrust.

RESEARCH ACTIVITIES
In this section, the research activities from each Research Thrust are summarized.

Research Thrust 1: Asphaltenes (Thrust Leader: Prof. Robert Messinger assisted by Dr. V.
Pauchard)
Research on asphaltene adsorption, aggregation, and interfacial effects has been
conducted actively by CCNY researchers and international collaborators including
Profs. Sanjoy Banerjee and Joel Koplik, and Fang Liu and Shaghayegh Darjani at
CCNY, Dr. Aude Simon at LCPQ and Prof. Olivier Masbernat at INP-LGC in
Toulouse, France, Dr. Martin Fossen at SINTEF, Norway and Dr. Ulrich Scheler at
IPF in Dresden, Germany. After Dr. Vincent Pauchard left CCNY in January 2018,
Prof. Robert Messinger was appointed as the Thrust leader for the Asphaltenes
Thrust, while Dr. Vincent Pauchard has continued to participate in the PIRE project
as a technical consultant and joint advisor of Fang Liu’s and Shaghayegh Darjani’s
doctoral dissertation with Prof. Banerjee.
Asphaltenes are poly-disperse mixture of peripheral alkyl chains with different length, different heteroatoms
with polar functionality in the PAH core, and have an average molecular weight of ~ 750 g/mol with a range
from 400 to 1500 g/mol, are insoluble in alkanes but soluble in aromatic solvent, and the most polarizable and
surface active component of the crude oil.
Experimental and theoretical investigations have been conducted by two PhD students in Chemical
Engineering Department at CCNY, Shaghayegh Darjani and Fang Liu. Shaghayegh has been studying the fluid
to solid phase transition of asphaltenes laden interface advised by Dr. Vincent Pauchard and in collaboration
with Dr. Aude Simon at LCPQ in France. Shaghayegh Darjani attended the ACS Colloid & Surface Science
Symposium on June 16- 19 in Atlanta and gave a presentation entitled " Liquid-Hexatic-Solid Phase Transition
of Hard-core Lattice Gas". She also gave an invited seminar talk at CCNY on April 8th, 2019, entitled "Phase
transition of two-dimensional hard-core lattice gases at the interface." She has recently submitted a journal
paper: Darjani, S., Koplik, J., Banerjee, S., Pauchard, V., “Liquid-Hexatic-Solid Phase Transition of a HardCore Lattice Gas with Third Neighbor Exclusion", Journal of Chemical Physics.
Fang Liu has been developing a methodology to predict asphaltenes adsorption behaviors and their effects,
which are of great theoretical interest in upstream engineering for the oil industry. Building on her industrial
internship experience in the Materials, Corrosion and Flow Assurance group of ExxonMobil Upstream
Research Company in Houston, TX, last summer, she has been working closely with our partners at Multiphase
Flow Assurance Centre (FACE) of SINTEF in Norway. Her research involves the study of asphaltenes
interfacial behaviors at oil-water interfaces and the investigation of how asphaltenes precipitate onto the
hydrophilic solid surfaces, and the mixture effects of asphaltenes on dilatational rheology behavior of
asphaltenes-laden interface. Her work includes an experimental study of asphaltenes adsorption on solid
surfaces using quartz crystal microbalance with dissipation (QCM-D) technique. She made a presentation
entitled “Kinetics study of asphaltenes adsorption onto hydrophilic solid surfaces”, at the 2018 AIChE Annual
Meeting, Pittsburgh, PA, in October 2018.
At the Asphaltenes Thrust meeting on December 10, 2018, attended remotely by collaborators from France
and Norway, both Shaghayegh Darjani and Fang Liu presented their research work on asphaltenes.
“Lattice Gas Model for Asphaltenes Adsorption at Water/oil Interface” by Shaghayegh Darjani (CCNY)
“Development of a Methodology to Model Adsorption Behaviors of Asphaltenes at Fluid-fluid Interface”
by Fang Liu (CCNY)
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In the Asphaltenes Thrust meeting on April 5, 2019, Dr. Frédéric Risso from Prof. Olivier Masbernat’s group
at the University of Toulouse and Dr. Vincent Pauchard gave the following talks.
“Interfacial dynamics and rheology of a crude-oil droplet oscillating in water at high frequency” by Dr.
Frédéric Risso (University of Toulouse)
“Study of asphaltene adsorption at fluid-fluid interface” by Dr. Vincent Pauchard
At the Second Annual Review Meeting on June 17-18, 2019 attended by nearly 30 researchers in person or
remotely by video conferencing, the following presentations were given.
“Study of Asphaltene Deposition Using QCM-D Techniques” by Fang Liu (CCNY)
“Study of asphaltene adsorption at fluid-fluid interface” by Dr. Vincent Pauchard
“Asphaltene Fractionation” by Dr. Martin Fossen
Through these presentations followed by active Q&A, all the participants were able to gain a better
understanding of the fundamental scientific issues involved in the asphaltenes-related research in this PIRE
project.

Research Thrust 2: Gas Hydrates (Thrust Leader: Prof. Jeffrey Morris)
Research to date at CCNY in Thrust 2, Gas Hydrates, has focused on further
developing interfacial numerical tools to apply to the problem of clathrate hydrate
crystal formation at interfaces as occurs in emulsions, the influence of flow
processes on these, and how the hydrate affects the mixture flow properties.
Fanny Thomas, a Ph.D. student advised by Prof. Morris and working
collaboratively with Prof. Didier Dalmazzone at ENSTA Paris in France, has
worked to develop a three-phase (solid hydrate with hydrocarbon and aqueous
liquid) solver based on a diffuse interface model coupled to a lattice-Boltzmann
solver. This will be developed in combination with experiments Fanny Thomas
conducted in the laboratory of Prof. Dalmazzone during her internship from September 2018 to March 2019.
This Thrust also involved collaboration with the team at the laboratory IRSTEA (Drs. Laurence Fournaison
and Anthony Delahaye). The goal of Fanny’s experiments was to establish the contact angle of cyclopentane
hydrate with the CP-containing organic and aqueous phase, without and with surfactants. Fanny presented her
findings at the Thrust meeting held on June 6, 2019 and the Annual Review Meeting on June 17, 2019, and is
preparing the work for publication.
In the Gas Hydrates Thrust meeting held on November 15, 2018, the following presentations were given:
“Gas storage in porous media by adsorption and gas hydrate formation” by Georg Janicki (Fraunhofer
UMSICHT, Germany)
“In situ measurement of gas consumption during CO2 hydrate crystallization” by Prof. Didier Dalmazzone
(ENSTA Paris)
“Updates on ongoing projects” by Dr. Sebastien Teychené and Prof. Olivier Masbernat (Toulouse INP
ENSIACET)
“Updates on ongoing projects” by Fanny Thomas (CCNY) joint work with ENSTA Paris.
In the Gas Hydrates Thrust meeting held on June 6, 2019, the following presentations were given:
“Current Gas Hydrate Related Activities at SINTEF – From Pilot Testing to Molecular Modelling” by Dr.
Martin Fossen (SINTEF)
“Measuring the Wetting Properties of Cyclopentane Hydrates” by Fanny Thomas (CCNY)
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At the Second Annual Review Meeting on June 17-18, 2019, three presentations were given by CCNY and
French researchers.
“Low pressure CO2 + cyclopentane mixed hydrate formation and thermodynamic properties” by Prof. Didier
Dalmazzone (ENSTA Paris)
“CO2 hydrate kinetics characterized by FTIR-ATR” by Dr. Anthony Delahaye (IRSTEA)
“Measuring the wetting properties of cyclopentane hydrates” by Fanny Thomas (CCNY)

