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UndergradUate gradUate
Vanderbilt University’s Graduate School, in collaboration with the 

School of Engineering, offers master of engineering, master of sci-

ence, and doctoral degrees in mechanical engineering. 

 The department is recognized internationally as a research 

leader in the areas of bioMEMS, combustion, microscale heat trans-

fer and fluid mechanics, nanotechnology, medical device design, 

mechatronics, prosthetics, and robotics. The curriculum can be 

designed to achieve both the bachelor’s and the master of engi-

neering within five years. A doctoral degree prepares the student 

for a career of independent research and contributions toward the 

advancement of science and technology. Graduate students have 

the opportunity to design an interdisciplinary curriculum with a 

mechanical engineering focus area that will provide a competitive 

advantage in obtaining an academic faculty position, or a leader-

ship position in research and development at a startup company, 

government laboratory, or in a leading company in the area of 

interest to the student. 

 Our engineering graduates are widely known and valued for 

their expertise, interdisciplinary experience, intellectual indepen-

dence, communication skills, and leadership, and are thoroughly 

prepared for the 21st century global work environment.

The study of mechanical engineering requires a basic 

understanding of mathematics, chemistry, physics, and the 

engineering sciences. Mechanical engineering education 

emphasizes solid mechanics; dynamics of machines; aerodynamics; 

propulsion devices; material behavior; power producing and 

environmental conditioning processes; control of dynamics of 

machines; energy conversion; and the synthesis, development, 

evaluation, and optimization of designs of devices and systems.

 The Department of Mechanical Engineering offers the B.E., 

M.Eng., M.S., and Ph.D. in mechanical engineering. The curriculum 

in mechanical engineering leading to a bachelor of engineering 

provides a broad-based engineering education with opportunities 

for the student to elect courses in areas of study related to any 

industry and, with careful planning of the elective courses, to 

achieve some specialization. Through rigorous theory-based 

course work and hands-on real-world lab work, the Department of 

Mechanical Engineering at Vanderbilt prepares students to make 

an impact on society with careful research, thoughtful designs, and 

efficient implementation of engineering solutions. 

programs of studycontents
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t 
he Laboratory for the Design and Control 
of Energetic Systems (DCES) collabora-
tively shares approximately 1,500 square 
feet of laboratory space in addition to 500 
square feet of dedicated laboratory space. 

Facilities within DCES include a 
dedicated computer, tool box, and tools 
for each graduate student. Each computer 
has MATLAB/Simulink (including Real-time 
Workshop and/or xPC target, each with I/O 
boards with multiple analog and digital 
channels), and ProEngineer, among other 
more standard productivity software. The 
lab space also includes a fume hood, five 
mechanical breadboard tables, equipment 
racks, DC power supplies, digital storage 
oscilloscopes, function generators, multiple 
Kepco amplifiers, multiple high-efficiency 
PWM amplifiers, high temperature combus-
tion pressure sensors, mass-flow sensors, 
high output force linear motors, and a 
high-speed stop-motion video camera, 
among more common laboratory sensors 
and equipment. The collaborative space 
includes a small machine shop containing 
equipment for mechanical prototyping 
of devices and experiments, including a 
Stratasys Rapid Prototyping Machine, a 
Kern 150W Laser Cutting System capable 
of cutting metal, a vertical milling machine, 
lathe, drill press, band saw, and other associ-
ated small shop equipment. The lab also 
has access to a machine shop within the 
university staffed with two full-time profes-
sional machinists.  

Eric J. Barth
Associate Professor of Mechanical Engineering 

Our lab seeks to apply a system dynam-
ics and control perspective to problems 
involving the control and transduction of 
energy. This scope includes multi-physics 
modeling, control methodologies formu-
lation, and model-based or model-guided 
design. The space of applications where 
this framework has been applied includes 
nonlinear controllers and nonlinear 
observers for pneumatically actuated sys-
tems, a combined thermodynamic/system 
dynamics approach to the design of free 
piston internal combustion and external 
heat source engines, modeling and model-
based design and control of monopropel-

lant systems, hydraulic energy storage, 
small-scale boundary layer turbines, and 
energy-based approaches for single and 
multiple vehicle control and guidance. 
Current projects include: a free-liquid-
piston engine compressor for untethered 
robotic power, a bridge vibration energy 
harvester, an MRI-compatible pneumati-
cally actuated surgical robot, an advanced 
strain energy hydraulic accumulator 
for regenerative braking in passenger 
vehicles, and a control-based free-piston 
Stirling engine for green energy.
www.vanderbilt.edu/dces

Jon F. edd
Assistant Professor of Mechanical Engineering

We are interested in the theoretical 
domains of multi-phase flow, heat trans-
fer, and phase-change thermodynamics, 
especially as they relate with cell biology. 
This has led us to two related research 
fields: 1) Biological Micro-ElectroMechan-
ical Systems (BioMEMS)—the application 
of micro-scale engineering techniques to 
the quantitative study and manipulation 
of biological matter, and 2) Microfluid-
ics—the behavior, precise control, and 
manipulation of fluids that are geometri-
cally confined to sub-millimeter scales. As 

a thermal-fluid sciences research group, 
we further focus our research efforts on 
energy and its transformations on the 
scale of single cells, and we examine how 
these energetic processes may be applied 
to solve real problems in biomedicine 
and biotechnology. For example, we used 
inertial fluid forces to evenly separate 
suspended cells in microchannels so that 
they could be encapsulated one at a time 
for downstream analysis or cold storage.
http://research.vuse.vanderbilt.edu/erg

