
 

 

 

College of Engineering 
Research Capabilities 

 

Engineering is about creating the future, research is about discovery, and 
education is about helping people reach their true potential. In the College of 
Engineering at The University of Alabama, these come together through 
student-centered engineering research. The underlying goal of all our research 
is educating innovative and creative engineers and computer scientists who 
will invent tomorrow. In a very real sense, we are driving innovation that is 
improving the world! 

Over the last decade, the College has experienced remarkable growth. 
Enrollment and research activity have more than doubled and we have hired 
over 100 new faculty. In addition, we completed construction of a new science 
and engineering complex at a cost of over $300 million. This complex includes 
state-of-the-art research laboratories, some of which are described here. 

The following pages provide brief synopses of some of the research that is 
being conducted by faculty and students in the College. However, engineering 
research is a fast-paced endeavor, and it is impossible for such a short 
document to describe all of the exciting things that over 150 faculty and 
thousands of students are doing. If you would like to learn more, please give 
us a call, send a note, or drop by campus. 

Roll Tide! 

 

         Contact: 
         John M. Wiest, PhD 
         Associate Dean for Research 
         College of Engineering 
         University of Alabama 
         Tuscaloosa, AL 35405 
         Phone: (205) 348-1727 
         E-mail: John.M.Wiest@ua.edu 
 

 



 

 

 

 

 

 

 

 

John Baker, PhD, Professor  

Mark E. Barkey, PhD, Professor & Interim 
Department Head 

Richard Branam, PhD, Assistant Professor 

Gary C. Cheng, PhD, Associate Professor 

Prasad Gogineni, PhD, Cudworth Professor & 
Director Remote Sensing Center 

Anwarul Haque, PhD, Associate Professor 

Jason He, PhD, Assistant Professor 

James Paul Hubner, PhD, Professor 

Charles L. Karr, PhD, Professor & Dean 

Amy Warncke Lang, PhD, Associate Professor 

Jordan Larson, PhD, Assistant Professor 

Sameer Mulani, PhD, Associate Professor  

Semih Olcmen, PhD, Professor 

Samit Roy, PhD, William D. Jordan Professor 

Md. Ali R. Sharif, PhD, Associate Professor 

Jinwei Shen, PhD, Associate Professor 

Rohan Sood, PhD, Assistant Professor 

Weihua Su, PhD, Associate Professor 

Xiaowen (Sean) Wang, PhD, Assistant Professor 

Kevin W. Whitaker, PhD, Associate Professor,  
Provost, & Executive Vice President 

Ning Zhang, PhD, Assistant Professor 

 

AERODYNAMICS & FLUID MECHANICS 
Wind & Water Tunnels: 2 low-speed wind tunnels (1 open circuit & 1 closed 
circuit | 10 – 145 ft/s, 12”×36” to 29”×44” cross-section, 6’ to 16’ length), 
water tunnel (0.33 – 1.64 ft/s, 15”×30” cross section, 9’ length), and 2 blow-
down supersonic wind tunnels (Mach number of 1.85 – 3.65, 2 distinct cross 
sections, 3”×3” and 6”×6”). Vertical tow facility (2’×3’×5’ tall (working fluid: 
water or high viscosity silicone oil). Available flow diagnostics: Volumetric 3-
Component Velocimetry (V3V) systems, Digital Particle Image Velocimetry 
(DPIV) systems, and Laser Doppler Velocimetry (LDV) systems. Additional 
flow diagnostics capabilities include Schlieren, shadowgraph, high-speed 
photography, hot-wire anemometry, pressure, and load measurements.  
 
COMPUTATIONAL MODELING & SIMULATION 
RC2 996 core computing cluster capable of 8.1 Teraflops of sustained 
performance (120TB of dedicated storage), numerous high performance 
workstations maintained in individual faculty laboratories. Major off-campus 
facilities include those of the Alabama Supercomputer Network, which 
maintains 3 separate computing clusters (one with 286 cores, one with 162 
cores, and a distributed memory cluster with 2216 cores for a total of 23.5 
Teraflops).   
 
MATERIALS MANUFACTURING & CHARACTERIZATION 
Mechanical Testing: Multiple servo-hydraulic testing frames ranging in load 
capacity from 50 lbs to 250,000 lbs. Capabilities include fatigue testing of 
materials & small structures in axial tension/compression, multi-axial 
tension-torsion, and combined bending & torsion. Related equipment 
includes an induction coil heating unit for thermo-mechanical fatigue, high 
temperature isothermal furnace, and a moderate temperature isothermal test 
chamber for material testing.  

Composite Materials: Facilities include those for composite materials 
characterization, development and processing of composite systems including 
compression molding, 4-axes filament winding machine, pultrusion 
equipment, single & twin-screw extruders, resin infusion vacuum pumps for 
manufacturing thermoset thermoplastic & nanocomposites films, and a 
supercritical dryer for manufacturing nanostructured aerogels for thermal 
insulation applications. Facilities are also available for static, cyclic & high 
strain rate testing, fracture and microstructural analysis using optical, 
scanning and transmission electron microscopes and x-ray diffraction 
methods (at the on-campus UA Central Analytical Facility), and ultrasonic C-
Scan inspection equipment with resonance, pitch-catch, and magnetic 
impedance probes for nondestructive evaluation of damage in composite 
structures. 

 
SPACE & ASTRONAUTICS 
2-m vacuum chamber (10-6 torr) with pumping capacity for continuous 
testing of ion and Hall thrusters up to 1 KW. Smaller vacuum chambers for 
cathode research and spacecraft interaction. Helmholtz cell (1m×1m×1m). 
Multiple shaker tables for vibrations testing. Diagnostics: retarding potential 
analyzer, Langmuir probe, Faraday cup, electrostatic analyzer, laser Doppler 
velocimetry, infrared imaging and thermography.  
  