Research Thrust 3: Drilling Fluids (Thrust Leader: Prof. Sanjoy Banerjee)
In close collaboration with researchers at SINTEF (Drs. Harald Linga, Bjornar
Lund and Titus Ofei), NTNU (Prof. Sigbjorn Sangesland) and University of
Oslo (Prof. Atle Jensen and Dr. Blandine Feneuil) in Norway, the CCNY
researchers (Profs. S. Banerjee, M. Kawaji, R. Messinger, Dr. D. Kalaga, a PhD
student, Manazheh Ansari, a summer internship student Itung Chen, and a high
school internship student, Christopher Silva) have been conducting
experimental research on drilling fluids to better understand their behavior and
improve their performance in the oil fields. The drilling fluids are used in oil fields to maintain safe and
efficient drilling operations, and to manage pressure in the wellbore to prevent water from seeping in from the
surroundings. The oil-based drilling fluids also aid in transporting cuttings to the surface, cooling and
lubricating the drill bit and drill string, and maintaining wellbore stability. They are non-Newtonian fluids
composed of base oil, water, weighting agents, stabilizing agents, organophilic clays and other additives. Since
the weighting agents (e.g. barite) are particulates that maintain the density of the drilling fluid, their settling
("aka sag") may result in loss of pressure control, uncontrolled flow of fluids from or into the formation and
wellbore instabilities. The mechanism of sedimentation of barite particles as well as the rheological
characteristics of drilling fluids have been investigated in detail in this Research Thrust. The Norwegian
supplier of commercial drilling fluids, MI Swaco, has provided commercial samples of the drilling fluids for
testing at CCNY. After discussions with SINTEF researchers, Drs. Bjornar Lund and Harald Linga of SINTEF,
and Richard Gyland of MI Swaco, individual components needed to prepare drilling fluids were also obtained
from MI Swaco and have been used to synthesize different model fluids with less complexity for testing and
characterization purposes. A hot roller was also purchased to replicate the synthesis of commercial drilling
fluids. The samples made using all the ingredients and the hot roller showed close agreement in rheological
properties with those of MI Swaco’s commercial drilling fluids.
At CCNY, Dr. Dinesh Kalaga and a PhD student, Manizheh Ansari, have performed measurements using Xray and Gamma densitometry and cryo-SEM, to standardize the experimental techniques needed to determine
the rate of sedimentation of Barite particles in the drilling fluid. Both stagnant test cells and a rotating Couett
cell have been designed, built and used to measure the Barite particle sedimentation rates in model drilling
fluids. Micro X-ray computed tomography (CT) system available at CCNY has also been used to measure
changes in the density distributions in drilling fluid samples over a long duration, but the drilling fluid samples
under stagnant conditions appeared to have formed a gel structure preventing any Barite particle sedimentation.
Apart from the sedimentation measurements, Manizheh Ansari and Dr. Kalaga have also performed
rheological measurements to understand the rheological behavior of the drilling fluid by varying shear rates
(0.01-1000 1/s), angular frequency, oscillation displacement and temperature from 0 to 60 °C. Viscosity of the
drilling fluid has been found to decrease with increasing temperature and shear rate confirming the shear
thinning behavior of the fluid. In the future, NMR spectroscopy could be utilized to study the importance of
molecular interactions between the stabilizing agents and weighting agents.
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In the Drilling Fluids Thrust meeting held on November 13, 2018, the following presentations were given:
“Key R&D targets –plans and proposal for the PIRE collaboration” by Dr. Harald Linga and Dr. Bjornar Lund
(SINTEF)
“Drilling Fluids and Mechanisms of Particle Sedimentation − Part I” by Manizheh Ansari (CCNY)
“Drilling Fluids and Mechanisms of Particle Sedimentation − Part II” by Dr. Dinesh Kalaga (CCNY)
In the Drilling Fluids Thrust meeting on May 13, 2019, the following presentations were given:
“A new approach to dynamic barite sag analysis” by Dr. Titus Ofei (SINTEF)
“Particle settling experiments at SINTEF: plans and proposals” by Dr. Bjornar Lund (SINTEF)
“Microstructure and Rheological Properties of Oil-based Drilling Fluids” by Manizheh Ansari (CCNY)
“Settling of Micronized Barite Particles in Oil-based Drilling Fluids” by Dr. Dinesh Kalaga (CCNY)
At the Second Annual Review Meeting, Prof. Masahiro Kawaji described the settling of micronized barite
particles in oil-based drilling fluids, based on a paper jointly prepared with SINTEF and MI Swaco, and
presented at the International Conference on Multiphase Flow in Rio de Janeiro, Brazil, May 19-24, 2019.
Dinesh V. Kalaga, Manizheh Ansari, Sanjoy Banerjee, Masahiro Kawaji, K. Richard Gyland, Bjornar Lund
and Harald Linga, “Settling of micronized barite particles in oil-based drilling fluids”, Proc. of the 10th
International Conference on Multiphase Flow, ICMF 2019, Rio de Janeiro, Brazil, May 19 – 24, 2019.
Other presentations were as follows.
“Static and Dynamic Barite Sag Potential of Typical Oil-Based Drilling Fluid” by Titus Ofei (SINTEF)
“Sedimentation of particles in drilling fluids” by Blandine Feneuil and Prof. Atle Jensen (University of
Oslo)
Notable comments from participants were that using model drilling fluids with less complexity and reduced
number of components should lead to a better understanding of the effect of each component on rheological
and particle sedimentation characteristics in drilling fluids.

Research Thrust 4: PCM Nanoemulsions (Thrust Leader: Prof. Masahiro Kawaji)
Two PhD students, Artur Zych and Jungeun Park have been conducting research in
the PCM Nanoemulsions Thrust, assisted by a high school internship student, Ms.
Nikita Subramanian. Ms. Jungeun Park joined Prof. Robert Messinger’s lab at CCNY
in September 2018, and began research in the Spring semester, 2019. PCM
nanoemulsions were synthesized with various surfactants (span 60, tween 60, and
SDS) in different concentrations in distilled water as the continuous phase. The
solutions were synthesized with two different methods: homogenization and lowenergy method, which showed most promising results with homogenizing the
emulsion that were utilized in further production. Two different oil phases were
employed for different temperature ranges, octadecane and paraffin.
An interesting finding was that storage of PCM nanoemulsions at elevated temperatures caused destabilization,
leading to a conclusion that the formulation needs modifications. Hence, through talks with an expert on
surfactants, Prof. Jeffery Harwell of University of Oklahoma, who gave an invited PIRE Project seminar at
CCNY in October 2018, valuable information was obtained on formulations. Later, on May 28-30, 2019, Artur
Zych attended a Short Course on Surfactants organized by Prof. Harwell and learned the best choice of
surfactants based on certain applications as well as the scientific reasoning on how these amphiphiles behave
under other conditions. This Short Course also facilitated in the understanding of why the destabilization
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occurred in the emulsion at elevated temperatures. Artur Zych and Jungeun Park used Dynamic Light
Scattering (DLS) with Malvern ZetaSizer, as well as Horiba Particle Analyzer, to obtain the targeted size of
nanoemulsions of around 200 nm. They also learned how to acquire data with the LumiSizer to find the
creaming rate.
Both PhD students participated in PCM Nanoemulsions Thrust meetings in November 2018 and May 2019, to
discuss research progress with our collaborators. Artur Zych also interacted with two researchers (Prof. Edgar
Acosta, University of Toronto and Prof. Steven Abbott, University of Oxford) to gain insight on which
direction to take when creating these nanoemulsions. During this year’s Annual Review Meeting, he spoke
with Dr. Laurence Fournaison of IRSTEA regarding the type of surfactants to use for gas hydrates based on
the information gained from the Short Course on Surfactants.
Artur Zych utilized the ARES G2 Tensiometer (TA instruments) to obtain the viscosity of the PCM
nanoemulsions and study how the viscosity changes with the volume fraction of PCM. The viscosity data gave
useful information on which flowmeter to purchase for the heat transfer loop and the range for pressure
transducers. They also gained knowledge on the Differential Scanning Calorimetry (TGA Q1500) to determine
the melting and freezing temperatures of PCM nanoemulsions and how they deviate with thermal cycling and
aging. Furthermore, both PhD students, Artur Zych and Jungeun Park, have been learning NMR spectroscopy
to reveal molecular-level information on the local environments, compositions, and dynamics of the oil and
surfactant species from solution-state 1H and 13C NMR measurements.
At the PCM Nanoemulsions Thrust meeting on November 28, 2018, five presentations were given:
“Advanced NMR Methods Applied to Phase Changing Nano-emulsions” by Prof. Robert Messinger
“Stability and Molecular Mobility for Phase-Change Materials” by Dr. Ulrich Scheler
“CO2 Hydrates as Phase Change Material for Cold Storage and Transfer - Crystallization Kinetics Studied
Using Pressure-controlled DSC and FTIR/ATR Spectroscopy” by Prof. Didier Dalmazzone, Drs.
Amokrane Boufares, Elise Provost, Véronique Osswald, Pascal Clain, Anthony Delahaye, and Laurence
Fournaison (IRSTEA and ENSTA Paris)
“Molecular Modeling of Gas Hydrates & in silico Prediction of IR Spectra” by Drs. Julian Garrec and
Dominik Domin (ENSTA Paris)
“Microemulsions: Surfactant Considerations” by Artur Zych (CCNY)
At the PCM Nanoemulsions Thrust meeting on May 16, 2019, three presentations were given:
“Influence of the Emulsifier Concentration on the Viscosity of Paraffin Wax Phase Change Slurries (PCS)”
by Dr. Stefan Gschwander (Fraunhofer ISE)
“HLD Method for Microemulsion Stability” by Prof. Edgar Acosta (University of Toronto)
“PCM Nanoemulsions: Surfactant Considerations” by Artur Zych (CCNY)
At the Second Annual Review Meeting, on June 17-18, 2019, the following presentations were given:
“PIRE Thrust IV: Phase-Change-Material Nanoemulsions” by Artur Zych
“Experimental study of energy efficiency of CO2 hydrate slurry in a coil heat exchanger” by Dr. Laurence
Fournaison (IRSTEA)
“NMR & PIRE: Update, Plan, & What You Can Learn” by Prof. Robert Messinger (CCNY)

