
Profesor David Williams, Director, FDRC

The six faculty of the Fluid Dynamics Research Center
(FDRC)  received over $1.1 million dollars in grants and con-
tracts in the last fiscal year.  The research was supported by
a large number of government and industrial contractors
including AFOSR, NASA, Honeywell, Boeing, DOE and
DARPA. More than 30 graduate and undergraduate students
received stipends, and gained valuable research experience
on these projects. Three separate DARPA sponsored con-
tracts in the area of Micro-adaptive Flow Control were won by
FDRC faculty Nagib, Raman and Williams.    

Professor Kevin Cassel was awarded the 2002 Alfred Noble
Prize, which was presented at the ASME International
Mechanical Engineering Congress Exposition in New
Orleans in November 2002. He was also invited to participate
in the London Mathematical Society Workshop on New
Developments and Applications in Rapid Fluid Flows as an
Essential Foreign Participant in July 2003, Durham, United
Kingdom. At the workshop, Prof. Cassel presented an invited
talk and moderated discussion sessions. In conjunction with

his visit to the United Kingdom, Prof. Cassel was a Research
Fellow in the Department of Mathematics, University College
London (UCL), London during the month of July 2003. While
there, he collaborated on research with faculty at UCL and
presented invited seminars at Cambridge University, Imperial
College London, University College London and University of
Manchester.

In direct numerical simulations and theoretical analyses of
turbulent channel flows that are bounded by compliant walls,
Prof. Rempfer found evidence indicating that a design of the
compliant walls that is characterized by homogeneous and
isotropic elasticity of the wall lining may not be promising. In
addition to potential technical applications, this research was
motivated by the question of whether or not the soft skin of
the dolphin has a drag-reducing effect, allowing the animal to
swim significantly faster because of this property of its skin.
Based on Prof. Rempfer’s research, a preliminary answer to
this question would be that if the dolphin’s skin has an effect,
there must be more to it than simple elasticity.

research &facilities

Associate Professor Dietmar Rempfer

A research group has been formed in the MMAE Department
to investigate novel methods for an optimal solution of the
direct and inverse problems of bio-contaminant dispersion in
metropolitan areas. Based on this approach, both rapid
determination of the location of contaminant sources and
accurate prediction of the spread of such agents will be pos-
sible, using a realistic number of sensors. The research
forms an integrated element of an IIT initiative on Rapid
Detection and Response Systems for Bio-Defense. The
research group in MMAE is headed by Dietmar Rempfer, with
Candace Wark overseeing the experimental component, and
Kevin Cassel, Herek Clack and Jamal Yagoobi adding their
expertise to the project. The MMAE group aims at finding
ways to place sensors in an optimal way, and use novel
methods to process the data obtained from such sensors.
Together, these efforts will ultimately lead to the development
of an integrated system that allows for the accurate monitor-
ing of potentially large areas (such as a major metropolitan
region) using a practical number of sensors. 

Dispersion Group leader Dietmar Rempfer works with
group member Kevin Cassel and graduate student
Aidar Omarov.

Research Group Tackles the Problem of Contaminant Dispersion in the
Atmosphere
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Graduate student Mathieu Joerger and
undergraduate Richard Duncan test the
GPS project.

Additional research activity in NGL involves the development
of dynamic, distributed navigation networks.  Such networks
will complement the existing GPS infrastructure, be config-
urable for a wide variety of civil applications, and effectively
build themselves as the number of participating users
increases.  A benchmark application, the precision control of
a distributed network of autonomous ground vehicles
(AGVs), is currently being pursued in this work.  Precision-
controlled AGVs can support a variety of highly-detailed mis-
sions that are unsafe or too difficult for human operation,
such as the precise localization and removal of hazardous
chemical, explosive, or radioactive waste.  In such applica-
tions, it is required that continuous, high-precision positioning
is maintained under a wide range of terrain and foliage envi-
ronments (where GPS signals may be unavailable).  The
direction of the AGV research activity is targeted toward the
development of robust
navigation and control
methodologies for the
execution of hazardous
missions through the
self-coordinated effort of
multiple distributed
AGVs.  However, the
successful realization of
the distributed naviga-
tion architecture would
have wide applicability
to civil transportation
and positioning systems
in general.  