Aerospace Engineering 
and Mechanics 



 

 

 

 

 

 

 

 

 

David W. Arnold, PhD,  Professor 

Yuping Bao, PhD,  Associate Professor 

Jason E. Bara, PhD, Associate Professor 

Christopher S. Brazel, PhD, Associate Professor  

Arunava Gupta, PhD, Professor, Professor of 
Chemistry, & MINT Professor 

Jamie Harris, PhD, Assistant Professor 

Qiang Huang, PhD, Assistant Professor 

Yonghyun (John) Kim, PhD, Associate Professor 

Tonya M. Klein, PhD, Associate Professor 

Amanda Koh, PhD, Assistant Professor 

Russell J. Mumper, PhD, Professor & Vice 
President for Research 

Qing Peng, PhD, Assistant Professor 

Shreyas Rao, PhD, Assistant Professor 

Stephen M.C. Ritchie, PhD, Associate Professor 

Ryan Summers, PhD, Assistant Professor 

C. Heath Turner, PhD, Professor & Department 
Head 

John van Zee, PhD, Professor 

Steven Weinman, PhD, Assistant Professor 

John M. Wiest, PhD, Professor & Associate Dean 
for Research and Economic Development 

Chao Zhao, PhD, Assistant Professor 

	
 
BIOTECHNOLOGY 
Nanobiotechnology: Research activities consist of preparation of 
nanomaterials using biological scaffolds, development of improved drug 
delivery systems, biological and biomedical detection and diagnostic 
systems using nanomaterials, and investigation of environmental effects of 
nanomaterials.  
Cancer Biology: Understanding the role of tumor-initiating cells and the 
development of tumor models focused on micro-environmental factors are 
research areas through which the mechanisms of cancer progression and 
therapy are being studied.  
Microbial Engineering: This research develops new bacterial and yeast strains 
for production of biosensors, chemicals, and pharmaceuticals. New 
biomolecular tools are also constructed to program cells as desired. 
 
MOLECULAR SIMULATIONS & COMPUTATIONAL CATALYSIS 
This research involves applying molecular-level simulations and electronic 
structure calculations to predict the thermodynamic and structural 
properties of polymer materials, bio-molecules, fuel cells, and inorganic 
nanomaterials as well as small organics and ionic liquids.  Additionally, 
atomistic simulations are used to design more environmentally-benign 
catalysts and chemical conversion processes. 
 
ELECTRONIC MATERIALS AND DEVICES 
Electronic Materials/Thin Films: Research addresses the fundamental 
understanding of atomic scale processes occurring during the synthesis of 
electronic materials. Special emphasis is given towards deducing the 
chemical reactions, thermodynamic driving forces and physical phenomena 
that govern the material’s physical, optical and electronic properties. 
Synthesis of Electronic Materials: This research effort focuses on the controlled 
synthesis and assembly of nanomaterials and nanostructures. The objective 
of this effort is the discovery of novel phenomena exhibited by materials in 
the nanoscale.  In particular, there are efforts to develop flexible electronic 
materials that can be used in soft robotics and in biological applications. 
 
ENERGY/ENVIRONMENTAL 
Alternative Energy: Heterogeneous catalysis is used to produce and purify 
hydrogen from fossil fuels. Electrocatalysis is studied for fuel cell 
electrodes, photovoltaics, batteries, and supercapacitors. Major objectives 
include improving the activity and stability of the catalysts and finding less 
expensive metals. 
Functionalized Membranes and Materials for Separation and Reaction: This 
research involves the addition of adsorption, anti-fouling, and catalytic 
properties to porous membranes and materials through the grafting of 
functional polymers and patterning membrane surfaces. Current research 
includes high capacity membrane adsorbers for monoclonal antibodies, 
pharmaceuticals, heavy metals, and water pollutants, responsive 
membranes for protein separation, anti-fouling membranes for produced 
water treatment, and acid and base catalytic membranes for alkylation and 
esterification reactions. 
Green Solvents: Ionic liquids, novel amines and glycerol-derived ethers are 
environmentally-friendly “green” solvents that can capture CO2 emissions 
from a variety of sources and process conditions. They can also be used to 
remove H2S and NH3 from natural gas. Similar molecules are also being 
used as building blocks to construct advanced polymer membranes for the 
same applications. 
Clean Water:  A diverse set of research activities are being used to develop 
technologies related to clean water.  This includes membranes for water 
purification and desalination, as well as nanosensors for detecting trace 
amounts of contaminants in water systems. 

Chemical and 
Biological Engineering 



 

 

Sriram Aaleti, PhD, Associate Professor 

Armen Amirkhanian, PhD, Assistant Professor 

W. Edward Back, PhD, Professor, Department Head, 
& Director of the Center for Sustainable Infrastructure 

Robert Batson, PhD, Professor  

Saahas Bhardwaj, PhD, Assistant Professor 

Prabhakar Clement, PhD, Professor & Director of the 
Center for Water Quality Research 

Thang Dao, PhD, Associate Professor 

Mark Elliott, PhD, Associate Professor 

Kenneth Fridley, PhD, Professor  

Alexander Hainen, PhD, Assistant Professor 

Pauline Johnson, PhD, Professor 

Steven Jones, PhD, Professor 

Jon Kam, PhD, Assistant Professor 

Sungjin Kim, PhD, Assistant Professor 

Michael Kreger, PhD, Garry Neil Drummond 
Professor 

Mukesh Kumar, PhD, Associate Professor 

Daan Liang, PhD, Professor 

Jay Lindly, PhD, Professor & Director of the 
University Transportation Center for Alabama 

Jun Liu, PhD, Assistant Professor 

Hamed Moftakhari, PhD, Assistant Professor 

Hamid Moradkhani, PhD, Alton Scott Professor & 
Director of the Center for Complex Hydrosystems 
Research 