o 
ur overall mission is 
to study practically 
important intersections 
of the thermal sciences 
with biomedicine and 
biotechnology using 

experimental and numerical methods. In 
particular, our lab focuses on energetic 
BioMEMS: manipulating the thermal-fluid 
environment of single cells with energy 
transformations of milli-ergs to 100s of ergs 
per cell. Due to the inherent difficulties of 
handling individual cells, this is a regime 
where engineers will play a large role. In 
the past, we used inertial microfluidics to 
generate single-cell picoliter droplets at 10 
kHz, studied nucleation in microscale water 
droplets approaching -40°C using high 
speed video microscopy, and separated 
the fluid environment of axons from neural 
cell bodies using microfluidic techniques. 
Ongoing projects include: improved cryo-
preservation of cells, fundamental studies 
of inertial ordering physics using innova-
tive experimental methods (at Vanderbilt 
and in collaboration with the Center for 
Engineering in Medicine in Boston), and 
enhanced microfluidic culture platforms 
for neuroscience. Besides facilities for cell 
culture and microfluidic fabrication through 
soft lithography and multi-physics finite 
element analysis, our lab has the ability for 
microscopic observation of microfluidic 
systems under large temperature gradients 
with ultrahigh speed video recording.

inertial and drop-based microfluidics
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t 
he Center for Intelligent Mechatronics 
focuses on the design and control of 
electromechanical devices, with particular 
emphasis on the development of intel-
ligent devices to improve quality of life 

for people with disabilities. Current 
research projects include the development 
of robotic leg prostheses to enhance stabil-
ity and mobility in lower limb amputees; 
the development of upper extremity 
prostheses to enable greater dexterity 
in upper limb amputees, along with the 
development of myoelectric controllers 
that facilitate the control of this dexterity; 
the development of lower limb robotic 
exoskeletons to enable legged locomotion 
for persons with paraplegia; the coopera-
tive use of a robotic lower limb exoskeleton 
with functional electrical stimulation of 
muscle to enable legged locomotion 
for persons with paraplegia; and the use 
of a robotic lower limb exoskeleton for 
retraining of gait for individuals that have 
suffered from a cerebral vascular accident 
(i.e., stroke). Center resources include a full 
complement of mechanical and electronic 
prototyping tools, in addition to a motion 
capture facility for data acquisition during 
human subject experiments.

Michael goldfarB
H. Fort Flowers Professor of Mechanical Engineering

My work focuses on the design and 
control of intelligent devices to improve 
quality of life for people with disabilities. 
Some of my group’s current research 
projects include: the design and control 
of a robotic leg for above-knee amputees, 
the design and control of myoelectric 
high fidelity upper extremity prostheses, 
and the design and control of lower limb 
exoskeletons for persons with paraplegia 
and for persons recovering from stroke. 
The technical focus of our work is in the 
design of high-performance electrome-

chanical devices, the design of micro-
controller-based embedded electronic 
systems to control these devices, and the 
development of human-centered control 
systems that enable safe, effective, and 
natural human-machine interaction. 
We strive to involve human subjects in 
our work as much as possible, so that we 
have clear feedback regarding the extent 
to which the devices and controllers we 
construct provide an effective solution to 
the problems we are trying to address.
http://research.vuse.vanderbilt.edu/cim

Deyu li
Associate Professor of Mechanical Engineering

The objectives of my research program 
are to achieve fundamental understand-
ing of nanoconfinement effects on energy/
mass transport and to create novel micro/
nanoscale engineering devices for energy 
conversion and biomedical applications. 
I’ve always been intrigued by how energy 
carriers/molecules interact with the 
surfaces of nanostructures and interfaces 
between nanostructures and how these 
interactions lead to novel transport phe-
nomena. Constructing novel engineering 
devices based on new understandings we 
obtained, which can have unique func-
tions or significantly improved perfor-

mance, is exciting to me. Current projects 
on fundamental nanoscale transport 
phenomena include experimental inves-
tigation of thermal transport through 
individual carbon nanotubes and their 
contacts, electrical and thermal transport 
through individual boron and boride 
nanostructures and their interfaces, and 
ionic transport through highly confined 
nanopores. On the device side, we are 
developing tools for neuronal and cancer 
biology studies, and for cell cycle control 
and cell separation applications.
http://research.vuse.vanderbilt.edu/mntfl
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t 
he fun of working at micro/nanoscale 
comes with skills of operating state-of-the-
art instruments with a desire to under-
stand new discoveries at a deeper level. 
In the Micro/Nanoscale Thermal-Fluids 

Lab (MNTFL), we use advanced 
nanofabrication technologies to create 
various microdevices to interface with indi-
vidual nanostructures and measure energy 
and charge transport through individual 
nanostructures and across their interfaces, 
as well as ionic and molecular transport 
through nanoporous structures.  The 
obtained knowledge can be used to con-
struct nanostructured, high performance 
thermoelectric energy converters, and 
novel biomedical devices with controlled 
microenvironments to observe cellular 
behaviors in different microenvironments 
for dissection of the underlying molecular 
mechanisms. The MNTFL lab occupies over 
100 square feet with many state-of-the-art 
instruments for transport property mea-
surements.  Our group members routinely 
use shared nanofabrication facilities at 
Vanderbilt and national labs. Our research 
projects are often highly interdisciplinary, 
and we collaborate with materials scientists 
who synthesize new functional nanostruc-
tures, biologists interested in applying new 
technologies for cell biology studies, and 
theorists who can help us understand our 
experimental observations.