Modeling and Simulation Group (Leader: Prof. Taehun Lee)
In the Modeling and Simulation group, the participants include Profs. Joel Koplik, Taehun Lee, and Jeffrey
Morris from CCNY, international collaborators, Drs. Aude Simon and Micheline Abbas from France, Profs.
Mathias Krauss and Philipp Neumann from Germany, and Prof. Andreas Carlson from Norway. Four PhD
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students from CCNY, Geng Liu, Shaghayegh Darjani, Fanny Thomas and Chunheng Zhao are involved in this
Modeling and Simulation Group as well as two German PhD students: Marc Haussmann and Maximilian
Gaedtke from KIT.
Three major modeling approaches are employed in the Modeling & Simulation group. In the continuum
approach, the lattice Boltzmann method (LBM) is used, which is a minimal kinetic approach that recovers the
near incompressible Navier-Stokes (NS) equations at low Mach number. As a kinetic method, LBM enables
us to tackle some fundamental physical problems found in drilling fluids, gas hydrate slurries, and PCM
nanoemulsions thrusts at substantially lower computational cost. Profs. Taehun Lee and Jeffrey Morris at
CCNY have developed an open-source LBM code suitable for the applications in wetting, emulsion
stabilization, and capillary bridge. A novel “diffuse bounce back” scheme has been developed by applying a
series of integration by parts to the weak formulation of the lattice Boltzmann equation in multiple domains
that consist of fluid and solid regions. It is designed to eliminate pressure fluctuations and conserve mass in
three-phase (liquid/liquid/particle) flows when the particles are moving on a fixed background mesh. The
researchers in the Modeling and Simulation Group are in the process of extending the diffuse bounce back
scheme to particle sedimentation.
A systematic approach to the electrocoalescence of particle-laden drops has been used by Profs. Joel Koplik
and Charles Maldarelli of the CCNY Chemical Engineering Department and by a PhD student, Yu Han. In
petroleum recovery, small emulsion drops of water in crude oil are often coated with small particulates, that
can lead to corrosion, catalyst deactivation and other problems. The emulsions are generally charged, and an
applied electric field can force the drops to coalesce and coarsen so that they settle out and may be easily
separated. Theoretical approaches to the coalescence problem are difficult because of the contrast in time
scales between slow viscous flow and rapid interfacial rearrangement, and complicated further by the presence
of ions and solids. Thus, the slower parts of the process will be simulated by boundary integral methods, and
subsequently the rapid interfacial rearrangements will be addressed by molecular dynamics simulations.
At the Modeling and Simulations Group meetings and the Annual Review Meeting, the following presentations
were made to describe different modeling approaches used to analyze the behaviors of various complex fluids
investigated in the four Research Thrusts in this PIRE Project:
Modeling and Simulation Group Meeting on December 5, 2018
“Molecular Modeling of Gas Hydrates & in silico Prediction of IR Spectra” by Dr. Julian Garrec (ENSTA
Paris)
“Is Over-relaxation a Physical Effect? Deriving Lattice Boltzmann Method Collision Operator using the
Molecular Dynamics Lattice Gas Approach” by Ms. Aleksandra Pachalieva (Technical University of
Munich)
“Diffuse Bounce Back Lattice Boltzmann Method for Moving Walls and Force Evaluation” by Geng Liu
(CCNY)
Modeling and Simulation Group Meeting on May 1, 2019
“Axisymmetric deformation of a conducting drop under uniform electric field” by Yu Han (CCNY)
“Some applications of classical molecular dynamics simulations” by Prof. Joel Koplik (CCNY)
“Directional spreading of a viscous droplet on a conical fibre” by Prof. Andreas Carlson (University of Oslo)
Second Annual Review Meeting on June 17-18, 2019
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“Directional spreading of a viscous droplet on a conical fibre” by Prof. Andreas Carlson (University of
Oslo)
“Diffuse Bounce Back Lattice Boltzmann Method” by Geng Liu (CCNY)
“Molecular Dynamics Methods” by Prof. Joel Koplik (CCNY)

EDUCATIONAL ACTIVITIES AND GOALS
Over the five years of this project, a total of 7 PhD students will be supported and trained for four years each
to conduct research, and three postdoctoral fellows for one to two years each, and two Master’s students each
year, one from engineering and the other from Computer Science, to work on the database and website
development and maintenance.
Our major Educational goals are to:
•

Mentor and train outstanding undergraduates, graduate students and postdocs in international research

•

Provide trainees with technical, cultural and collaborative skills to excel in the globalized scientific
community

•

Target underrepresented groups for recruitment of a diverse cadre of trainees

•

Contribute to development of the US STEM workforce through internationalized research and technical
training, curriculum development, and outreach.

In Year 1, we recruited six PhD students, one postdoctoral fellow, two Master’s students and two
undergraduate students to participate in PIRE research. In Year 2, we recruited four new PhD students, one
Master’s student, two undergraduate students and one high school student to the PIRE Project. Training of
graduate students and postdocs has been carried out within various research thrusts and progress has been
excellent as explained in the preceding sections. A primary focus of the remaining education and outreach
goals is the internationalization of students’ research experience. Specific activities carried out in Year 2 in
support of the students in the PIRE Project include short international research visits, attendance and
participation in Research Thrust meetings and the Second Annual Review Meeting in Norway. All of our
graduate students participated in the Research Thrust meetings and Second Annual Review Meeting in person
or remotely using web-meeting tools, BlueJeans and Skype.
Brief summaries of research and other activities conducted by the postdoctoral researcher, PhD, Master’s,
undergraduate and high school students in Year 2 of this PIRE Project are given below.