Navigation and Guidance
Laboratory
Assistant Professor Boris Pervan

The MMAE Navigation and Guidance Laboratory (NGL) was
established in 1999 by MMAE faculty member Boris Pervan
as a center for research, development, and testing of
advanced navigation, guidance, and control systems.  Major
areas of current research activity in this laboratory focus on
satellite-based navigation systems, including the Global
Positioning System (GPS) and Differential GPS (DGPS),
high-integrity navigation algorithms, fault detection and isola-
tion, and distributed navigation systems.  NGL research pro-
grams have been sponsored by the Federal Aviation
Administration (FAA), U.S. Navy, U.S. Air Force, the Boeing
Co., and IIT Research Institute.  In addition to Pervan, five
doctoral and two masters-level students are directly involved
in research activities within the lab.

Efforts in the NGL are focused on research, development and
testing of advanced satellite-based navigation architectures
for precision approach and zero-visibility landing of commer-
cial transport aircraft (FAA) and shipboard landing of military
aircraft (U.S. Navy).  The stringent requirements for such life-
critical systems on navigation accuracy, integrity, continuity
and availability demand an unprecedented level of satellite
navigation performance.  For example, the likelihood of haz-
ardously misleading navigation for Category 3 (zero-visibility)
automatic aircraft landing is required to be less than one
event in one billion aircraft approaches.  To achieve such
extreme performance, the NGL is deeply involved in originat-
ing, implementing, and testing of advanced navigation, fault
detection, and isolation algorithms.  The results of NGL work
in these areas has had a direct impact on the development of
aviation navigation system standards by the FAA, the Radio
Technical Commission on Aeronautics (RTCA) and the
International Civil Aviation Organization (ICAO).  

s

Pervan

Fang-cheng Chan, Richard Duncan, Livio Gratton,
Moon-beom Heo and Mathieu Joerger with their project.
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TPTC Director Professor Philip Nash

Over the past year the Thermal Processing
Technology Center has continued to grow and
achieve success. 

One of our graduate students, Manoj Thete, won
first prize in the North American Bodycote
Student Paper Competition for his work develop-

ing simulation software for the carburization process. Part of
the award was a trip to England to compete in the
International Bodycote Student Paper Competition where he
won third prize.

A number of visiting professors have worked at
TPTC for periods of three to twelve months.
These include Professors Jinho Joo and Soon-
chul Ur from Korea, Professors Naiqin Zhao and
Geping Li from China and Professor Gustavo
Sanchez-Sarmiento from Argentina. These inter-
actions with outstanding faculty from other insti-

tutions provide us with new perspectives on our existing
research programs and frequently result in the initiation of
new research programs. Research programs initiated by our
visitors include high temperature superconductors, thermo-
electric materials and high temperature titanium alloys.

The Center welcomed three new industrial members this
year; Alcoa, Alion Science and Technology (formerly IITRI)
and Superior Graphite. Superior Graphite will be relocating
their unique Electroconsolidation press to a laboratory in the
MMAE Department. The press is a pseudo-iso-
static hot press using graphite granules. The
press is equipped with a unique x-ray system
which allows real-time in-situ observation of the
samples during hot pressing.

The Center appointed two research professors,

Joe Benedyk and Dan Herring, who are involved
in the Center activities. Benedyk is involved in
several research projects from aluminum extru-
sion tooling to stainless steel gaskets for auto-
motive engines. Benedyk and Professor
Sheldon Mostovoy co-developed a unique sheet
metal testing fixture which has generated a lot of

interest in the automotive community. Herring is
involved in the Center's outreach and education-
al activities. He was instrumental in organizing
the Center's symposium on Gas Quenching
technology that was held at IIT in November
2003. Another key researcher at the Center is
Dr. Dajun Chen, who manages the electron
microscope facilities, teaches at the graduate
level, and performs research.

We have added two major research projects over the last
year. One project is on the extension of aluminum extrusion
tooling lifetime extension and the other is on
laser cladding of naval ship components. The
modeling and simulation group, lead by
Professor Calvin Tszeng , is working on a variety
of research topics including simulation of laser
cladding, induction heat treatment, carburiza-
tion, distortion prediction for heat treated compo-
nents and phase transformations in steels.

The Thermal Processing Technology Center aims to be a
resource for industry where medium to long range research
projects can be conducted using our state-of-the-art experi-
mental facilities and modeling and simulation software. If you
are interested in exploring how the Center can help your
company please contact Professor Philip Nash at
nash@iit.edu or you can visit the Center web site at
tptc.iit.edu.

Thermal Processing Technology Center Update

Benedyk

Mostovoy

Chen

Senior Research Associate Zhi Yong Hu and graduate student Swatiben Purohit work in TPTC facilities.