micro/nanoscale thermal fluidsintelligent mechatronics
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o 
ur lab is equipped with 
high-performance 
workstations and a Linux 
cluster with Magny-
Cours processors. In 
addition, we frequently 

use the supercomputers at the Vanderbilt 
Advanced Computing Center for Research 
and Education as well as the national 
computing centers within the TeraGrid. For 
experiments, we have access to the wind 
and water tunnels of the Department of 
Mechanical Engineering. Through collabo-
ration with researchers at Vanderbilt, we 
use modern medical imaging techniques 
to reconstruct high-fidelity geometries of 
human or animal internal organs for CFD 
analysis. We also use high-speed cameras to 
capture dynamics of the human vocal folds 
in vivo and to study intricate wing motions 
of real insects such as butterflies, dragon-
flies, and bees. Recently we have extended 
our numerical simulation to applications 
of energy harvesting. The diverse topics 
and approaches greatly enrich the research 
activities in our lab.

Haoxiang lUo
Assistant Professor of Mechanical Engineering

High-performance simulation of fluid 
flows provides in-depth understanding of 
fluid dynamics problems, and as a low-cost 
and efficient tool, it has become increas-
ingly important in engineering design and 
innovations. Equipped with a state-of-
the-art numerical approach that has been 
developed in our lab, we are currently 
modeling and simulating the fascinating 
aerodynamics or hydrodynamics of insect 
flight and fish swimming. In particular, 
we are investigating how the structural 
flexibility of the insect wings and fish fins 
helps enhance the performance of propul-

sion for the animals. The ultimate goal of 
these projects is to develop biomimetic, 
highly maneuverable, autonomous aerial 
or underwater vehicles. In addition, we 
are also developing high-fidelity compu-
tational models of human phonation to 
understand fundamental physics of voice 
production, as well as to invent future 
simulation-based surgery tools for clinical 
applications. Our work is mainly sup-
ported by the National Science Foundation 
and National Institutes of Health.
http://challenge.vuse.vanderbilt.edu

Robert W. Pitz
Department Chair of Mechanical Engineering 

Professor of Mechanical Engineering

I teach both undergraduate and graduate 
classes in combustion, thermodynamics, 
statistical thermodynamics, and gas 
dynamics. I also direct the Laser Diagnos-
tics of Combustion Laboratory where grad-
uate students develop new nonintrusive 

laser diagnostic methods and apply these 
techniques to measure velocity, chemical 
composition, and temperature in laminar 
and turbulent combustion flows.
http://engineering.vanderbilt.edu/ 
combustion

t 
o avoid climate change, hydrogen is the 
future fuel for residential burners, jet 
engines, and car engines. Preferential diffu-
sion of the H2 with respect to other heavy 
gases leads to higher flame temperatures, 

extended flame extinction limits, 
and the propensity to form flame cells. 
H2 cellular flames survive beyond normal 
extinction limits affecting the operating 
range of practical combustors. The Laser 
Diagnostics of Combustion Laboratory is 
studying propensity of H2 flames to form 
cells in the Vanderbilt tubular burner with 
advanced laser diagnostics (LIF, Raman scat-
tering) and accurate numerical simulations. 
 We are also developing new molecular 
tagging velocimetry (MTV) methods where 
we write a molecular grid into a flow and 
measure its displacement to determine the 
velocity by time-of-flight. These include: 
hydroxyl tagging velocimetry (HTV) based 
on photodissociation H2O in air to form a 
grid of hydroxyl molecules and N2O molec-
ular tagging velocimetry based on photo-
chemically creating a grid of NO by seeding 
air with nitrous oxide. The MTV methods 
measure velocity in scramjet flows, rocket 
plumes, and jet engine exhausts. 
 Finally we are applying UV Raman scat-
tering to measure mixing and chemistry 
in supersonic combustion for hypersonic 
propulsion. The Raman data is used to vali-
date and improve hypersonic propulsion 
computational models.
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t 
he Robotics and Autonomous Systems 
Laboratory (RASL) is devoted to the design 
and development of new generation 
robotic and intelligent systems for medical, 
educational, and military applications that 

can interact and help people in a 
natural way. The RASL is an interdisciplinary 
laboratory involving faculty and students 
from electrical engineering and computer 
science, biomedical engineering, the medi-
cal school, and psychology and human 
development. The RASL has an active col-
laboration with Vanderbilt Kennedy Center 
which is an internationally well-known 
center devoted to research, service, and 
training related to developmental disabili-
ties. Traditionally the research conducted at 
RASL has focused on robotic manipulation, 
modeling and control of mobile robots, 
fault detection of nonlinear systems, robot-
assisted stroke rehabilitation, and emotion-
sensitive intelligent systems. The two major 
current application areas are adaptive 
intelligent systems for autism intervention 
and robot-assisted rehabilitation of upper 
extremities for stroke patients. We perform 
mechanical design, create new algorithms 
and controllers, develop experimental test-
bed, and perform human subject studies to 
test the utility and efficacy of our systems. 
The students at RASL are educated in an 
interdisciplinary environment and trained in 
both theoretical and experimental research 
to become well-rounded researchers in 
the important research field of intelligent 
systems.