POSTDOCTORAL FELLOW
Dr. Dinesh K. Kalaga - Drilling Fluids and Mechanisms of Particle Sedimentation
Dr. Dinesh Kalaga has developed a procedure to synthesize the actual and model drilling
fluids using the individual chemical components received from MI-SWACO. Several
0.35-liter drilling fluid samples were synthesized by mixing the components with a
homogenizer at 6,000 RPM followed by 16 hrs. of hot rolling in the hot roller.
Rheological measurements were performed to determine the viscoelastic properties of
the samples made at CCNY and compared with those of the commercial sample from
MI-SWACO. Regarding the Barite particle sedimentation, he has tried several measurement techniques, such
as Gamma densitometry, X-ray measurements, micro-computed tomography (micro-CT) measurements,
pressure drop methods and optical probes, in both model fluid and drilling fluid. The pressure drop and gamma
densitometry measurements were found to be capable of determining the settling phenomenon of the weighting
material, barite in present study. He fabricated the two different Couette-cells to replicate the behavior of
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drilling fluids in the actual drilling process. These Couette cells have a static outer cylinder and a rotating inner
cylinder, with a scaled-down gap to maintain the actual spacing between the bore hole wall and drill string in
a real drilling process. The inner cylinder’s rotational speed can be varied from 0 to 300 RPM. The settling
experiments can be performed in Couette cells at four inclinations (90o, 75o, 60o, 45o) which can give more
insights into understanding the sedimentation process in inclined bore holes. Initially, settling experiments
were performed in a static cell (without inner rotating cylinder) to understand the barite particle settling in a
stagnant water. The effect of barite concentrations (38, 45, 55 wt.%) and clay concentrations (0.9, 1.8, 2.8
wt.%) on barite sedimentation in a stationary cell has been successfully measured using pressure drop and
gamma densitometry methods. While the barite weight fraction was found to have no effect on the
sedimentation rate, the weight fraction of clay had a significant influence on the sedimentation rate. The settling
experiments in a large Couette cell were performed for barite (wt.%: 15)-water system. The effect of rotational
speeds of inner cylinder on the settling process has been studied. From the experimental results, it became
clear that the relational speed of the inner cylinder had a significant influence on the settling rate. The settling
of barite particles in actual drilling fluids has been studied in the small Couette cell using the gamma
densitometry. When the inner cylinder was rotated at a speed of 300 RPM, the time taken for barite particles
to sediment was approximately 1.5 hrs. In the future, more settling experiments will be performed to
understand the effect of different components of the drilling fluid such as oil phase and emulsifiers on barite
particle sedimentation in both model and actual drilling fluids.
His work has been communicated within and outside the PIRE Project as follows:
1. Submitted an abstract entitled “Settling characteristics of weighting material in the oil-based drilling fluids”
to the upcoming 2019 AIChE Annual Meeting.
2. The rheological measurements and particle sedimentation experiments were presented at the Second Annual
Review Meeting in Trondheim, Norway, by Prof. Masahiro Kawaji.
3. A conference paper was presented at an international conference: D. V. Kalaga, M. Ansari, S. Banerjee, M.
Kawaji, R. Gyland, H. Linga and B. Lund, “Settling of barite particles in oil-based drilling fluids”, 10th
International Conference on Multiphase Flow, ICMF 2019, Rio de Janeiro, Brazil, May 19 – 24, 2019.

Ph.D. STUDENTS
Manizheh Ansari - Microstructure and rheological properties of oil-based drilling
fluids
Manizheh Ansari, a Ph.D. student in Chemical Engineering at CCNY, is supervised by
Prof. Sanjoy Banerjee. In order to address challenges related to the particle
sedimentation in oil base drilling fluids, she first investigated their rheology as a function
of shear rate, temperature, oil/water ratio, and mud composition. Different model
drilling fluids are defined here, comprised of an oil-water emulsion, a weighting agent,
and stabilizing agents. She has examined the response of these fluids to a variety of deformations in order to
elucidate how the mechanics of the unyielded material manifest themselves. She performed measurements
over different shear rate ranges, both increasing and decreasing in a shear rate ramp with a maximum shear
rate of 1000 s−1, all with different minimum shear rates ranging from 100 to 10−4 s−1. All of the data overlap
for shear rates slightly above 10−1 s−1 and are well fitted by a Herschel–Bulkley model. Oscillatory
measurements were also carried out at finite strains showing G’ and G” as functions of strain for different
frequencies (0.1- 10 Hz). The samples are linear up to a strain of about 0.1, after which a strain dependence is
observed. Also one can see from the results that the viscosity of the mud is increasing with increasing water
content and decreasing with temperature from 0 to 60 °C. Manizheh also developed cryological scanning
electron microscopy (cryo-SEM) and cryological x-ray spectroscopy (cryo-EDS) methods to image the spatial
structure of the drilling fluid at nanometer to micrometer scales.
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Drilling Fluid Measurements: a) Shear stress/shear rate measurements at different temperature, b) Oscillatory
measurements showing viscoelastic behavior, and c) cryo-SEM showing spatial structure.

In addition to the co-authored paper presented at the 10th International Conference on Multiphase Flow, ICMF
2019, in Rio de Janeiro, Brazil, May 19 – 24, 2019, Manizheh Ansari attended and made a presentation at the
AIChE Annual Meeting in Fall 2018, and will also give presentations at the AIChE Annual Meeting in Fall
2019.
Kalaga D.V., Ansari M., Banerjee S., Kawaji M., Gyland K. R., Lund B., Linga H., Settling of micronized
barite particles in oil-based drilling fluids. 10th International Conference on Multiphase Flow, ICMF 2019,
Rio de Janeiro, Brazil, May 19 – 24, 2019.
Ansari M., Kalaga D.V., Turney D.E., Messinger R.J., Banerjee S., Kawaji M., Drilling fluids and mechanisms
of particle sedimentation, AIChE Annual Meeting, Pittsburgh, PA, USA, October 28 - November 2, 2018.
Ansari M., Kalaga D.V., Turney D.E., Morris. J., Banerjee S., Kawaji M., Microstructure and rheological
properties of oil-based drilling fluids, AIChE Annual Meeting, Orlando, Florida, USA, November 10 -15,
2019.
Kalaga D.V., Ansari M., Banerjee S., Kawaji M., Gyland K.R., Lund B., Settling characteristics of weighting
material in the oil-based drilling fluids, AIChE Annual Meeting, Orlando, Florida, USA, November 10 -15,
2019.
Geng Liu – Modeling and Simulation Using Lattice-Boltzmann Method
Geng Liu, a Ph.D. student in Mechanical Engineering at CCNY, is supervised by Prof.
Taehun Lee. Geng is studying the simulation and geometry optimization of multiple
phase flows with lattice Boltzmann method, and the diffuse bounce back lattice
Boltzmann approach for recovering the classic
no slip boundary condition in diffuse geometry.
His project builds on the previous mature twophase flow simulations with lattice Boltzmann
method performed by Prof. Taehun Lee’s group. Geng attended the
Annual Review Meeting in Norway and gave a presentation on the
Diffuse Bounce Back Lattice Boltzmann method. He has also given a
talk on the same topic at the 16th International Conference for
Mesoscopic Methods in Engineering and Science (ICMMES 2019) in
Edinburgh, UK, July 22-26, 2019. Geng spent one month in Prof.
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Mathias Krause’s laboratory at Karlsruhe Institute of Technology (KIT)
in Germany from June 20 until July 22. During his internship stay at KIT,
Geng gave two talks to Prof. Mathias’ group: one on his previous work on
optimization, and the other on his current work on diffuse bounce back
method. He learned how to code with OpenLB as both a user and
developer gaining a deep insight into the workspaces classes and
architects of OpenLB. The package has a good connection with 3D
modeling documents and the viewing and post-processing software
Paraview. Geng was able to connect his research to OpenLB. Based on his
diffuse bounce back model and the example application, he created his
own classes based on OpenLB and was able to simulate the 2D version of Drafting, Kissing and Tumbling of
two particles. He was also able to establish good relationships with Prof. Mathias and his students, especially
Nicolas, Marc and Fabian. They helped him a lot with not only his research, but also the life in Germany. He
attended the department’s annual party, which included a soccer game, a concert and BBQ session. Prof.
Mathias also invited Geng for a dinner in the suburban area of Karlsruhe. The one-month internship was fruitful
and an important experience in his life, thanks to the PIRE project and the host, Prof. Mathias Krause.
Shaghayegh Darjani – Fluid-to-Solid Phase Transition of Asphaltenes-laden
Interface
Shaghayegh Darjani is a Ph.D. student in Chemical Engineering Department at CCNY,
jointly supervised by Profs. Sanjoy Banerjee, Joel Koplik and Dr. Vincent Pauchard. She
is also working closely with Dr. Aude Simon at LCPQ. Shaghayegh has been studying
the equation of state of a 2D hard-core lattice gas with a new numerical method based
on random sequential adsorption incorporating surface diffusion (RSAD) to obtain both phase transition and
adsorption kinetic. From the success rate of adsorption attempts, a blocking function is extracted that can be
used to obtain the dependency of surface pressure on surface coverage based on Gibbs adsorption isotherm.
This model is used to analyze the interfacial behavior of asphaltenes at the water/oil interface. RSAD method
generates accurate information, particularly through the calculation of correlation functions and the visual
observation of the lattice structure at high coverage which reveal the phase transition of asphaltenes laden
interface from disordered to ordered phase at high coverage due to the steric hindrance effect. This ordered
phase is consistent with the observation of birefringence within asphaltenes
laden interfaces upon contracting the aged droplet. Corresponding surface
pressure obtained from this model is equal to the surface pressure that a
droplet containing of asphaltenes solution loses its Laplacian shape over
contraction experiment. Another outcome of this model is the observation
of dynamic frustration within the dense interfacial layers due to the fast
increase of surface coverage in comparison with interfacial diffusion either
during spontaneous adsorption or during interfacial area reduction. As a
result, the interfacial layer would enter into a metastable glass state that
would slowly relax towards a crystalline state with time.
In the ongoing project, Shaghayegh is performing Molecular Dynamic
simulation as shown on the right to have a better insight about adsorption of
asphaltene at oil/water interface and some experimental observation such as:

Molecular Dynamic simulation
schematic

1. Adsorption of poly aromatic rings of asphaltene adsorbed flat on the interface where alkyl chains are
perpendicular to the surface, observed by sum frequency generation spectroscopy.
2. Examining the possibility of adsorption of asphaltene as a binary mixture due to different surface activity.
3. Appearance of wrinkles on the on the droplet aged with asphaltene solution over contraction experiments.
Her conference presentations are as follows:
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•
•
•
•

Darjani, S., Koplik, J., Banerjee, S., Pauchard, V., “Liquid-Hexatic-Solid Phase Transition of a HardCore Lattice Gas with Third Neighbor Exclusion", submitted to the Journal of Chemical Physics.
Darjani, S., Pauchard, V., Banerjee, S., Koplik, J., Liquid-Hexatic-solid phase transition of Hard-core
lattice gas. 93rd ACS Colloid & Surface Science Symposium. Georgia Institute of Technology, Atlanta,
GA, June 16 – 19, 2019.
Darjani, S., Pauchard, V., Banerjee, S., Koplik, J., Phase transition of two dimensional hard-core lattice
gases at the interface, Invited talk, City College of New York, April 8, 2019.
Darjani, S., Pauchard, V., Banerjee, S., Koplik, J., Steric hindrance effect on adsorption kinetics of
asphaltenes on oil/water interfaces, AIChE Annual Meeting, Orlando, Florida, November 10 -15, 2019.

Fang Liu, a Ph.D. student in Chemical Engineering at CCNY has been developing the
methodology to predict asphaltenes adsorption behaviors and their effects, which is of
great theoretical interest in upstream engineering for the oil industry. Fang has been
jointly supervised by Prof. Sanjoy Banerjee and Dr. Vincent Pauchard, and working
closely with our partners at Multiphase Flow Assurance Centre (FACE) of SINTEF,
Norway. She has been studying the mixture dynamics and isotherms of asphaltenes by
analyzing macroscopic measurements in detail and developing a physical model based
on mixture effects. The numerical methodology has been developed for inversely solving the Ward-Tordai
equations and extracting the properties of each pseudo-subfractions from dynamic interfacial tension
measurements performed with surfactant mixture. A ternary mixture model was efficient enough to capture
the features of both short-term and long-term adsorption dynamics and dilatational rheological behaviors as
shown in two figures below. The diffusion-controlled mixture model was further implemented to explain the
“everlasting” interfacial tension decay and the slow desorption in the washout experiment.

Numerically generated interfacial tension (left) and dilatational rheology (right) curves
Another ongoing research under the PIRE Project scope is to understand how asphaltenes deposit onto the
stainless-steel surface for a better management of asphaltenes problems in upstream production. She has been
collaborating with flow assurance group at ExxonMobil upstream research company to work on identifying
the deposition condition for asphaltenes during crude oil recovery. During her industrial internship there in the
summer of 2018, she investigated the effect of dilution and solvent solubility on the adsorption kinetics and
isotherm of crude oil onto stainless steel surfaces using quartz crystal microbalance with dissipation technique.
The adsorbed film properties were studied and a possible mechanism of asphaltene adsorption involving a
monolayer to multilayer transition were proposed to explain the non-linear increase of adsorbed mass with the
asphaltene concentration as shown below.
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Illustration of the two-step adsorption model. (a) asphaltene monomers adsorb onto the substrate (b)
asphaltene molecules adsorb onto the previously adsorbed molecules and form nanoaggregates.
Fang Liu has presented her work at several meetings and will publish them in three journal papers soon.
Conference Presentations:
• Liu, F., Akorede S., Banerjee, S., & Pauchard, V. Kinetics study of asphaltenes adsorption onto hydrophilic
solid surfaces. AIChE Annual Meeting, Pittsburgh, PA, USA, October 2018.
• Liu, F., Hickman S., Maqbool T., Pauchard, V. & Banerjee, S. Study of asphaltene deposition using QCMD techniques. PIRE Annual Review Meeting, Trondheim, Norway, June 2019.
Papers in preparation:
• Liu, F., Banerjee, S., & Pauchard, V. Solving the inverse Ward-Tordai problem to study mixture effects in
asphaltene interfacial properties. (Estimated submission date: 09/01/2019)
• Liu, F., Hickman S., Maqbool T., Pauchard, V. & Banerjee, S. Study of asphaltenes depositions onto
stainless steel surfaces using quartz crystal microbalances with dissipation. (Estimated submission date:
11/01/2019)
• Liu, F., Pauchard, V., Seegan, C., & Banerjee, S. Prediction of meta-stable water droplet size in mixtures
of aliphatic and aromatic solvents (Estimated submission date: 01/01/2020)
Artur Zych – Synthesis and Characterization of PCM Nanoemulsions
Artur Zych, a Ph.D. student at City College of New York is supervised by Prof. Masahiro
Kawaji and has been working with another graduate student, Jungeun Park from
Chemical Engineering, to study Phase Change Material (PCM) Nanoemulsions: how to
synthesize stable nanoemusions in order to utilize their properties for effective heat
storage and transport. He has synthesized stable nanoemulsions of octadecane and
paraffin by using two different techniques: low energy and high shear homogenization.
To evaluate these techniques with different surfactants and diverse ratios of surfactant-to-paraffin, Artur used
a centrifuge to increase strength of gravity in order to quickly determine the stability and shelf-life of these
nanoemulsions. He also determined the average diameters and size distributions of PCM particles which can
have large influences on the flow and heat transfer characteristics. Artur has interacted with experts on
surfactants, Prof. Jeffery Harwell of University of Oklahoma, Prof. Edgar Acosta, University of Toronto and
Prof. Steven Abbott, University of Oxford. Artur has also attended a Short Course on Surfactants given by the
University of Oklahoma. Furthermore, both Artur and Jungeun Park have begun learning NMR spectroscopy
to obtain molecular-level information on the local environments, compositions, and dynamics of the oil and
surfactant species from solution-state 1H and 13C NMR measurements. Artur Zych and Jungeun Park have
also been supervising a high school student, Nikita Subramanian, in the synthesis and characterization of stable
PCM nanoemulsions over the summer. Artur Zych and Jungeun Park will present the following paper at the
AIChE Annual Meeting in November 2019.
Artur Zych, Jungeun Park, Dinesh V. Kalaga, Robert Messinger, and Masahiro Kawaji, “Characteristics of
Phase Changing Material Nanoemulsions”, AIChE Annual Meeting, Orlando, Florida, USA, November 10 15, 2019.

