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Book & Online Short Course for ASME
(MOOC)

https://www.asme.org/products/courses/nanocoatings-for-enhanced-thermal-engineering
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Multiphase Flows & Heat Transfer Lab.
(Since Jan. 2005,  45 Extra-Mural Funded Projects in 11 years)

– Nano-Sensors (3 Ph.D., 1 M.S.)
• MEMS:

– TEES: Nano-calorimeter (EXPLOSIVES SENSOR)
– Nano-MEMS Research/NSF SBIR: RF-MEMS,RF-Tuner

• DPN (Dip Pen Nanolithography):
– DARPA/MTO: chirality control, low temp. synthesis of CNT
– ONR STTR/ ADA Tech.: Ultra-Capacitors
– SPAWAR: low temp. synthesis of Graphene (ONR/ASEE)
– TSGC: Nanolithography+Microfluidics, CFD
– GE Research: Silicon Nanofins

• Bio-Microfluidics, Lab-On-Chip:
– AFRL: Portable water quality monitor
– DARPA/MF3: Micro-Chamber Filling

» (1) Vaccine Storage/ Paper microfluidics,
» (2) Anthrax Detection  using CD Microfluidics

– NASA: Lipid bi-layer sensors for studying protein/peptide kinetics
– Energy Institute: Micro/nano-fluidics, thermodynamic properties in shale rocks/ reservoirs
– Crisman Institute: Micro/nano-fluidics, thermodynamic properties in shale rocks/ reservoirs
– AFOSR: Reconfigurable microfluidic device for nano-optics (META MATERIALS)

– Thermal Management (3 Ph.D., 1 M.S.)
• Nanostructures

– ONR: Flow Boiling on  Carbon Nanotubes
– NSF: Pool Boiling on Silicon Nanofins, Molecular Dynamics
– DOE: Nanofluids for Thermal Energy Storage (SOLAR ENERGY)
– ARPA-E (ARID): Energy-water nexus
– Alstom: Nanofluids for Thermal Energy Storage (SOLAR ENERGY)
– AFOSR/AFRL(ASEE-SFFP): Nano-Fluids
– Qatar National Research Foundation (QNRF): Nanofluids and Nanofins for enhanced heat transfer
– Photronics Corp./ Trianja Tech. (Si Values Partners/ B G Group): Nanofluids for  energy app.
– Irvine Sensors: Micropump Design for Electronics Cooling (AFRL SBIR Phase II)
– Aspen Thermal Systems: Compact condensers (ONR SBIR Phase I; Phase II)

• Thermo-Chemical Energy Storage (TCES), Thermal Energy Storage (TES)

– AFRL: Chevron Plate Heat Exchangers (PHE) for rapid thermal management
• Biomedical Device (Surgical Sterilizer)

– Lynntech/ ARO SBIR Phase II: Portable sterilizer for surgical tools using steam.
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Nano-Fluids/ Nano-Coating Research
• Demonstrated 40% enhancement in performance of compact heat exchangers using carbon nanotube

(CNT)  based nano-fluids in Poly Alpha Olefin (PAO) oils (sponsored by Air Force Research Lab.)
– Specific Heat enhanced by ~20%
– Viscosity enhanced by 12.5%

• Demonstrated 10% enhancement in convective heat transfer in flow loop cooling using ex-foliated
graphite nanoparticles in Poly-Alpha-Olefin (PAO) Coolants/ Nanofluids (sponsored by Air Force
Research Lab.)

– Specific Heat enhanced by ~50%
– Viscosity enhanced by 10X

• Demonstrated  ~20-120% enhancement in specific  heat capacity of  high temperature nanofluids
(molten salt eutectics and solar salts) for applications in Concentrated Solar Power (CSP) – Thermal
Energy Storage (TES). (sponsored by the Department of Energy/ DOE Solar Energy Technology
Program/ SETP).

• Demonstrated  ~60-300 % enhancement in pool boiling using carbon nanotube (CNT) coatings
(sponsored by Office of Naval Research, National Science Foundation)

• Demonstrated ~120% enhancement in Critical Heat Flux (CHF) for pool boiling on silicon nano-fins
(sponsored by National Science Foundation)

• Demonstrated ~180 % enhancement in flow boiling using carbon nanotube coatings (sponsored by
Office of Naval Research)

• Demonstrated 100% enhancement in performance of Compact Condensers using carbon nanotube
(CNT) coatings (collaboration with Aspen Thermal Systems; Sponsor: Office of Naval Research/
ONR Thermal Management Program). Leakage issues.

• ~650-850% enhancement in spray cooling (with phase change) using Titania nano-coatings.
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• AFRL/AFOSR: ASEE Summer Faculty Fellowship (RZ, RX): Dr. R. Ponnappan, Dr. K. Yerkes, Dr. A. Roy, Dr. S. Ganguly
• SPAWAR (Space and Naval Warfare Systems Command Center): ASEE Summer Faculty Fellowship: Dr. Ryan Lu, Dr. Ajax Ramirez
• ONR (Thermal Management Program): Dr. Mark Spector

• DARPA (MTO, MF3 Center): Dr. Dennis Polla, Dr. Amit Lal, Dr. Abe Lee, Dr. Tayo Akinawande

• NSF (SGER Program, SBIR Program): Dr. Al Ortega, Dr. Pat Phelan, Dr. Sumanta Acharya, Dr. R-H Chen

• NASA (URETI), JPL

• DOE (Solar Energy Program)

• ARPA-E (ARID): U. Cincinnati  (Dr. R. Manglik, Dr. M. Jog), UCLA (Dr. V. Dhir), UC-Berkeley (Dr. V. P. Carey),  Boeing, Evapco,
Maulbetsch Consulatants.