Nilanjan Sarkar
Professor of Mechanical Engineering

I am interested in the analysis, design, 
and development of intelligent and 
autonomous systems that can work with 
people in a versatile and natural way. 
The applications of this research range 
from helping individuals with autism 
and other developmental disabilities in 
learning skills, aiding stroke patients to 
regain some of their movement abilities 
through robot-assisted rehabilitation, 
and providing more autonomy in robots 
that are used in military activities. We 
are developing new generation of robots 
and computer-based intelligent systems 
that can sense human emotion from 

various implicit signals and cues such as 
one’s physiology, gestures, facial expres-
sions, and so on to be able to interact with 
people in a smooth and natural way. My 
current research involves both theoretical 
analysis and experimental investigation 
of electromechanical systems, sensor 
fusion and machine learning, modeling 
of human-robot and human-computer 
interaction, kinematics, dynamics and 
control theory leading to the development 
of these smart systems.
http://research.vuse.vanderbilt.edu/rasl/
index.html

Nabil Simaan
Associate Professor of Mechanical Engineering

I am interested in medical applications of 
surgical robotics and intervention. Typi-
cal research projects I undertake explore 
the limits of existing technologies for 
enabling new procedures and support-
ing intelligent and safe interaction with 
anatomy. My current applied research 
interests include: synthesis of novel 
robotic systems for surgical assistance 
in confined spaces with applications 
to minimally invasive surgery of the 
throat, natural orifice surgery, cochlear 
implant surgery, and dexterous bimanual 
microsurgery. Theoretical aspects of my 
research include theoretical kinematics of 

mechanisms, synthesis and optimization 
of robots and mechanisms, design of flex-
ure mechanisms and flexible robots, par-
allel robots, applications of line geometry 
tools and screw theory for analysis and 
synthesis of robotic devices, applications 
of actuation redundancy and kinematic 
redundancy for stiffness control (modula-
tion), applications of algebraic geometry 
methods for polynomial system solving 
related to mechanism designs, optimal 
path planning, and insertion of flexible 
underactuated robots.
http://arma.vuse.vanderbilt.edu

t 
he Advanced Robotics and Mechanism 
Applications (ARMA) lab is focused on 
the design of new robotic architectures 
with emphasis on surgical assistance. 
We investigate algorithms of control and 

design of sensory mechanisms 
for enabling new procedures and for safe 
interaction with the anatomy. Existing and 
past research projects include synthesis of 
robotic systems for confined spaces with 
applications to minimally invasive surgery 
of the throat, natural orifice surgery, single 
port access surgery, design of steerable 
electrode arrays for cochlear implant 
surgery, dexterous bimanual microsurgery 
of the retina, and trans-urethral surgical 
intervention. Theoretical aspects of the 
research include theoretical kinemat-
ics, synthesis and optimization of robots, 
design of flexure mechanisms and flexible 
robots, parallel robots, line geometry tools 
and screw theory for analysis and synthesis 
of robotic devices, actuation redundancy 
and kinematic redundancy for stiffness 
control (modulation), algebraic geometry 
methods for mechanism design, optimal 
path planning for underactuated robots.
 ARMA’s research is funded by NIH, NSF, 
and industry. Graduate and undergradu-
ate students are provided unique educa-
tion with a rare balance between design, 
control, system integration, and theoretical 
modeling of novel robotic systems. The 
lab facility has a full array of mechanical 
and electronic fabrication capabilities as 
described on the ARMA website.

8 9
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t 
he Vanderbilt University Welding Automa-
tion Laboratory (VUWAL) has spent more 
than three decades developing control 
systems for advanced robotic welding 
and joining processes. Most recently the 

efforts of the lab have largely been 
focused on process optimization and con-
trol for friction stir welding (FSW). FSW is a 
solid-state welding technique patented by 
TWI in 1991. Its use is becoming more and 
more prevalent in aerospace, rail, automo-
tive, and naval applications. By focusing 
on process optimization of FSW we are 
able to develop robust control systems 
that are capable of detecting undesir-
able flaws within the weld, monitor tool 
wear, and react to dynamic changes in the 
process, among other things. Other notable 
research includes characterizing tool wear, 
dissimilar metal welding, computational 
fluid dynamic modeling of FSW, and the 
development of technology for actively 
monitoring the FSW process for control and 
quality applications. The VUWAL research 
facility is located on the engineering cam-
pus in Featheringill Hall. The lab is directed 
by Alvin M. Strauss and George E. Cook.

Alvin M. StraUSS
Professor of Mechanical Engineering

My research investigates the fundamental 
phenomena involved in friction stir weld-
ing including plastic, thermoplastic, and 
electroplastic effects. Friction stir welding 
also is developed as technology applica-
tions to a wider range of manufacturing 
processes. A method of generating electric 
power from the wind based on Flettner 
rotors has been developed and demon-
strated to be superior to conventional 

wind turbines. Work is being done on 
innovative nuclear propulsion systems for 
space exploration and unmanned aircraft. 
Finally, work is proceeding on the applica-
tions of variational techniques, dimen-
sional analysis, and the fractional calculus 
to problems in mechanics.
http://research.vuse.vanderbilt.edu/
vuwal/index.shtml

Pietro ValdaStri
Assistant Professor of Mechanical Engineering

The continuous quest for miniaturiza-
tion has made the science fiction vision 
of miniature capsule robots working 
inside the human body come true. We are 
designing and creating mechatronic and 
self-contained devices to be used inside 
specific districts of the human body to 
detect and cure diseases in a non-invasive 
way. Capsule robots represent a challeng-
ing paradigm for both research and learn-
ing. They embed sensors, actuators, digital 
intelligence, miniaturized mechanisms, 
communication systems, and power sup-
ply, all in a very small volume. Capsule 

robots may be autonomous or teleoper-
ated, they can work alone or as a team, 
and they can be customized to fulfill 
specific functions. At the moment, we are 
applying capsule robot technologies to 
early detection and treatment of colorectal 
cancer. We are also developing a new gen-
eration of surgical robots that can enter 
the patient’s abdomen by a single tiny 
incision. However, we are always ready 
to face new challenges by modifying our 
capsule robots to emerging medical needs.
http://research.vuse.vanderbilt.edu/
storm

t 
he mission of the recently founded Science 
and Technology of Robotics in Medicine 
(STORM) Lab is to develop complete plat-
forms based on capsule robots for wireless 
or softly tethered operation toward 

painless endoscopy and scarless 
surgery. We have facilities that enable us to 
design, model, simulate, fabricate, program, 
develop, test, and operate novel self-
contained miniaturized robots. Particular 
emphasis is devoted to magnetically actu-
ated smart mechanisms and transcutane-
ous active magnetic control.