19

Fanny Thomas – Wetting Phenomena in Gas Hydrates Slurries
Fanny Thomas is a Ph.D. student in Chemical Engineering at City College of New York
and has been studying the wetting phenomena which are believed to play a crucial role
in the formation and control of gas hydrates slurries. In this project, the dynamics of
capillary bridges and the motion of the three-phase contact line are studied within the
framework of the diffuse interface theory. The key to understanding the dynamics of
interfacial systems lies in an accurate description of the capillary forces governing the
motion of the fluid and the solid elements. From September 2018, until March 2019, Fanny Thomas spent her
internship at ENSTA Paris and performed wetting experiments in Prof. Didier Dalmazzone’s laboratory to
establish the contact angle of cyclopentane hydrate with the CP-containing organic and aqueous phase, without
and with surfactants. She presented her findings at the Thrust meeting on June 6 and at the Annual Review
Meeting on June 17, 2019. She has been preparing a journal publication: L. F. Thomas, J. F. Morris, D.
Dalmazzone "Contact angle measurements on cyclopentane hydrates", expected submission in September
2019 (journal to be decided).
Yu Han - Electrocoalescence of Particle-laden Drops
Yu Han is a Ph.D. student in Chemical Engineering recruited in October 2018, and has been
working with Profs. Joel Koplik and Charles Maldarelli on a systematic investigation of
electrocoalescence of particle-laden water drops and use of an electric field to force the drops
to coalesce for faster separation from crude oil.
Jungeun Park – NMR Spectroscopy of Complex Fluids
Jungeun Park is a Ph.D. student in Chemical Engineering recruited in October 2018, and has
been working with Profs. Robert Messinger and Masahiro Kawaji on the use of nuclear
magnetic resonance (NMR) spectroscopy on the complex fluids and materials of the PIRE
network, beginning with PCM nanoemulsions. After a spring maternity leave, Jungeun
began research in the Messinger group in April 2019 and has been working on systematic
syntheses of PCM nanoemulsions with different concentrations of surfactants, examining
their thermodynamic stability. She has also performed initial solution-state NMR
measurements of the PCM nanoemulsions.
Dennis Burgner - Gas Hydrates Research
Dennis Burgner is a Ph.D. student in Chemical Engineering recruited in September 2018,
and has been working with Prof. Jeffrey Morris on the properties of hydrate-forming
emulsions. His work is initially focused on experimental study coupled with a modeling
project exploring a fractal aggregation model for the structure and rheology of the hydrate
slurry. A feature that links his work with other PIRE projects is the role of residual water
and wetting properties of the hydrate on the forces between hydrate particles.
Chunheng Zhao – Modeling and Simulation of Complex Fluids
Chunheng is a Ph.D. student in Mechanical Engineering recruited in September 2018, and
has been working with Prof. Taehun Lee on the development of ternary lattice Boltzmann
method with the applications in PCM nanoemulsion and/or drilling fluids. The target ternary
fluids include oil/water/clay or weighting agent and oil/water/surfactants, which require
different modeling approaches.
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MASTER’S STUDENTS
One of the contributions of our PIRE Project to STEM workforce development is to provide talented Master’s
students the opportunity to gain research and computer science related experience by participating in the
development of our PIRE Project database and web applications. Two Master’s students have been supported
for these tasks in our second year, Yamile Patino Vargas and Carlos Tavarez. Yamile is a Computer Science
student and Carlos is a Data Science & Engineering student.
Yamila Patino Vargas, a Master’s student in the Computer Science Department at CCNY
has developed the PIRE Project website in Year 1. This website was opened to the public
in May 2018, and has been continuously expanded and updated in Year 2 to include the
home pages and web sites of some of the PIRE faculty, students and collaborating
researchers and their institutions.
https://pire.ccny.cuny.edu/
Our PIRE website also has a few useful features. One of them is that the PIRE Project researchers are able to
login and access documents and presentations not otherwise available to the general public. Another useful
feature is that PIRE Project participants are able to upload and download presentation files and documents to
the website that the PIRE Project community can then access before or during Thrust meetings and Annual
Review Meeting, eliminating the need to send large presentation files via email.
Carlos Tavarez has been supported in Year 2 to conduct research on gas hydrates in Prof.
Jeffrey Morris’s laboratory and also work on the Database development in collaboration
with Yamile Patino Vargas. He designed and performed experiments to measure the
elasticity and viscosity of shear thickening suspensions using the Ares G2 Rheometer and
parallel plates. He tried to duplicate the cornstarch experiments using boehmite particles,
but due to the properties of boehmite, replicating these experiments was a difficult task. In
the Database development, he considered a relational database to be the most adequate to
work with scientific data. If it is to use cloud services, Amazon Relational Database System would be a good
option as it comes with Identity and Access Management (AWS IAM), which is a security feature used to
manage the capabilities of each user in a network.
UNDERGRADUATE INTERNSHIP STUDENTS
The primary programmatic activity aimed at the goal of targeting underrepresented minority students is the
international summer research internship for two undergraduate students from the CUNY Louis Stokes
Alliances for Minority Participation (LSAMP) program. Students selected for this program spend two-months
conducting research in our international partners research labs and give a presentation on their research and
cultural activities upon their return. They also must provide written research summaries. For the summer of
2018 both students are in France; a CCNY Chemical Engineering student, Amy Chacon was placed at ENSTAParis and a CCNY Mechanical Engineering student, Michael Ramundo, was placed at IRSTEA in Paris.
Itung Chen (Mechanical Engineering, CCNY)
Research Advisor: Dr. Titus Ofei (SINTEF) and Prof. Sigbjorn Sangesland (NTNU)
Research Topic: Rheological Study of Drilling Fluids
The objective of Itung Chen’s summer internship at NTNU/SINTEF in Trondheim, Norway
is to learn about the rheology of drilling fluids used in wellbore formations and the
sedimentation of the barite and other heavy particles in
drilling fluids. He is conducting experiments on barite
settling under low shear supervised by Dr. Titus Ofei. He is also studying the
rheological properties by measuring density variations after the drilling fluid
samples are subjected to either rotational or oscillational shear for 3 hours.
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Sample fluids are placed into a thermal cup and the experiments are done under 0.001 s-1 to
10.22 s-1 shear rates and frequencies using Anton Parr Rheometer. Density measurements using
a gamma densimeter have been performed to study the amount of barite sag by density
difference over a transient. Rheological data such as the flow curve and the linear viscoelastic
region have been also measured. Norwegian summers receive much longer daylight than
average in the rest of the world. Almost all students and faculty take vacation around this
period. Hence, most of the shared equipment in the lab have been available for long duration
experiments. One such experiment was finding a yield stress by applying multiple stresses to
the fluid. In Norway, it is important for people to enjoy themselves during summer. People are
friendly and receptive, and there was no issue of language barrier as almost all Norwegians
speak English.
Alejandro Varela (Mechanical Engineering, CCNY)
Research Advisor: Drs. Laurence Fournaison and Anthony Delahaye, National
Research Institute of Science & Technology for Environment & Agriculture
(IRSTEA)
Research Topic: Clathrate Hydrate Formation Kinetics and Thermodynamic Cycles:
Utilizing the Joule Thomson Effect to Form Hydrates Through High Pressure Shift
Freezing
Clathrate hydrates, also known as gas hydrates, are an ice like solid crystalline compound that has gas atoms
or molecules encaged in its crystal lattice. Current research at IRSTEA focuses on commercializing an
economical method for producing CO2 hydrate slurries as an environmentally-friendly fluid for secondary
refrigeration loops. Heat transfer in refrigeration and cold storage applications can be improved with the
introduction of a phase-change material (PCM) due to its high latent heat of fusion. When CFC refrigerants
were being used, the Joule-Thomson phenomenon was observed at expansion valves due to a pressure shift
that caused hydrates to form. Inducing pressure-shift freezing is a feasible solution for industrial production,
where pressure can be changed much faster than temperature. Alejandro has been performing rheological
studies on CO2 hydrate slurries using an experimental flow loop. Through repeated experiments using slurries
having different hydrate weight fractions, a relationship between weight fraction and viscosity has been
determined from differential pressure and flow velocity measurements. The results are similar to those of
previous studies that have shown a reduction in slurry viscosity with the hydrate weight fraction. Apart from
working at IRSTEA, Alejandro has found time for traveling outside of Paris on the weekends. He has traveled
to London, Amsterdam, and Porto, and will also be visiting Nice, Monaco, and Prague.
HIGH SCHOOL STUDENTS
In Year 2, two high school students from Ossining High School in northern Westchester County in New York
State have been hosted to conduct research in Prof. Masahiro Kawaji’s laboratory in July and August 2019.
These internships were arranged after a meeting with Ossining High School’s science teacher (Angelo
Piccirillo) and the two students (Nikita Subramanian and Christopher Silva).
Nikita Subramanian spent her first summer internship in 2018 and performed experiments
on PCM Nanoemulsions supervised by Artur Zych and Dr. Dinesh Kalaga. This summer,
three different samples of 5 vol.% paraffin nanoemulsions have been synthesized with
varying volume concentrations of two surfactants, Tween and Span. She has calculated the
sensible and latent heat capacities of the emulsion samples and determined the average
thermal conductivity of each emulsion sample using the transient hot-wire method. A
measurement cell was designed and fabricated in ABS plastic with a 3D printer.
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Christopher Silva has been introduced to the drilling fluids research and learning the
use of a rotating Couette cell for measuring the Barite particle sedimentation under
rotational shear under the supervision of Dr. Dinesh Kalaga. He has been modifying the
Couette cell setup to work and function properly with the new data acquisition system.
Currently, the Couette cell is being used to check how varying the rotational speed (rpm)
affects the sedimentation rate of Barite particles. He is also using different instruments
such as pressure transducers and a gamma densitometer to obtain more accurate results
by the end of the summer.