• TSGC (Texas Space Grants Consortium)

• TEES (Texas A&M Engineering Experimentation Station)
• Crissman Institute for Petroleum Research
• Energy Institute
• Mary Kay O’Connor Process Safety Center
• Mechanical Engineering Dept., Texas A&M (New Faculty Start-Up Grant)

• QNRF (Qatar National Research Foundation)

• Industry Collaborators:
– 3M Corp.
– ADA Technologies (ONR STTR Phase I)
– Alstom
– Aspen Thermal Systems (ONR SBIR Phase I)
– ESI Corp.
– General Dynamics (Anteon Corp.): AFRL Seed Grant
– General Electric (GE): Corporate Research & Development, Global Research Center, NY
– Irvine Sensors (AFOSR SBIR Phase II)
– Lynntech Inc. (ARO SBIR Phase II)
– MRV Systems  (ONR SBIR Phase I)
– NanoInk Inc.
– Nano-MEMS Research (NSF SBIR Phase I, AFOSR SBIR/STTR Phase I & II)
– Photronics Corp./ Trianja Inc. (Silicon Venture Partners/ BG Group)

Acknowledgements



8 of 14

Multi-Phase Flows and Heat Transfer Lab. [dbanerjee@tamu.edu]

• DOE Solar Energy Program (NREL, Golden, CO):
– Brian Hunter, Allie Aman, Ryan Shininger, Brad Ring, Greg Glatzmaier PhD,

Craig Turchi PhD

• US Navy (SPAWAR, San Diego, CA):
– R. Nguyen, C. Huynh, R. Lu PhD, A. Ramirez PhD

• AFRL (WPAFB, Dayton, OH):
– RZ: R. Ponnappan PhD (AOARD), K. Yerkes PhD ,  T. Michalak,  A. Flemming,

Soumya Patnaik PhD, Cindy Obringer, Larry Byrd PhD
– RX: A. Roy, PhD, S. Ganguly, PhD (RX), L. Gschwender PhD, Ed Snyder PhD,

R. Naik PhD, J. Slocik, L. Brott PhD
• NASA (JPL, CA):

– Dr. Anu Kaul, Dr. K.G. Megerian
• Villanova University: A. Ortega PhD
• U. Maryland (UMD): J. Kim PhD
• U. New Haven: S. Sinha PhD
• U. Texas (Austin): S. Banerjee PhD
• U. Texas (Dallas): R. Baughman PhD
• U. Texas (Arlington): D. Shin, PhD
• TAMU – Qatar: R. Sadr PhD
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• DARPA (MF3 Center): 12 universities, 20 faculty,  8 companies, 2 National Labs.
– George Whitsides (Harvard)
– Luke Lee, Liwei Lin (UC Berkeley)
– Juan Santiago (Stanford)
– Marc Madou, Bill Tang, Abe Lee, Mark Bachman,  Robert Corn, Jim Brody, Elliott Hui, M. Khine (UCI)
– Steve Werely (Purdue)
– Hugh Fan (University of Florida)
– Jeff Wang (Johns Hopkins)
– Don Devoe (U. of Maryland, College Park)
– Ian Papautsky (U. Cincinnati)
– Tianghong Cui (U. Minnesota)
– David Beebe (U. Wisconsin)

Industry Partners (DARPA-MF3 Center)
• Douglas Scientific
• Pioneer Hi-Bred International, Inc.
• IDEX Health & Science
• SHRINK Nanotechnologies
• Microfluidic Innovations
• ESI Group
• Symbient Product Development
• Sierra Proto Express
• Lawrence Livermore National Labs.
• NASA Ames Research Center
• Beckman Coulter, Inc.
• BIOCOM
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Past Industry Partners (DARPA-MF3 Center)
• Monsanto Company
• Invitrogen
• Applied Biosystems (Life Technologies)
• Irvine Sensors Corporation
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11 Ph.D. and 17 M.S. Students Graduated  since 2005
~ 25 Undergraduate Scholars (3 honors thesis, 8 women/ minorities)
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• 28 Graduate Students graduated since 2005
– 17 MS ( 1 Woman)
– 11 PHD

• GRADUATE STUDENTS (6)
– 4 Ph.D., 2 M.S. Students(1 woman)

• UNDERGRADUATE  STUDENTS (25)
– 8 Women/ Minority students
– 3 UG Honors Thesis

• 3 Labs:
– Multi-Phase Flows & Heat Transfer Lab.
– CNT Furnace: Energy Systems Lab.
– Nano-Manufacturing: Wet Lab. (AggieFab)
– 7 Shared User Facilities

• Supercomputing Center, Texas A&M
• Microscopy and Imaging Center (MIC), Texas A&M
• Materials Characterization Facility (MCF), Texas A&M
• Center for Integrated Microchemical Systems (CIMS), Texas A&M
• INRF, University of California, Irvine (UCI)
• NSF National Nanotechnology Infrastructure Network (NNIN),

University of Texas, Austin
• SPAWAR (Space and Naval Warfare Center, US Navy)

M.S.M.S.M.S., PhD Ph.D.

5  Graduate Students graduated in 2007

M.S.M.S.M.S.M.S.

5 Graduate Students graduated in 2006
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Debjyoti ( “DJ”, “Deb”) Banerjee
3123 TAMU, Texas A&M
Mechanical Engineering
College Station
TX 77843-3123
Ph: (979) 845-4500

Fax: (979) 845-3081
Email: dbanerjee@tamu.edu
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