1110
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i 
n the Nanoscale Optics and Materials 
Lab we are researching the opti-
cal properties of nanostructured 
metamaterials for a range of applica-
tions including on-chip photonics, 
imaging, and solar energy conver-
sion. We are focused on developing 

new types of metamaterials with reduced 
optical loss in the infrared and visible 
frequency range as well as incorporating 
active constituents into metamaterials such 
as semiconductors to enable switching or 
direct energy conversion. While meta-
materials have previously been limited to 
two-dimensional sheets, we are developing 
scalable three-dimensional manufacturing 
methods, which are critical for realizing bulk 
metamaterials capable of manipulating 
light in all directions. Research in the labora-
tory involves both theoretical modeling 
of metamaterials as well as experimental 
demonstration and characterization. We are 
heavy users of the state-of-the-art Vander-
bilt Institute of Nanoscale Science and 
Engineering, and the centerpiece of the 
laboratory is an ultra-fast femtosecond laser 
system and micro-spectroscopy system 
that allows probing of the linear, non-linear, 
and time-dependent properties of materi-
als across the entire optical spectrum.

Jason Valentine
Assistant Professor of Mechanical Engineering

Optical metamaterials are a new class of 
material that possesses optical properties 
not existing in nature. Metamaterials are 
formed from artificial nanostructures, 
equivalent to artificial atoms, wherein the 
shape of the atom is used to engineer the 
material’s properties. My research inter-
ests lie in understanding and harness-
ing the engineering freedom associated 
with metamaterials to realize novel and 
transformative optical functionalities. For 
example, we have recently demonstrated 
a metamaterial that has a negative index 
of refraction, resulting in backwards 

propagating light, a property that could 
lead to super-resolution imaging systems. 
We have also journeyed into the realm of 
science fiction in demonstrating the first 
optical cloaking device. This device uti-
lizes spatially varying metamaterials that 
bend light around the object, rendering it 
invisible. Our recent research has focused 
on utilizing metamaterials for novel 
on-chip optical devices including those 
with hybrid functionalities and energy 
concentrators.
http://research.vuse.vanderbilt.edu/
NanOptics

D. Greg Walker
Associate Professor of Mechanical Engineering 

Director of Interdisciplinary Graduate Program in Materials Science

The cost of energy has become a critical 
component to the technological progress 
of society. In fact, there is hardly a sector 
of our lives that is not touched by the 
availability and utilization of energy. The 
science at the heart of the energy question 
involves transport processes and charac-
terization. Mechanical engineering, being 
born from thermodynamic concepts and 
energy conversion technologies, is a field 
that stands to make significant contribu-
tions to creating new energy sources, 

improving the efficiency of existing 
conversion processes, and extending the 
utility of existing and emerging resources. 
Our research focuses on how nanoscale 
structures can be leveraged to improve 
direct energy conversion devices. We 
use quantum and classical simulations 
to model small-scale effects that allow 
us to explore exciting new materials and 
devices for tomorrow’s energy landscape.
http://telab.vuse.vanderbilt.edu

w 
ith the advent 
of technology 
to characterize 
and fabricate 
atomic-scale 
structures, 

engineers have been given the tools to 
understand and manipulate materials 
and, more importantly, to design unique 
properties of engineering structures and 
devices. In the Thermal Engineering Lab, 
our mission is to explore the physical 
effects of energy transport particularly in 
nanoscale structures to obtain a better 
understanding of the physical world 
that can lead to engineering discoveries 
in energy applications. We use detailed 
quantum and molecular simulations to 
describe the behavior and performance 
of molecular-scale structures. Much of 
the computational work is performed 
on the Academic Computing Center for 
Research and Education, a researcher-
driven 4000-processor cluster. This work 
is supported by the National Science 
Foundation, Air Force Office of Scientific 
Research, and Department of Energy 
among others. In addition, we have 
close collaborations with Oak Ridge 
National Lab, Sandia National Labs, and 
Lockheed Martin. We also have in-house 
laser characterization and spectroscopic 
capabilities.
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t 
he Medical and Electromechanical Design 
(MED) lab is a place where doctors and 
engineers work side by side to create new 
lifesaving medical technologies. We design 
and construct devices to make medicine 

more accurate, less invasive, and 
more effective. With a world-class medical 
center a five-minute walk from the lab, 
we are often in operating rooms observ-
ing surgical procedures and conducting 
clinical studies with the devices we build. 
We also patent our work, which enables us 
to transfer it to commercial products, ampli-
fying its real-world impact. Our partners 
include small companies such as Pathfinder 
Therapeutics and Acoustic MedSystems, 
as well as larger companies including 
Intuitive Surgical and MathWorks. Current 
major projects include a surgical robot with 
tentacle-like, needle-diameter arms that 
removes tumors from the center of the 
head through the nose (partnership with 
Neurosurgery), a parallel robot that reduces 
invasiveness in cochlear implant surgery 
which restores hearing to the deaf (partner-
ship with Otolaryngology), and a minimally 
invasive laser scanning system that enables 
accurate image-guided liver and kidney 
surgery, including thermal ablation where 
the tumor is literally cooked from the inside 
out (partnership with Urology and Biomedi-
cal Engineering). 