INTERNATIONAL COLLABORATION
Many opportunities were created to enable PIRE Project faculty and students to interact and collaborate with
international collaborators through web-based Research Thrust meetings, Annual Review Meeting, and mutual
visits as summarized below.

• Research Thrust meetings were held with international collaborators in all four Thrusts and Modeling &

Simulation group in November-December, 2018 and April-June, 2019. Each meeting was two hours in
duration and some European collaborators made presentations from their side as shown in the Thrust
Meeting Agendas in Appendix 1.
o Thrust 1 – Asphaltenes: December 10, 2018 and April 5, 2019
o Thrust 2 - Gas Hydrates: November 15, 2018 and June 6, 2019
o Thrust 3 - Drilling Fluids: November 13, 2018 and May 13, 2019
o Thrust 4 - PCM Nanoemulsions: November 28, 2018 and May 16, 2019
o Modeling & Simulation: December 5, 2018 and May 1, 2019

The following mutual visits have been made by PIRE faculty, students, and collaborating researchers:
o

September 2-8, 2018: Prof. Robert Messinger visited Dr. Ulrich Scheler’s laboratory in Dresden,
Germany, and initiated new research directions related to the PCM Nanoemulsion Thrust;
specifically, they formulated a research plan on how to investigate the molecular response of these
systems to thermal cycling and shear.

o

December 3, 2018: Prof. Nicolas Alvarez gave an invited PIRE lecture entitled “Correlating
Electrode Slurry Microstructure to Final Electrode Performance: A Rheological Approach”.

o

December 5, 2018: Aleksandra Pachalieva gave an invited PIRE lecture entitled “Deriving Lattice
Boltzmann Collision Operator Using the Molecular-Dynamics-Lattice-Gas (MDLG) Approach”.

o

April 1-2, 2019: Dr. Ulrich Scheler visited CCNY as a PIRE speaker and gave two lectures entitled
“Molecular Dynamics in External Mechanical Fields Investigated by Nuclear Magnetic Resonance”
and “Charge, packing and molecular dynamics in polymer systems studied by magnetic resonance”.

o

June 13-14, 2019: Profs. Masahiro Kawaji, Taehun Lee and Jeffrey Morris visited the University of
Toulouse and met with the PIRE collaborators, Drs. Olivier Masbernat, Aude Simon, Frederic Risso,
and Sebastien Teychené). A half day meeting was held to go over the PIRE-related research activities
at CCNY and the University of Toulouse. A tour of the University of Toulouse laboratories involved
in the PIRE project was also conducted.

o

June 16-18, 2019: Second Annual Meeting of the PIRE Project, Trondheim, Norway.

o

June 26, 2019: Prof. Joel Koplik visited the University of Oslo for discussions with PIRE
collaborators (Prof. Andreas Carlson and Atle Jensen) and to present a seminar on Wetting
Phenomena.
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o

July 2, 2019: Prof. Jeffrey Morris participated in the French ANR-funded MUSCOFI project
meeting (with D. Dalmazzone, A. Delahaye, L Fournaison, O. Masbernat, A. Simon, S. Teychené,
J. Cuny from French team)

All the PIRE Guest lectures given in Year 2 including the abstracts and short bios of the speakers are listed in
Appendix 2.
SECOND ANNUAL REVIEW MEETING
The Second Annual Review Meeting (ARM) was hosted by the Norwegian researchers (Prof. Sigbjorn
Sangesland and Dr. Harald Linga) at Norwegian University of Science and Technology (NTNU) in Trondheim,
Norway, on June 17-18, 2019. A total of five faculty and four students from CCNY and 14 collaborating
researchers from Norway and France attended this meeting in person, and additional five researchers joined
the meeting via Skype. The agenda of the Annual Review Meeting is attached as Appendix 3.
At the beginning of each Research Thrust session, research objectives were explained by the Thrust leader, so
all the participants could better understand the motivation and purpose of research conducted by different PIRE
Project researchers and presented in each general session. Some researchers were able to participate in the
morning sessions remotely, but there were technical issues related to Skype connection for some participants
in France. These presentations were followed by vigorous Q&A and discussions. In the afternoon, more
detailed discussions were held in separate breakout sessions for each Thrust.

In the lecture room at NTNU
Technical sessions were followed by a tour of laboratories at NTNU and SINTEF, including the industrialscale Tiller Multiphase Flow Research Laboratory shown in the photos below.
In the evening before the Annual Review Meeting, on Sunday, June 16th, the Norwegian hosts warmly
welcomed many of the meeting participants who flew in from the US, France and Oslo. Following the tour of
SINTEF’s Tiller Multiphase Flow Research Laboratory on Monday, June 17th, all the participants joined for a
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dinner at a local restaurant. At the end of this Second Annual Review Meeting, French researchers have agreed
to host the Third Annual Review Meeting in Paris, France in June, 2020.

A Tour of SINTEF’s Tiller Multiphase Flow Research Laboratory on June 17, 2019

Welcome Reception in Trondheim on June 16, 2019

Dinner on June 17, 2019
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PIRE NEWSLETTER
The first PIRE Project Newsletter attached in Appendix 4 was prepared and distributed to all the PIRE Project
participants and the Advisory Board members on July 23, 2019.

ADVISORY BOARD MEETING
An Advisory Board meeting was planned to be held during the Annual Review Meeting, but the time difference
between Europe and the US made it difficult for all the Advisory Board members (Prof. Morton Denn, Prof.
Daniel McCloskey, Prof. Lamia Goual, Prof. Francisco Vargas and Dr. Oliver Mullins) to remotely attend the
meeting. Thus, the second Advisory Board meeting will be held in August or early September 2019, depending
on the availability of all the Board members. Since this second Annual Report will be submitted to NSF in
early August 2019, its contents will be presented to the Board members and feedback will be sought from the
Board members at the next Advisory Board meeting. The Board members will also be able to meet remotely
with the PIRE faculty and students from CCNY and discuss their research activities and experiences.