Gary Moynihan, PhD, Professor 

Shashi Nambisan, PhD, Professor & Director 
Alabama Transportation Institute 

Chuma Nnaji, PhD, Assistant Professor 

Minjae Shin, PhD Assistant Professor 

Wei Song, PhD, Associate Professor 

Leigh Terry, PhD, Assistant Professor 

Glenn Tootle, PhD, Associate Professor 

Jialai Wang, PhD, Professor 

Derek Williamson, PhD, Associate Professor 

CONSTRUCTION ENGINEERING AND MANAGEMENT   
The Construction Engineering and Management faculty research design 
and optimization of construction methods and materials; building design 
and construction; design and performance of temporary structures and 
fabricated components; design and construction of infrastructure systems; 
construction for sustainability and resiliency; and integration of new 
technologies in construction execution and project delivery. There is strong 
emphasis in probabilistic approaches to all phases of project execution and 
performance monitoring. Life-cycle costs, risk mitigation, and 
constructability are also areas of expertise. 
 
ENVIRONMENTAL AND WATER RESOURCES  
The faculty of the Environmental and Water Resources Engineering 
Group have diverse research interests and expertise. Together they share a 
vision to lead the nation in the research, development and application of 
science and engineering principles to collect and transform environmental 
and water resource information into actionable knowledge to protect 
public health and promote environmental stewardship and resilience. This 
synergy provides students and researchers access to a broad array of 
research and instructional facilities, including a state-of-the-art 3D 
Visualization Laboratory.  The faculty are actively engaged with our Center 
for Water Quality Research and the Center for Complex Hydrosystems 
Research.  Both centers support the Alabama Water Institute, which is 
major research initiative at The University of Alabama.   Key research 
includes climate and climate change impacts; complex hydrosystems, 
environmental informatics, and decision support; fate and transport of 
contaminants in the environment; global water, sanitation, and hygiene; 
hydrologic and frequency modeling; stormwater and emerging 
contaminants; and water and wastewater treatment. 
 
STRUCTURAL ENGINEERING AND MATERIALS  
The Structural Engineering and Materials faculty explore, develop, and 
apply innovative condition evaluation technologies, novel structural 
systems, and next-generation materials and systems for enhanced 
performance of structures under extreme loads such as hurricanes, 
tornados, and earthquakes. Their efforts are made possible by several key 
laboratories: the Large Scale Structures Lab, equipped with state-of-the-art 
hybrid test capabilities; the Wind Hazard Simulation Testing Lab, equipped 
with a wind tunnel and wind-bourn debris gun; and the Advanced 
Infrastructure Materials Laboratory, equipped for material development 
and assessment from the nano-scale to macro-scale. Notable activities 
include post-disaster reconnaissance, public safety and community 
preparedness, strengthening with advanced materials, structural health 
monitoring, and dynamic effects on structures. 
 
TRANSPORTATION SYSTEMS ENGINEERING   
The Transportation Systems Engineering faculty are active in the 
University Transportation Center for Alabama (UTCA), supporting 
UTCA’s theme of management and safety of transportation systems. The 
group supports the Alabama Transportation Institute, a major area of 
research expertise across the university.  Specific faculty research interests 
include traffic impact analysis, traffic signal systems design, autonomous 
vehicles and their support systems, roundabout design, crash reductions, 
adaptive traffic signal controls, public transportation, environmental 
impacts of transportation, transportation in the developing world, and life 
cycle design of pavements.  Supporting many of the research efforts is the 
Intelligent Transportation Systems laboratory, a facility linked to 30 traffic 
cameras located within the city of Tuscaloosa.  

Civil, Construction,  
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Monica Anderson, PhD, Associate Professor 

Travis Atkinson, PhD, Assistant Professor 

Richard Borie, PhD, Associate Professor 

David Brown, PhD, Professor 

Jeffrey Carver, PhD, Professor 

Chris Crawford, PhD, Assistant Professor 

Brandon Dixon, PhD, Associate Professor 

Jeff Gray, PhD, Professor 

Xiaoyan Hong, PhD, Associate Professor 

Zhe Jiang, PhD, Assistant Professor 

Aibek Musaev, PhD, Assistant Professor 

Randy Smith, PhD, Associate Professor 

Dingwen (Devin) Tao, PhD, Assistant Professor 

Susan Vrbsky, PhD, Associate Professor & 
Interim Department Head 

Yang Xiao, PhD, Professor 

Jingyuan (Alex) Zhang, PhD, Associate Professor 

SOFTWARE ENGINEERING  
Key areas of interest include empirical software engineering, model-driven 
engineering, and engineering secure software. Ongoing projects in 
empirical software focus on software engineering for scientific software, 
peer code review, human errors in software engineering, improving 
software quality, and understanding human factors in software 
development. Research in model-driven engineering seeks to model 
software systems so that experts in a specific domain can more easily solve 
their problems. Ongoing projects include code generation deployed on the 
web, mobile devices, or embedded in hardware devices. Research in 
engineering secure software seeks to identify approaches that help.  
 
CYBER SECURITY  
Cyber security research involves the defense of computer systems, from 
mobile devices to control systems, from damage or compromise of their 
data and/or components.  Research activities focus on cryptography; 
intrusion detection; digital forensics; secure and trustworthy vehicle 
communication; transportation infrastructure security; security in smart 
grids; threat avoidance; and cyber, physical, and joint perspectives to secure 
industrial control systems. 

DISTRIBUTED AUTONOMY AND HCI 
Research focuses on using teams of robots to accomplish high-level tasks, 
including the study of appropriate multi-robot experimental frameworks 
through evaluation of measurement tools, soft ware architectures, and 
development and simulation environments.  Another research focus falls at 
the intersection of physiological computing and Human-Computer 
Interaction (HCI). Current research activities aim to expand knowledge of 
novel physiological computing systems that enhance usability and user 
experience using neurophysiological signals such as EEG. Ongoing 
research is also exploring ways to abstract low-level signal processing 
procedures to address entry barriers to areas of physiological computing.  
 