Robert J. WeBSter iii
Assistant Professor of Mechanical Engineering 

 Assistant Professor of Otolaryngology

Little did I know that an operation carried 
out by a team of French surgeons would 
change my life. I wasn’t the patient—the 
patient was in France and the surgeons 
were in New York. This first transatlantic 
telesurgery (a simple gall bladder removal) 
came at an opportune moment in my life. 
As a graduating senior I knew I enjoyed 
robotics, but was not sure if I enjoyed it 
enough to make a career of it. But the 
revolutionary idea that robots could 
help surgeons save lives made it all click 

for me. I went on to graduate school at 
Johns Hopkins and learned everything I 
could about robotics, surgery, and medi-
cal devices. Now as the director of the 
Medical and Electromechanical Design 
Lab, I have the privilege of working with 
like-minded students, surgeons, and 
engineering collaborators to build the 
next generation of medical devices and 
surgical robots.
http://research.vuse.vanderbilt.edu/
MEDLab
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Vanderbilt mechanical engineering under-
graduates have a strong passion for and desire 
to pursue graduate studies and careers in 
aerospace engineering. My own background 
and training is in this field. I have devel-
oped experimental facilities and conducted 
research studies on drop and bubble dynam-
ics in the United States Microgravity Space 
Shuttle Missions and in the International 
Space Station. Over the past several years, I 
have been working on introducing aerospace 
engineering to the mechanical engineering 
curriculum through courses such as airplane 

aerodynamics and aerospace propulsion. 
With external funding, we have been able to 
revamp the undergraduate energy engineer-
ing laboratory and provide more focus in 
aerospace engineering. For students inter-
ested in taking on novel design challenges in 
the aerospace arena we have set up the Aero-
space Club (www.vanderbilt/USLI), whose 
members have won national recognition by 
competing successfully in the NASA-spon-
sored University Student Launch Initiative 
and winning several design awards.
The award-winning design projects include 

Rocket-Based Studies of Thermoelectric Heat 
Recovery in Aerospace Engines: Design of a 
Thermoelectric Engine; Simulating Cruising 
Airplane Flight Conditions in Low Altitude 
Rocket Flight through Cryogen Injection: 
Performance Study of a Thermoelectric Gen-
erator; Rocket-based Deployment of a Recon-
naissance Unmanned Aerial Vehicle. 
www.vanderbilt.edu/USLI
http://engineering.vanderbilt.edu/ 
MechanicalEngineering/FacultyStaff/ 
FacultyListing/AVAnilkumar.aspx

professors of the practice
Amrutur V. anilkUmar

Professor of the Practice of Mechanical Engineering

medical and electromechanical design



Undergraduate
Admission to the undergraduate school is managed by the Office of 
Undergraduate Admissions. Prospective students are encouraged to 
investigate the university by visiting the campus. Admissions staff 
are available to answer questions, arrange campus tours, provide 
additional information about degree programs, and link visitors with 
appropriate campus offices and members of the university community.  

Contact 

Office of Undergraduate Admissions
Vanderbilt University
2305 West End Avenue
Nashville, TN 37203-1727
Phone: (615) 322-2561 or (800) 288-0432
Website: admissions.vanderbilt.edu

DatEs to REMEMbER

Graduate
To apply for admission to the graduate program in mechanical engi-
neering, you must first meet the general requirements of admission 
by the Vanderbilt University Graduate School. Application for admis-
sion may be made electronically through the Graduate School website 
at www.vanderbilt.edu/gradschool.
 The Graduate School Catalog may be viewed at www.vanderbilt.
edu/catalogs.

Contact

Engineering Graduate Programs
ATTN: Mechanical Engineering
Vanderbilt University
411 Kirkland Hall
Nashville, TN 37240 U.S.A.
Phone: (615) 343-2727
Website: www.vanderbilt.edu/gradschool

DatEs to REMEMbER

admissions

august 
Application packets available from 

Undergraduate Admissions

November 1 
Application deadline for Early 

Decision I

December 15 
Early Decision I notification

January 1 
Earliest deadline to submit the 

Free Application for Federal 

Student Aid (FAFSA) to processors

January 3 
Application deadline for Early 

Decision II and Regular Decision

February 5 
CSS PROFILE and FAFSA due to 

addresses as indicated

april 1 
Regular Decision notification

May 1 
Postmark deadline for 

matriculation deposit

october 22 
Last date for applicants to take the 

paper-based general GRE

November 19 
Last date for international 

applicants to take the Test of 

English as a Foreign Language 

(TOEFL) 

December 1 
Last date for applicants to take  

the computer-based (CBT),  

general GRE

January 15 
Deadline for receipt of completed 

application form and all 

supporting credentials for a 

decision about fall semester 

admission. Some programs 

have an earlier deadline. Please 

confirm specific deadlines with 

the program to which you are 

applying

March 31 
Target date by which admission 

offers for fall semester will be 

mailed

april 15 
Deadline for applicants to  

respond to offers of admission
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professors of the practice
Robert Joel Barnett  