Tszeng

12

Nash

Ur



The spring of 2004 will bring the debut of a new state-of-the-
art laboratory for undergraduates.  The renovated space will
provide new lab equipment and a more learning-conducive
environment for our senior undergraduate courses with lab
components.  The lab will also serve as a demonstration
space for visitors and prospective undergraduates, highlight-
ing exciting phenomena and experimental techniques that
are representative of the department’s three engineering dis-
ciplines.

The lab will have four separate experimental modules: con-
trol systems and design and manufacturing, fluid mechanics,
non-destructive materials testing, and thermal sciences. The
controls and computer-aided manufacturing component con-
sists of a CNC milling machine, robotic arm, and gyroscope
that are all computer controlled from a cluster of nearby
workstations. The fluid mechanics module consists of a medi-
um-sized wind tunnel and a complete particle image
velocimetry (PIV) diagnostic system.

The non-destructive material testing module includes sever-
al components that demonstrate induction heating, ultrason-
ic crack detection, visual representation and analysis of
stresses and strains, and measurement of elastic properties
and sheet drawability.  The thermal science module employs
an infrared (IR) camera to image minute details of various
complex temperature fields.

The laboratory construction has included a complete renova-
tion as well as the new equipment. The renovation work
involved the complete upgrading of utilities (electrical, venti-
lation, gas) and repainting of the ceilings, cabinets and walls.
Old bench tops were replaced with new surfaces, and chairs,
stools, sinks, white boards, and window shades were also

upgraded.  More space has been set aside for student work
areas, and audio/video facilities have been installed for use
during open house events and other demonstrations.

new undergraduate lab

“...a more learning-
conducive environment

for our senior
undergraduate

classes...”

Students Guillermo Casas and Brian Demanett work on
a project in the new laboratory.
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Reducing Drag Forces

Professor Hassan Nagib has been involved in the Micro
Adaptive Flow Control (MAFC) program with the Defense
Advanced Research Projects Agency (DARPA) .  This pro-
gram has conducted flight tests on the full-scale XV-15
experimental airplane and  confirmed that MAFC technology
will provide a dramatic 14 percent reduction in download
forces during hover by controlling the flow of air around the
wing.

The unsteady active flow control system retrofitted into the
XV-15 is the first ever full-scale application of MAFC tech-
nologies and has validated the utility of flow control for full-
scale aircraft.  The tests have shown that MAFC technologies

integrated into a new aircraft during the design
stage would allow the aircraft to carry more pay-
load.  For example, on a 25-ton tilt-rotor aircraft,
calculations indicate that up to an additional
1,000 pounds of extra payload could be accom-
modated.  

The goal of DARPA’s MAFC program is to develop engineer-
ing design tools and demonstrate adaptive flow control tech-
nologies for various military applications.  

The XV-15 MAFC effort, which included over four years of
laboratory experiments and actuator development and over
six hours of flight tests, was conducted by teams from Bell
Helicopter, and the Boeing Company, as well as the research
groups of Professors Israel Wygnanski (Tel Aviv University
and University of Arizona), and Nagib, who pioneered the
development of the techniques and actuator technology,
developed the understanding of the flow phenomena, and
carried out the risk-reduction testing.

The test results were featured in the July 21, 2003 issue of
Aviation Week.XV-15 experimental plane.

Fibers in Shear-Driven Flows
Associate Professor Michael Gosz

Faculty Michael Gosz, Kevin Cassel, Sudhakar Nair and
Jamal Yagoobi, along with graduate student Maen Alkhader,
are conducting a theoretical and experimental study of the
behavior of fibers in shear-driven flows.

The objective of this project is to perform a theoretical and
experimental study to fundamentally understand the behav-
ior of fibers in shear-driven flows. Gosz and Alkhader are
developing a numerical model that can predict the motion of
fibers, the interaction among fibers, the forces experienced
by fibers, and the associated change in fiber properties as
they are subjected to shear-driven flows. A schematic of flex-
ible fibers passing through a shear flow is shown in the figure
to the right. Through a better fundamental understanding of
the behavior of flexible fibers in shear-driven flows, the pro-
posed effort will lead to the development of a computational
tool that will aid in the design of next-generation paper refin-
ing technology and enhance the efficiency of manufacturing
non-woven fabrics.

Photo:  Graduate student Maen Alkhader.
Chart:  Cluster of flexible fibers subjected to a shear
flow.
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