BIG DATA ANALYTICS  
The big data analytics group develops effective and efficient computer 
algorithms and software for big data problems in various interdisciplinary 
applications. One research focus is spatial and spatiotemporal data mining, 
GIS, and spatial big data for applications in earth science, transportation, 
and public safety. Another research focus is social media mining for 
disaster management, and analysis of traffic video streams for public safety. 
An additional research focus is big data analytics acceleration, parallel and 
distributed big data stack, scientific data reduction and visualization, and 
high performance scientific simulations. 
 
NETWORKING AND ITS APPLICATIONS 
Research activities focus on routing, mobility, privacy, security, monitoring, 
MAC, quality of service, bio-inspired communications, and includes 
surveillance applications, coverage and connectivity, energy efficiency and 
vehicle networks.  The vehicle network focus is on secure communication 
given dynamic network conditions and tight response time constraints, and 
developing technologies for connected and/or autonomous vehicular 
applications. Additional research focuses on network infrastructure for big 
data movement, underwater acoustic communication/networking, sensor 
networks and arrays, DSRC V2X and intelligent transportation systems, 
and mobile edge/fog computing. Applications include developing 
technologies for 5G ultra dense networks and secure tele-healthcare. 
  

Computer 
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Jaber Abu-Qahouq, PhD, Associate Professor 

Bharat Balasubramanian, PhD, Professor & 
Executive Director CAVT 

Jacob Chakareski, PhD, Assistant Professor 

Todd Freeborn, PhD, Assistant Professor 

Yu Gan, PhD, Assistant Professor 

Prasad Gogineni, PhD, Cudworth Professor & 
Director Remote Sensing Center 

Sevgi Gurbuz, PhD, Assistant Professor 

Tim Haskew, PhD, Professor & Department 
Head 

Yang-Ki Hong, PhD, E. A. “Larry” Drummond 
Professor of Computer Engineering 

Fei Hu, PhD, Professor 

Nathan Jeong, PhD, Assistant Professor 

Margaret Kim, PhD, Associate Professor 

M. Can Kisacikoglu, PhD, Assistant Professor 

Sushma Kotru, PhD, Associate Professor 

Patrick Kung, PhD, Associate Professor 

Andrew Lemmon, PhD, Associate Professor 

Dawen Li, PhD, Associate Professor 

Shuhui Li, PhD, Associate Professor 

Sharlene Newman, PhD, Professor & Director 
Alabama Life Research Institute 

Kenneth Ricks, PhD, Associate Professor 

Edward Sazanov, PhD, Professor 

Aijun Song, PhD, Assistant Professor 

Shunqiao Sun, PhD, Assistant Professor 

Takao Suzuki, PhD, Professor & MINT Director  

Ryan (Drew) Taylor, PhD, Assistant Professor 

Stephen Jie-Bang Yan, PhD, Assistant Professor 

DEVICES AND MATERIALS 
This group supports laboratory facilities for biophotonics and advanced 
nanosensing, electroplating, magnetic materials and devices, nanoimprinted 
devices, organic electronics, and nano-opto-electronics. These facilities 
conduct research on biomedical imaging and sensing for early cancer 
detection, nanophotonics, plasmonics, solar cells and thin-film transistors 
on flexible substrates, evaluation and synthesis of ceramics and thin films 
of oxide electronic materials, uncooled infrared pyroelectric/optic 
detectors, PZT-based piezoelectric MEMS sensors and actuators, 
multiferroic heterostructures, nanoscale structures for information data 
storage and microwave communication systems, spintronics, miniature 
MHz-GHz ferrite antennas, magnetic nanoparticles, magnetic graded 
media using nanoimprint lithography, rare-earth free permanent magnets, 
novel semiconductor materials and nanostructures for optoelectronic and 
electronic devices, and developing new MOVPE synthesis approaches.  
Additionally, the Remote Sensing Center supports the development, 
fabrication, and deployment of radar-based devices for a variety of water 
related applications. 
 
ELECTROMECHANICAL SYSTEMS 
The Electromechanical Systems Lab focuses on high-power motion 
control system development and integration topics. Research concentrates 
on system integration and components of modern electromechanical 
devices and systems including power electronics, electric machinery, 
advanced energy storage, renewable resources, system-level control, and 
design optimization. Work in the Energy Systems Lab and Power 
Electronics and Control Lab focuses on developing high performance 
topology architectures and analog/digital control methods to improve 
energy efficiency, improve dynamic response and stability, increase power 
density, and reduce cost. Research in the Advanced Control of Energy 
Systems Lab is focused on the development of novel techniques for 
advancing state-of-the art energy conversion including leveraging 
technologies such as energy harvesting and wide band-gap semiconductors.  
A significant emphasis is placed on transportation applications, particularly 
vehicle electrification and electric vehicle integration with the utility grid. 
 
EMBEDDED SYSTEMS 
We make use of various computing platforms and reconfigurable hardware 
to study the hardware and software components of embedded systems. 
The Real-Time Image Processing Lab laboratory focuses on image 
processing algorithms and their ultrafast implementation via custom 
hardware architectures. The Wireless Sensors and Networks Lab examines 
sensor design, behavioral biometrics, decentralized signal processing and 
learning, bio-inspired sensing, and information exploitation. Research also 
includes large-scale sensor network engineering design, sensor fusion and 
data mining. Wireless security research includes system security in wireless 
LAN, sensor networks, and other networking platforms. The Embedded 
and Robotics Systems Lab supports research involving the design and 
fabrication of embedded systems with a focus on ground and aerial robotic 
systems. Of particular interest are advanced autonomous navigation 
systems and coordinated groups of robots. The Security, Signals, and 
Sensors Lab is performing research in cyber-security for wired and wireless 
networks focused on cyber-physical and medical systems, intelligent signal 
processing, and sensor design. The Immersive Communication Lab 
investigates efficient methods for capturing, coding, processing, and 
communicating 3D visual signals that characterize a scene of interest from 
multiple perspectives to enhance the sensation of immersion for a remote 
user. Work in the Computer Laboratory of Wearable and Ambient Systems 
focuses on applications of wearable devices in biomedical applications, 
rehabilitation and human behavior monitoring.  