OUTREACH ACTIVITIES
CCNY STEM Career Fair on October 4, 2018. At this fair, Carlos Tavarez was recruited as a PIRE Project
Master’s student.
CCNY’s Graduate School Open House, Thursday, October 11, 2018.
In both events, a table was set up to advertise the PIRE Project and Master’s and PhD student positions among
prospective graduate students at CCNY. Leaflets describing different research Thrusts in the PIRE Project
were prepared, distributed and explained to the interested students.
On July 15-22, 2019, five graduate students from the Technical University-Graz in Austria, stayed at CCNY
and participated in the LSAMP-sponsored Two-week Seminar Course on “Science and Society – In the
Future”. A total of 14 people attended a meeting with the TU/Graz students on July 22, 2019, including two
high school students (Nikita Subramanian and Christopher Silva) on PIRE summer internships, four PhD
students (Manizheh Ansari, Artur Zych, Shaghayegh Darjani and Yu Han), and Dr. Dinesh Kalaga, who
presented and discussed their research work at this meeting.
Meeting with TU/Graz Graduate Students (July 22, 2019)
List of Attendees
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

5 TU/Graz graduate students
Claude Brathwaite
Anna Volovik
Dinesh Kalaga
Manizheh Ansari
Shaghayegh Darjani
Artur Zych
Yu Han
Nikita Subramanian
Christopher Silva
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A Meeting with graduate students from the Technical University-Graz and lab tour

PIRE Website
The PIRE project’s website was developed by Yamile Vargas, a Computer Science Master’s student at CCNY.
https://pire.ccny.cuny.edu/
This website was opened to the public in May 2018, and has links to the researchers’ home pages and web
sites of collaborating institutions. It also has a useful feature to allow uploading and downloading of
presentation files and documents remotely by the participants in Thrust meetings and Annual Review Meeting.
This feature has eliminated the need to send large files by e-mail. Additional features will be developed and
incorporated into our PIRE website in the future.
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PROJECT MANAGEMENT
The structure of the PIRE management is shown below. It has been revised from that originally proposed, but
the main roles of the PIRE Project Director, Project Coordinator, PIRE Management Team, Advisory Board,
and Research Thrust Leaders and International Technical coordinators (ITC’s) have remained the same. Prof.
Robert Messinger was appointed as the leader for Research Thrust 1 on Asphaltenes, replacing Dr. Vincent
Pauchard who left City College in January 2018, but is still participating in the PIRE project as a technical
consultant and guest researcher of the CUNY Energy Institute.
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PIRE Project Management Structure

In order to ensure the success of this PIRE Project, monthly PIRE Management Team meetings have been held
on September 7, October 5, November 7, and December 6, 2018, and February 22, March 22, and June 7,
2019. At each management meeting, a meeting agenda was distributed and kept for filing. All the management
meeting agendas are included in Appendix 5.

INTELLECTUAL PROPERTY AGREEMENT
With help from CUNY’s Technology Transfer Office, a draft Intellectual Property Agreement (Appendix 6)
was prepared and sent to the leaders of French and Norwegian research groups for review and comments.
Once the IP Agreement is finalized, it will be sent to all the collaborating institutions for signature.
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DISSEMINATION OF RESEARCH RESULTS
Some results from the work underway in this PIRE project have been presented in journal and conference
papers by CCNY’s PIRE faculty and PhD students and prepared for journal publication as summarized below.
Journals:
Darjani, S., Koplik, J., Banerjee, S., Pauchard, V., “Liquid-Hexatic-Solid Phase Transition of a Hard-Core
Lattice Gas with Third Neighbor Exclusion", submitted to the Journal of Chemical Physics.
To be submitted by the end of Year 2 or end of December, 2019:
Liu, F., Banerjee, S., & Pauchard, V. Solving the inverse Ward-Tordai problem to study mixture effects in
asphaltene interfacial properties. (Estimated submission date: 09/01/2019)
Liu, F., Hickman S., Maqbool T., Pauchard, V. & Banerjee, S. Study of asphaltenes depositions onto stainless
steel surfaces using quartz crystal microbalances with dissipation. (Estimated submission date: 11/01/2019)
Liu, F., Pauchard, V., Seegan, C., & Banerjee, S. Prediction of meta-stable water droplet size in mixtures of
aliphatic and aromatic solvents (Estimated submission date: 01/01/2020)

Conference Papers and Presentations:
Kalaga, D. V., Ansari, M., Banerjee, S., Kawaji, M., Gyland, R., Linga, H. and Lund, B., “Settling of barite
particles in oil-based drilling fluids”, 10th International Conference on Multiphase Flow, ICMF 2019, Rio de
Janeiro, Brazil, May 19 – 24, 2019.
Ansari M., Kalaga D.V., Turney D.E., Messinger R.J., Banerjee S., and Kawaji M., Drilling fluids and
mechanisms of particle sedimentation, AIChE Annual Meeting, Pittsburgh, PA, USA, October 28 - November
2, 2018.
Darjani, S., Pauchard, V., Banerjee, S., Koplik, J., Liquid-Hexatic-solid phase transition of Hard-core lattice
gas. 93rd ACS Colloid & Surface Science Symposium. Georgia Institute of Technology, Atlanta, GA, June 16
– 19, 2019.
Liu, F., Akorede S., Banerjee, S., & Pauchard, V. Kinetics study of asphaltenes adsorption onto hydrophilic
solid surfaces. AIChE Annual Meeting, Pittsburgh, PA, USA, October 2018.

Submitted for Presentation in November 2019:
Ansari M., Kalaga D.V., Turney D.E., Morris. J., Banerjee S., Kawaji M., Microstructure and rheological
properties of oil-based drilling fluids, AIChE Annual Meeting, Orlando, Florida, USA, November 10 -15,
2019.
Kalaga D.V., Ansari M., Banerjee S., Kawaji M., Gyland K.R., Lund B., Settling characteristics of weighting
material in the oil-based drilling fluids, AIChE Annual Meeting, Orlando, Florida, USA, November 10 -15,
2019.
Darjani, S., Pauchard, V., Banerjee, S., Koplik, J., Steric hindrance effect on adsorption kinetics of asphaltenes
on oil/water interfaces, AIChE Annual Meeting, Orlando, Florida, November 10 -15, 2019.

Website: https://pire.ccny.cuny.edu/
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EXTERNAL EVALUATION BY PROF. DENIS GRAY
Our project has engaged an independent evaluator, Prof. Denis Gray. In support of our evaluation, Prof. Gray
has produced a project-wide logic model that highlights critical project activities, outputs, outcomes and
impacts that will serve as the blueprint for the evaluation. During the current project year key evaluation
activities have focused on: use of a self-report implementation guide, feedback survey administered to
participants attending the Annual Review Meeting, and preliminary work on soliciting feedback from students
involved in various international experiences (currently underway).
The implementation guide was completed by the PIRE PI and characterized critical activities as “planned”,
“underway” or “complete”. This assessment indicated all key administrative and knowledge advancement
activities are either well underway or complete. In addition, graduate education activities are well underway.
Education activities that address undergraduate, underrepresented or high school populations are also
underway and/or in the planning stage (e.g., development of short courses).
As described elsewhere in this report, the PIRE Project held its Second Annual Review Meeting on June 1718, 2019, hosted by NTNU/SINTEF in Trondheim, Norway. The meeting was intended to further the project’s
research agenda, promote collaboration and enhance the training of the students participating in the PIRE
Project at CCNY. The agenda included a program overview, review of individual thrust areas, lab tours, thrust
area breakout meetings, review of educational and outreach programs, IP issues and social events. In order to
obtain a better understanding of how successful the meeting was in furthering project objectives, a web-based
feedback survey was administered to participants which was completed by 22/28 attendees (79% response
rate).
Feedback on meeting logistics, the usefulness of the various sessions offered and the achievement of the
meeting objectives was overwhelmingly positive as summarized in Appendix 7. For instance, all of the
technical sessions (thrust area reviews; lab tours and visit to SINTEF/NTNU; Thrust area breakout sessions)
were rated between “very useful” and “extremely useful” (~4.5/5.0 scale). Respondents highlighted both
communication/collaboration (“opened collaboration that will help my research”; “feedback I received after
my presentation [was valuable])” and scientific (“gave me a better understanding of the work and research
done by various research thrusts”; “exchange new techniques on modeling and simulation”). Respondents also
“agreed” to “strongly agreed” (4.5-4.8/5.0) that the meeting helped them become “more familiar with scope
and results”, “strengthen connections between countries”; “more familiar research in thrust areas”, “useful
changes in research plans”, “share resources to promote collaboration”. Suggestions for improvement
highlighted need for more robust virtual connections, and continuing support for collaboration efforts in
between meetings.
Over the next month or so, the Evaluator will conduct an assessment with the students who have participated
in various international experiences to better understand how successful the experiences were and what can be
done to improve the future experiences.

31