Associate Professor of the Practice of Mechanical Engineering

As an instructor involved in teaching design courses and the design 
process, I’ve found that a key element of the instructional method is 
to involve students directly in the steps of the design process through 
project-based instruction. From the first year through graduation, there 
are design projects that must be taken from the idea stage through 
calculation, fabrication, testing, and eventually implementation. 
 In the senior-design-project experience there is a blending of 
academic design theory with professional practice by operation of 
the senior design class as a simulated engineering research, design, 
and consulting firm. Student-engineers act as practicing professional 
engineers by completing real-world design projects submitted by indus-
tries, government agencies, and university research laboratories. With 

such customers as Nissan, Lexmark, Roche, NASA, 
U.S. Army Missile Command, Oak Ridge National 
Laboratory, Vanderbilt Medical and Electromechani-
cal Devices (MED) Laboratory, and many others, the 
design experience serves both as an instructional tool 
and as a good step toward post-graduation employ-
ment or graduate school.
 The successful solution of design problems can 
be challenging, but I believe that achieving those solutions often 
produces some of the most rewarding experiences in an engineer’s 
professional life.

Thomas J. WithroW  
Assistant Professor of the Practice of Mechanical Engineering

The most important thing that we teach our engineering students is how 
to identify, formulate, and implement a solution to a problem. I call on stu-
dents to synthesize their knowledge in interesting, relevant, and realistic 
approaches. My teaching has been in the engineering design courses and 
the complex interplay between competing realistic design objectives.
 The keys to my personal teaching philosophy are: engage in learning, 
set challenging goals, and learn how to make mistakes. Students must be 
active in all phases of the learning process—this is essential in learn-

ing engineering design. I constantly challenge each 
student to learn all they are capable of learning and do 
far more than they think possible. Experimentation in 
engineering design is essential to education. Students 
need to be encouraged to learn from their mistakes, 
and consider what these lessons could reveal.

My goal in teaching is to communicate my personal enthusiasm for 
mechanical engineering to a new generation of students. This enthusiasm 
not only permits me to come to class each day excited about teaching, but 
it also motivates me to try new and unconventional approaches to teach-
ing and learning. High student engagement, active learning, departure 
from traditional lecture methods, peer learning, and self-guided learning 
are all among the approaches that I embrace. While I understand that 

not every student will remember the equation for con-
servation of momentum from their Dynamics class, 
I do hope that every student will retain a personal 
enthusiasm for learning in general, and mechanical 
engineering in particular.

Kenneth framPton  
Associate Professor of the Practice of Mechanical Engineering 
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faculty
amrutur V. anilkumar 
Professor of the Practice of 
Mechanical Engineering
Experimental fluid dynamics: 
propulsion, drop and bubble 
dynamics, bio-encapsulation; 
energy conversion: wind, thermoelectrics, 
biodiesel; materials processing: float-zones, 
directional solidification

Robert Joel barnett 
Associate Professor of the 
Practice of Mechanical 
Engineering
Welding and fabrication 
technology, automated 
welding, computer simulation of welding 
processes

Eric J. barth 
Associate Professor of 
Mechanical Engineering
Dynamic systems and control; 
design, modeling, and control 
of mechatronic and fluid 
power systems; precision pneumatic control, 
free piston engines, energy storage, energy 
harvesting.

Jon F. Edd 
Assistant Professor of 
Mechanical Engineering
Inertial and drop-based 
microfluidics (BioMEMS), 
fluid mechanics, heat 
transfer, non-equilibrium thermodynamics, 
cryopreservation and cryosurgery, electrical 
impedance tomography, and irreversible 
electroporation

Kenneth Frampton 
Associate Professor of the 
Practice of Mechanical 
Engineering
Acoustics, vibrations, controls, 
and signal processing

Michael Goldfarb 
H. Fort Flowers Professor of 
Mechanical Engineering
Design, modeling, and control 
of electromechanical devices 
and systems; design of high-
energy-density robotic actuators; control of 
fluid-powered actuators and devices.

Deyu Li 
Associate Professor of 
Mechanical Engineering
Micro/nano scale energy 
and molecular transport 
phenomena, nanofabrication 
techniques, molecular dynamics and Monte 
Carlo simulation, micro/nanofluidics

Haoxiang Luo 
Assistant Professor of 
Mechanical Engineering
Computational fluid 
dynamics; fluid-structure 
interaction; biological 
locomotion; biomedical flows; microfluidics

Robert W. Pitz
Department Chair of 
Mechanical Engineering, 
Professor of Mechanical 
Engineering
Laser diagnostics, laminar 
flames, turbulent combustion, molecular 
tagging velocimetry, hypersonic propulsion, 
pollutant formation, Raman scattering, laser-
induced fluorescence

Vanderbilt is committed to enrolling talented, motivated students 
from diverse backgrounds. More than 60 percent of Vanderbilt 
students receive some type of aid. The university offers a full range 
of merit-based scholarships, need-based financial assistance, and 
financing/payment options to families of all income levels. More 
information can be found at www.vanderbilt.edu/financialaid. 

Expanded aid Program
Beginning in the fall of 2009, need-based financial aid packages for 
all undergraduate students no longer include need-based loans. This 
latest initiative does not involve the use of income bands or “cut-offs” 
to pre-determine levels of eligibility and applies to all undergraduate 
students with demonstrated financial need who are U.S. citizens or 
eligible non-citizens. The end result is that, in addition to a realistic 
academic year earnings expectation, all need-based aid packages 
now include scholarships and/or grants (gift assistance) in place of 
need-based loans that would have previously been offered to meet 
demonstrated need.

financial aid

Graduate students in the Department of Mechanical Engineer-
ing seeking the Ph.D. degree receive a competitive stipend, tuition 
waiver, health insurance, and reimbursement for some incidental 
fees. This financial aid can be in the form of a Teaching or a Research 
Assistantship.  