Electrical and 
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Ajay Agrawal, PhD, Professor & Barfield Chair 

Paul Allison, PhD, Associate Professor 

Marcus Ashford, PhD, Associate Professor 

Bharat Balasubramanian, PhD, Professor & 
Executive Director CAVT 

Stuart Bell, PhD, Professor & President 

Joshua Bittle, PhD, Assistant Professor 

Christian Cousin, PhD, Assistant Professor 

Keivan Davami, PhD, Assistant Professor 

Daniel Fonseca, PhD, Associate Professor 

Nader Jalili, PhD, Professor & Department Head 

J. Brian Jordon, PhD, Associate Professor 

Matthew Kasemar, PhD, Assistant Professor 

Sundar Krishnan, PhD, Associate Professor 

David MacPhee, PhD, Assistant Professor 

Dario Martelli, PhD, Assistant Professor 

Zheng O’Neill, PhD, Associate Professor 

Paul Puzinauskas, PhD, Associate Professor 

Xiangrong Shen, PhD, Professor 

Steve Shepard, PhD, Professor  

Kalyan Srinivasan, PhD, Associate Professor 

Beth Todd, PhD, Associate Professor 

Mruthunjaya Uddi, PhD, Assistant Professor 

Vishesh Vikas, PhD, Assistant Professor 

Alexey Volkov, PhD, Associate Professor 

Xuefang Wang, PhD, Assistant Professor 

Keith Williams, PhD, Associate Professor 

Keith Woodbury, PhD, Professor  

Hwan-Sik Yoon, PhD, Associate Professor 

 

 

THERMOFLUIDS SCIENCE 
Engines and Combustion Laboratory: Engine test equipment includes 
dynamometers with measurement capability from 10 to 600 HP, 
emissions test bench with dilution tunnel, flow bench and laser-
aided diagnostics. Fundamental combustion areas include liquid 
biofuels, porous media burners, and meso-scale combustion research 
for low-emissions, fuel-flexibility, and high efficiency. Instruments 
include gas analyzers, high-speed imaging systems, gas 
chromatograph, flow benches, rainbow Schlieren deflectometry, a 
two-component phase Doppler particle, and flame imaging systems 
for chemilumniscence measurements. 
Alabama Industrial Assessment Center: The center assists small-to- 
medium sized manufacturing industries in Alabama with energy 
management, waste reduction, and productivity increases. Students 
are involved in plant assessments and energy productivity issues. 
Building Energy and HVAC&R Systems: Research includes building 
modeling and simulation, intelligent building operation, and smart 
building systems and smart grid. Topics include performance 
monitoring, diagnostics, and uncertainty quantification. 
 
DYNAMIC SYSTEMS AND CONTROL  
Structural Acoustics Laboratory: This laboratory is capable of vibration 
and acoustic modeling using lumped parameter and finite-element 
methods, and experimental capabilities include vibration and acoustic 
measurements including acoustic characterization in hemi-anechoic 
and anechoic fields. 
Applied Controls Laboratory: The focus of the ACL is the modeling, 
analysis and control of dynamic systems. Research topics include 
vibration control, vibration testing, and sensors. 
Bio-Robotics Laboratory: Research on the design and control of 
biologically inspired robots and biomedical robotic devices. Projects 
include artificial muscle actuators, robotic prostheses, and 
exoskeletons for rehabilitation. 
Modeling, Simulation, and Integrated Control Laboratory: Research on 
modeling, simulation, and control of dynamic systems including 
automotive and smart material systems. Research includes 
development of full vehicle models for the simulation and control 
of passenger cars and construction equipment. 
 
MATERIALS PROCESSING AND MANUFACTURING 
Surface Science and Engineering: Research includes multi-scale 
manufacturing processes, surface integrity and functionality, 
computational manufacturing, mechanical behavior, sensors and 
sensor-networks, and sustainable  manufacturing. 
Precision Manufacturing Research: Research in manufacturing processes, 
manufacturing metrology, tribology, and material characterizations. 
Specific work is focusing on novel additive manufacturing 
technologies. 
Advanced Materials Diagnostics: Research on fatigue and fracture, 
microstructural-based constitutive modeling of plasticity and damage, 
fatigue modeling, finite element method, solid mechanics, stress 
analysis, failure analysis, and strain rate effects for advanced materials. 
Manufacturing Systems: Research includes systems reliability and 
maintainability, intelligent decision support systems, manufacturing 
systems and systems simulation. Topics include development of 
intelligent systems for manufacturing, transportation and logistics 
problems. 
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Viola L. Acoff, PhD, Professor & Associate Dean 
for Undergraduate and Graduate Programs 

Luke N. Brewer, PhD, Associate Professor 

Steven Daniewicz, PhD, Professor & Department 
Head 

Subhadra Gupta, PhD, Professor 

Greg Kubacki, PhD, Assistant Professor 

Nilesh Kumar, PhD, Assistant Professor 

Lin Li, PhD, Assistant Professor 

Laurentiu Nastac, PhD, Associate Professor 

Ramana G. Reddy, PhD, ACIPCO Professor  

Takao Suzuki, PhD, Professor & MINT Director 

Gregory B. Thompson, PhD, University Research 
Professor & Director of the UA Materials Science 
Program 

Ruigang Wang, PhD, Associate Professor 

Mark L. Weaver, PhD, Professor  

Feng Yan, PhD, Assistant Professor 

 
 
 
MATERIALS PROCESSING 
Advanced Materials Processing: This research uses reaction kinetics, 
thermodynamics, electromagnetic phenomena, heat transfer and fluid flow 
to address issues related to advanced processing techniques such as laser 
processing, plasma processing, and magnetic suspension melting. Specific 
research efforts focus on manufacturing of nanocomposites and metal 
matrix composites and processing of various metals and heat resistant 
materials. 
Materials Joining: This research focuses on the understanding the 
fundamentals of welding and other joining processes.  Specific efforts 
focus on resistance spot welding and friction stir welding.  Related research 
efforts consist of using roll bonding to develop a simple method for 
processing intermetallic compounds. 
Metal Casting and Solidification: Research activities involve sand, die, 
investment, and centrifugal casting of metals and alloys including gray iron, 
steel, aluminum, magnesium, superalloys, copper, and titanium. Related 
research also focuses on effect of trace elements on the microstructure and 
dimensional behavior of ductile iron and measurement of mechanical 
properties in the mushy zone. 
Additive Manufacturing and Repair: This research focuses on the use of cold 
dynamic spray deposition to repair engineering structures.  Specific 
research is being conducted to explore the fundamental influences of 
processing parameters and powder microstructure on the microstructures 
and properties of cold sprayed aluminum and steel structures. 
 
MATERIALS CHARACTERIZATION 
Structural Characterization: This research utilizes advanced microstructural 
characterization techniques such as scanning-transmission electron 
microscopy, transmission electron microscopy, x-ray diffraction, electron 
probe microanalysis, atom probe tomography, and atomic force 
microscopy to determine the physical mechanisms for material behavior 
and to evaluate phase transformations and phase stability in a variety of 
materials over six orders of magnitude in length scales.  
 
INTEGRATED COMPUTATIONAL MATERIALS ENGINEERING 
Computational Materials: This research involves use of computational 
simulations and analytical theories to establish the spatial and temporal 
connections between microscopic atomic processes and macroscopic 
material performance, particularly for nanostructured metals, metallic 
glasses and grain boundary networks. The focus of this research is to 
explore the structure-property-processing relationships in structural metals 
and materials, with particular emphasis on size effect, structural disorder, 
and their roles on mechanical properties. 
 
THIN FILMS AND NANOMATERIALS 
This research focuses on giant magnetoresistive nanolaminates for MEMS-
based sensors, high moment laminated Ru/FeCo for data storage, and 
transparent conductive oxides for displays. Research efforts also includes 
interfacial stability in heterostructured multilayered films, nanocrystalline 
grain growth and stability, and tailored fiber growth architectures. 

Metallurigical and 
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The CENTER FOR ADVANCED PUBLIC SAFETY (CAPS) is an applied research center focused on the integration of 
technology into real-world problems that impact public safety and well-being.  CAPS develops new technology for 
police officers, emergency medical units, and for government business units that support criminal justice, 
transportation, human services, vehicle tax registration, and collection and a host of related services.   With the 
provision of cutting edge technology that impacts lives in so many different ways, we engage in engineering and 
applied social/behavioral science research made possible by technology-produced substrate data.  To support this 
applied research, we also maintain a strong basic research stream in data analytics and the computing technology 
needed to support big data in society. 
 
The CENTER FOR ADVANCED VEHICLE TECHNOLOGIES (CAVT) is dedicated to the advancement of vehicle 
technology. Based on a unique educational program geared towards future automotive technologies and 
interdisciplinary research in modern facilities, it strives to provide the automotive industry with novel ideas, scientific 
consultation, as well as new generations of engineers and scientists informed in the latest technologies. It capitalizes on 
the University’s location at the heart of the flourishing automotive industry in the southeastern United States. 
 
The CENTER FOR COMPLEX HYDROSYSTEMS RESEARCH (CCHR) performs research that enables improved water 
management and thereby improves emergency preparedness, improves human health and safety, and provides more 
reliable hydropower generation, as well as allowing water resources to be maintained for wildlife and recreation. The 
research improves our ability to predict extreme hydroclimatic events, including flooding, which is critical for decision 
makers in disaster mitigation, particularly in a changing world where historical observations are no longer a clear guide to 
the future. Around the world, and in the southeast United States particularly, water managers face a range of challenges 
that include record droughts, unprecedented flooding, and an ever-increasing demand for reliable water supply. These 
challenges have implications across all scales of water management from hourly operations to planning over decades. 

The CENTER FOR WATER QUALITY RESEARCH (CWQR) is an interdisciplinary research center dedicated to the 
study of maintaining and providing secure, clean fresh water. The National Academy of Engineering has identified 
providing access to clean water as one of the 14 major challenges facing global civilization in the 21st century. Nearly a 
billion people around the world do not have adequate access to clean drinking water, and the impact on world health is 
staggering. Faculty and students in the CWQR study wastewater remediation and treatment, water purification and reuse, 
biofiltration and ultraviolet disinfection, saltwater intrusion, and water security more generally. 
 
The CENTER FOR SUSTAINABLE INFRASTRUCTURE (CSI) serves as an innovative technical resource, knowledge 
center, and educational provider addressing critical issues related to sustainable infrastructure, whether it be at the 
local, regional, national, or global level.  The CSI extends its focus to range from materials to full-scale structural 
systems, including the development of new, novel materials and structural systems as well as the short- and long-term 
performance of materials and structural systems to service and extreme loading conditions and hazards.  The 
CSI's utilizes a cradle-to-grave approach to infrastructure, including pre-project planning, design, construction, 
maintenance, renovation/ rehabilitation, decommissioning/deconstruction, and reuse. 
 