•	 Graduate teaching assistantships 
Financial aid for the academic year to students who assist in  
supervised teaching of undergraduates.

•	 Graduate Research assistantships 
Financial aid for the calendar year to students carrying out thesis 
or dissertation research with support from a research grant.

Teaching or Research Assistantships may be supplemented by a 
fellowship through a competitive process supported by exceptional 
applicant qualifications. In order to be considered for these service-
free awards, an applicant’s file must be complete by January 15. 
The honor fellowships listed below are in addition to a Teaching or 
Research Assistantship.

•	 Harold stirling Vanderbilt (HsV) Graduate scholarships 
$6,000/year for up to five years

•	 University Graduate Fellowships (UGF) 
$10,000/year for up to five years

•	 Provost’s Graduate Fellowships (PGF) 
$10,000/year for up to five years

•	 school of Engineering Fellowships (IbM) 
$4,000/year for up to four years plus an award of $1,000 for profes-
sional development

Prospective applicants are urged to apply for fellowships or grants 
from national, international, industrial, or foundation sources. More 
information can be found at www.vanderbilt.edu/gradschool.

Undergraduate

Graduate
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Vanderbilt
Cornelius Vanderbilt had a vision of a place that would “contribute 
to strengthening the ties that should exist between all sections of 
our common country” when he gave a million dollars to create a 
university in 1873. Today, that vision has been realized in Vanderbilt, an 
internationally recognized research university in Nashville, Tenn., with 
strong partnerships among its 10 schools, neighboring institutions, and 
the community.

Vanderbilt offers undergraduate programs in the liberal arts and 
sciences, engineering, music, education and human development, 
as well as a full range of graduate and professional degrees. The 
combination of cutting-edge research, liberal arts education, nationally 
recognized schools of law, business, engineering, and divinity, the 
nation’s top-ranked graduate school of education, and a distinguished 
medical center creates an invigorating atmosphere where students 
tailor their education to meet their goals and researchers collaborate to 
address the complex questions affecting our health, culture, and society.

An independent, privately supported university, Vanderbilt is the 
largest private employer in Middle Tennessee and the second largest 
private employer based in the state.

Nashville
Vanderbilt’s hometown of Nashville is a vibrant, engaging city known 
proudly as “Music City, U.S.A.” The university’s students, faculty, staff, 
and visitors frequently cite Nashville as one of the perks of Vanderbilt, 
with its 330-acre campus located a little more than a mile from 
downtown.

From serving as home to the nation’s largest Kurdish population to 
being named America’s friendliest city for three years in a row, Nashville 
is a metropolitan place that exudes all of the charm and hospitality one 
expects from a Southern capital.

The city was settled in 1779 and permanently became state 
capital in 1843. The city proper is 533 square miles with a population 
of nearly 570,000. Major industries include tourism, printing and 
publishing, technology manufacturing, music production, higher 
education, finance, insurance, automobile production, and health care 
management. Nashville has been named one of the 15 best U.S. cities 
for work and family by Fortune magazine, was ranked as the No. 1 most 
popular U.S. city for corporate relocations by Expansion Management 
magazine, and was named by Forbes magazine as one of the 25 cities 
most likely to have the country’s highest job growth over the coming 
five years.

department setting
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faculty
Nilanjan sarkar
Professor of Mechanical 
Engineering
Control of electromechanical 
systems, rehabilitation 
robotics, human-robot 
interaction, affective computing, virtual 
reality, and intelligent systems for autism 
intervention

Nabil simaan 
Associate Professor of 
Mechanical Engineering
Medical robotics, robot design, 
flexible robots, snake robots, 
parallel robots, sensory-guided 
surgery, intelligent surgical robots, surgical 
assistance

alvin M. strauss 
Professor of Mechanical 
Engineering
Friction stir welding, wind 
energy using Flettner 
rotors, nuclear propulsion: 
applications of variational methods, 
dimensional analysis, and the fractional 
calculus

Pietro Valdastri
Assistant Professor of 
Mechanical Engineering
Capsule robots for wireless 
or softly tethered operation 
toward painless endoscopy 
and scarless surgery

Jason Valentine 
Assistant Professor of 
Mechanical Engineering
Optical metamaterials, 
transformation optics, 
nanophotonics, nanoimaging, 
active photonics, solar energy conversion, 
scalable 3D nanomanufacturing

D. Greg Walker
Associate Professor of 
Mechanical Engineering; 
Director of Interdisciplinary 
Graduate Program in Materials 
Science
Ultrasonic pyrometry, thermographic 
phosphor temperature measurement, 
nanoscale electrical and thermal transport 
modeling, energy conversion devices

Robert J. Webster III 
Assistant Professor of 
Mechanical Engineering 
Electromechanical design, 
modeling, and control, 
medical systems, image-
guided surgery, flexible robots, mobile and 
legged medical robots, biosensors, human-
machine interfaces

thomas J. Withrow
Assistant Professor of the 
Practice of Mechanical 
Engineering
Mastoidectomy and 
cochlear implant robotic 
surgery systems; biomechanics of the lower 
extremities; biomechanics of head injuries; 
and synthesis and analysis of complex vehicle 
designs



Campus location:

101 Olin Hall 

Phone: (615) 322-2413

Fax: (615) 343-6687

http://engineering.vanderbilt.edu/MechanicalEngineering.aspx

Department of Mechanical Engineering

PMB 351826

2301 Vanderbilt Place

Nashville, TN 37235-1826