The INTEGRATIVE CENTER FOR ATHLETIC AND SPORTS TECHNOLOGY (ICAST) is an interdisciplinary center 
drawing on expertise in engineering, kinesiology, health science and athletic training. It is devoted to the development of 
new technologies and the application of existing technologies for the primary purpose of reducing injury, accelerating 
recovery from injury, enhancing human performance and optimizing nutrition in performance and recovery. The central 
theme of research and development of new technologies directly associated with competitive sports is unique, giving UA 
faculty, staff and students the opportunity to be part of the first such research center in the nation. I-CAST brings 
together people from across campus with a passion in this niche topic to collaborate on innovative research. The center 
is supported by the College of Engineering, College of Education, College of Human Environmental Sciences 
and Crimson Tide Athletics.  
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The REMOTE SENSING CENTER (RSC) develops technologies that enable high-resolution regional-scale snow and soil 
moisture measurements in support of hydrological modeling. The measurements also contribute to major advances in 
precision agriculture by enabling targeted irrigation. It is now possible for remote sensing instrumentation to be 
significantly miniaturized, reducing weight and power consumption in ways that open up new opportunities for space-
based, airborne, and ground-based measurements. Teams of researchers in the center work with state-of-the-art facilities 
to take advantage of the latest technologies and develop new technologies to design and build sensor systems for piloted 
and unmanned aircraft-based systems and enable snow, soil moisture, and ice measurements that will transform water 
management and use. While regional and small-scale measurements of snow and soil moisture can be performed with 
radar-equipped aircraft, the Center is also expanding to large-scale surveys by partnering with federal agencies and 
industry to develop and launch satellite-based sensors. 

The UNIVERSITY TRANSPORTATION CENTER FOR ALABAMA (UTCA) is a three-campus center housed in the 
College of Engineering on the University of Alabama campus with collaborating institutions the University of Alabama 
at Birmingham and the University of Alabama in Huntsville.  UTCA’s research theme is Management and Safety of 
Transportation Systems. UTCA is a member of the Region 4 University Transportation Center consortium headed by the 
University of Tennessee.  In addition to federal funding through the consortium, work at the UTCA is also supported by 
contracts through agencies such as the Alabama DOT, the Wisconsin DOT, and the Portland Cement Association SE 
Region.  Current UTCA research projects include writing the Strategic Highway Safety Program for the state of Alabama, 
evaluating adaptive traffic signal control, developing the ALDOT roundabout design and operations manual, evaluating 
congestion on Interstates using crowd-sourced data, and developing crash modification factors and safety performance 
factor calibrations for the state of Alabama.    



 
 
	
 
 

 
 

The ADVANCED COMPOSITE MATERIALS LABORATORY includes facilities for manufacturing, characterization and 
modeling of advanced composites and nanostructured materials. Compression molding hot press, filament winder, 
pultrusion equipment, single and twin-screw extruders, and resin infusion vacuum pumps are available for manufacturing 
thermoset, thermoplastic and nanocomposites film, plates and structural components as well as nanostructured aerogels 
for thermal insulation applications. Nanoparticle dispersion equipment such as ultrasonic bath, tip sonication and 
mechanical high shear mixer are also available for processing polymer nanocomposites. Fracture analysis and 
microstructural studies are carried out using available optical, scanning and transmission electron microscopes as well as 
x-ray diffraction (central analytical facility). An in-house FEA code (NOVA-3D) for predicting long term environmental 
durability of polymer and polymer composites is also available. 

The ADVANCED MATERIAL TESTING LABORATORY in the South Engineering Research Center features multiple 
servo-hydraulic testing frames ranging in load capacity from 50 lbs to 250,000 lbs.  The equipment is capable of fatigue 
testing materials and small structures in axial tension/compression, multiaxial tension-torsion, and combined bending 
and torsion.  Related equipment includes an induction coil heating unit for thermo-mechanical fatigue, a high 
temperature isothermal furnace and a moderate temperature isothermal test chamber for material testing. The 
Mechanical Testing Laboratory in the North Engineering Research Center contains a full suite of electromechanical and 
servohydraulic load frames capable of load capacities ranging from 100 to 10,000 kN at temperatures up 1600°C.  The 
lab also houses a Gleeble 1600 thermomechanical simulator, split Hopkinson bbar, and a full nano- and micro-
mechanical test lab with indentation and wear test capabilities. 

The University of Alabama’s CENTRAL ANALYTICAL FACILITY houses more than $10M of micro-analytical and 
microscopy equipment. The CAF is a general user facility – with access to on and off campus users. It is staffed with a 
full time laboratory manager and instrumentation specialists who provide training and maintenance of the instruments, in 
conjunction with manufacturer service contracts ensuring that all tools are functioning and operating within 
specifications. The range of instruments can provide 1D, 2D and 3D imaging from the atomic scale to millimeters. In 
addition, several of the tools can provide chemical mapping and crystallographic orientation and diffraction capabilities.  
The CAF instruments and techniques include a local electrode atom probe, focused ion beam microscopes, transmission 
electron microscope, scanning electron and microprobe microscopes, X-ray photon spectroscopy, and X-ray diffraction.  

The UA CLEANROOM houses micro-patterning and plasma processing equipment in a Class 100/1000 clean room, 
similar to those used for producing microchips. Devices are patterned via photolithography using a Solitec 5110 spinner 
and  Karl Suss MA6 mask aligner. Thin film deposition equipment include the SFI Shamrock sputtering system, Denton 
Vacuum Explorer electron-beam evaporator, and ST Systems PECVD. Plasma etching equipment include the ST 
Systems Advanced Silicon Etcher, ST Systems Advanced Oxide Etcher, Intelvac ion mill with Veeco ion source, 4-Wave 
Ion Beam Etcher, and Yield Engineering Systems YES-R3 plasma asher. In addition, there are tools available for 
performing thin film metrology (Veeco Dektak V220-Si stylus profilometer, 4 Point Probe station, Zeiss Axioplan 2 
optical microscope, Nanometrics Nanospec 212 Film Thickness Measurement System, Rudolph Auto-EL III 
ellipsometer, Flexus thin film stress tester). Research applications include materials and devices for computer disk drives, 
advanced memory, semiconductors (including photovoltaics), and various types of sensors. 

The ELECTROMECHANICAL SYSTEMS LAB (EMSyL) focuses on high-power motion control and energy conversion 
system development and integration topics such as thrust vector control systems, flight surface control systems, 
renewable resource generation, and hybrid/electric vehicles. The facility houses state-of-the-art development, fabrication, 
prototyping, testing, and instrumentation equipment.  EMSyL research focuses on system integration and components of 
modern electromechanical devices and systems including power electronics, electric machinery, advanced energy storage, 
renewable resources, system-level control, and design optimization. 

The ENGINES AND COMBUSTION LAB (ECL) is a premier facility in the South Engineering Research Center.  The 
ECL consists of 11,000 square feet of high-bay space partitioned into six test cells, four instrument rooms between the 
test cells, two large work rooms, a central hallway, and substantial storage space.   One large test cell houses a two-roller 
chassis dynamometer capable of measuring power output of front, rear, or four-wheel-drive vehicles up to 14,000 
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pounds gross vehicle weight and up to 350 hp per axle.  The other large test cell houses an AC engine dynamometer 
rated at 650 hp and up to 1360 ft-lbf torque.  Emissions equipment includes a dilution tunnel and five-gas emissions 
analyzers for raw and diluted samples, plus particulates, capable of handling the exhaust of a 650 hp diesel engine at full 
load.  Other available ECL instrumentation includes a fast-response Cambustion CLD500 NOx analyzer, fast-response 
TSI EEPS Particulate Spectrum and Number (PSN) analyzer, Thermo-Scientific REGA Fourier Transform Infrared 
(FTIR) spectrometer with heated sample line, fast-response (1 ms/amu) V&F AIRSENSE mass spectrometer, 
Cambustion HFR400 Fast-FID hydrocarbon analyzer, Koehler Instruments K45000 distillation analyzer, and a gas 
chromatograph system for product-gas analysis.  Laser-based diagnostic instruments available are several Particle Image 
Velocimetry (PIV) systems, including a time-resolved stereoscopic PIV system, a standard, low-speed PIV system, and a 
TSI Volumetric 3-component Velocimetry (V3V) system for 3D velocity-field measurements.  Also available is a high-
speed TSI Planar Laser-Induced Fluorescence (PLIF) system for time-resolved combustion species measurements.  
Other optical diagnostic systems include a quantitative rainbow Schlieren apparatus for whole-field scalar measurements, 
Schlieren, shadowgraph, and holographic interferometry systems for spray and flame imaging, a Laser-Doppler 
Velocimetry (LDV) system for velocity and turbulence measurements, and a Phase-Doppler Particle Analyzer (PDPA) 
system for point measurements of drop size/velocity. 

The heart of the LARGE SCALE STRUCTURES LABORATORY (LSSL) is a 40-ft x 75-ft strong floor with moveable and 
stackable reaction blocks that can be positioned anywhere on the floor to allow maximum flexibly for test 
configurations.  A full suite of dynamically-rated servo-hydraulic actuators dare available ranging from 35 kips to 330 
kips.  The lab is equipped to conduct hybrid-testing, including both seismic and wind response.  A 10-ft x 10-ft x 10-ft 
soils pit is also housed within the LSSL.  The centerpiece of the lab is a high-performance, uniaxial 12-ft x 13-ft 
earthquake simulation shake table with a maximum payload of 20 tons and a maximum acceleration of 1.2g.  

The METAL CASTING AND SOLIDIFICATION RESEARCH FACILITY at The University of Alabama involves sand, die, 
investment and centrifugal casting of metals and alloys including gray iron, steel, aluminum, magnesium, superalloys, 
copper and titanium. The Foundry is equipped with three induction furnaces for melting cast iron, steel, brass, bronze, 
and aluminum-based alloys. The capacity of these furnaces ranges from 50-lb to 200-lb. The foundry also houses a 
vacuum induction furnace with directional solidification capabilities for melting and casting superalloys that can produce 
up to 25-kilogram turbine components cast into ceramic-shell molds. Molding equipment and a core machine for making 
both green sand and pepset-based molds and cores are also located in the Foundry, as well as a sand-testing lab. 

The University has a variety of WIND AND WATER TUNNELS including a closed circuit low-speed wind tunnel, an open 
circuit low-speed wind tunnel, a water tunnel, and two blow-down supersonic tunnels for fluid dynamic research. 
Instrumentation available include volumetric 3-component velocimetry (V3V), digital particle image velocimetry (DPIV), 
laser Doppler velocimetry (LDV), Schlieren, high-speed photography systems for optical diagnostics, in addition to hot-
wire anemometry, pressure, and load measurement capabilities. The wind speeds achievable are 5-45 m/s in the low 
speed wind tunnels, water tunnel has 10-50 cm/s flow velocity range, and the supersonic tunnels have Mach 1.65-4 
range. Tunnels can accommodate different size test articles. The subsonic tunnel test sections vary between 12"x36" to 
29"x44" with 6 to 16 ft long test sections. The water tunnel has a 15" x 30" cross section and 9 ft length. Supersonic 
tunnels have two distinct cross sections one 3.5" x 3.5" and the other 6"x 6". Research conducted in these tunnels 
include: shark skin drag reduction experiments, bio-inspired UAV wing design investigation, and shock-wave boundary 
layer interaction research among any other topics. 

Research in the WELDING AND JOINING LABORATORY at The University of Alabama focuses on the joining of 
advanced materials for aerospace and automotive applications. The Welding and Joining Lab is equipped with a Lincoln 
Square Wave TIG 355 Welder, a Thompson A-1 Spot Welder and a Stanat Model TA215 2-Roller Mill. The TIG 355 is 
used for TIG (GTAW) and stick (SMAW) welding processes within the recommended output capability of 2 to 400 
amps on both AC and DC polarity.  

 


