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Research Statement

After receiving my Ph.D. in 1989, my research was initially focused on computational gas dynamics. This evolved into
general computational fluid dynamics and eventually to dense gas dynamics, where | have made my most significant
research contributions. My high-speed aerodynamics research included a 1995 wind tunnel study that verified the
method of osculating cones [3.21, 3.22]; a method that was developed at the University of Colorado. My high-speed
aerodynamics research continues in the area of sonic boom. My current research focus is unmanned vehicle systems.
The following is a more detailed summary of my research projects and future research plans.

Dense Gas Dynamics was the focus of my research from 1993-2000. My initial interest was to model dense gas
behavior with state-of-the-art computational fluid dynamics (CFD). At the time most “advanced” CFD was focused on
modeling the aerodynamics of ideal gases such as air, or combusting gases that can still be considered as thermally
perfect gas mixtures. To model a dense gas, i.e., a single-phase vapor near the liquid-vapor coexistence curve, the gas
must be modeled as both thermally and calorically imperfect. For the high-molecular-weight molecules of interest, this
means very complex thermal and caloric state equations must be incorporated. My graduate students and | first applied
the nozzle design methods used in my graduate work to the design of supersonic nozzles for dense gases [1.12].
Following a review of the experimental methods of other researchers in related areas, | developed a shock tube design to
study dense gas phenomena. My 1996 paper was the first to show CFD results for the complete unsteady, one-
dimensional shock tube wavefield for a dense gas [1.11]. With NSF funding, my graduate students and | designed and
built a prototypical dense gas shock tube for experiments [1.4]. Parallel to the experimental effort, we continued to use
CFD with increasingly more advanced equations of state [1.10, 1.9, 1.6, 1.5]. In the spring of 2001, Alberto Guardone,
a Ph.D. candidate from the Dipartimento di Ingegneria Aerospaziale, Politecnico di Milano, Italy spent six months in
my research group. He brought an advanced flow solver that we integrated with our equation of state models to produce
a new level of computational modeling with simulation results that reproduced all of the important features observed in
the experiments [1.4]. In 2004, a team led by Professor Piero Colonna, with Dr. Guardone as a co-investigator, started
the construction of a new dense gas shock tube facility at Delft University of Technology. The shock tube is based on
my original design. | am a member of the steering committee for this team and continue to collaborate with Dr.
Guardone and the Delft-Milano Team to apply complex equations of state to the computational dynamics of dense gases
[1.3,1.1].

Sonic Boom Minimization. During the late 1950s through the early 1970s, NASA led the international focus on sonic
boom research. The goal was to understand the origins of sonic boom and the development of aircraft technologies to
mitigate its effects. In 1998, Prof. A Richard Seebass and I co-authored a paper that revisited the sonic boom work of
the earlier decades [3.19], thus my introduction to the field. At that time Prof. Seebass was the leading international
authority on sonic boom. In 2000, national sonic boom research was resurrected with DARPA’s Quiet Supersonic
Platform (QSP) Program and the AES team of Professors Seebass, Charbel Farhat, Sedat Biringen, and Brian Argrow,
was one of the university teams to receive a DARPA QSP grant. We proposed to couple linear-theory-based
aerodynamic optimization, pioneered by Prof. Seebass and his former colleague Alfred George, with the advanced
computational optimization methods developed by Prof. Farhat and his research group. Initially, mine was a secondary
role, but with the death of Prof. Seebass in November 2000, one month prior to the kickoff of the QSP Program, |
became responsible for the development of the aerodynamic and acoustic propagation theories. In December 2000 |
delivered our Team’s briefing at the QSP kickoff meeting. Following our DARPA work, we received additional
funding from NASA to flesh out some of the ideas we had developed. My most significant contribution is the theory of
F-Function Lobe Balancing to Produce Multiple-Shock Signatures; I introduced this theory in an invited session of the
2002 Transonnicum IV meeting in Gottingen, Germany [3.8]. An early form of the theory is employed in our 2004
International Journal of Acoustics publication [1.2]. | believe lobe balancing will be a key component of future sonic
boom minimization research.

There is much to be done in sonic boom minimization. The origins of sonic boom were well understood by the late
1960s, however the computational requirements for aircraft shape optimization were too great. Since that time,
computational capability, in terms of computer speed and algorithm efficiency, has increased several orders of
magnitude, yet the understanding of the basic flow physics and appropriate models has (in my opinion) atrophied as
experts have retired, died, or been ignored. | believe that the linear-theory-based aircraft shape optimization will prove
to be the key to the design of a supersonic business jet with an acceptable sonic boom signature. Evidently, sonic boom



research will be one of the focuses of the renewal of NASA aeronautics funding. With my current research and ideas |
believe | will be competitive for this funding.

Unmanned Vehicle Systems. In 2002, the AES External Advisory Board expressed concern that the balance of the
Department was too much on the side of astronautics and space science. Concurrent with this observation was the
growing national interest in unmanned aerial vehicles (UAVSs). At that time | made the decision to redirect my research
focus to unmanned vehicle systems. | had a long-standing interest in the use of unmanned aircraft to obtain in situ
measurements in severe thunderstorms and starting around 2000, in collaboration with Dr. Erik Rasmussen from
NOAA'’s National Severe Storms Laboratory (NSSL), | began to sponsor senior projects to develop a small unmanned
aircraft system to penetrate severe storms. | saw an opportunity to address my growing research interest and to
simultaneously bring a renewed aeronautics focus to the Department. In 2002, | was a Technical Program Co-Chair of
the 1% AIAA Unmanned Aerospace Vehicles, Systems, Technologies, and Operations Conference and Workshop. In
the spring of 2003, | began to organize a nucleus of about 10 faculty members from throughout the College to start a
research center for unmanned vehicles. During the summer of 2003, | and Professor George Morgenthaler co-founded
the Research and Engineering Center for Unmanned Vehicles (RECUV) and since January 2004 | have been the Center
Director. RECUV currently rosters 20 faculty and has two Corporate Sponsors, Lockheed Martin and Raytheon, and
one Associate Sponsor, NAVSYS. Center research contracts currently total about $2.5M. The vision | share with my
RECUV colleagues it to develop an infrastructure for Cooperative Mobile Sensing Systems to do in situ sensing in
environments that are too dangerous, or to hard to reach for manned systems.

During the summer of 2003, with USAF funding through L3 Communications, Professor Timothy Brown and | began
the development of the AUGNet (Ad Hoc UAV and Ground Network) test bed. Over the past 2-1/2 years, we have
received about $850k to develop an experimental test bed to investigate WiFi mobile ad hoc networks. Our first
experimental campaign concluded in October 2004 with successful experiments and demonstrations that involved as
many as three UAV-borne radio nodes in a network with automobile-mounted and fixed ground nodes. The scope of
this research continues to expand as we now deploy fully autonomous unmanned aircraft systems (UAS) [3.1, 3.2, 3.3,
3.4,3.5, 3.6, 3.7]. In the spring of 2003 Prof. Eric Frew was hired into AES and RECUV and he is now a full AUGNet
Co-Investigator. Integration of communications and control in UAS design is now our current focus. | am sponsoring
an AY 2005-06 senior project to deploy a “smartsonde” proof-of-concept vehicle. Smartsonde is a term | recently
introduced to describe a small sonde instrument package integrated into a micro aerial vehicle (MAV). The project will
demonstrate the feasibility of using a UAV mothership to deploy several smartsondes that will then fly to a designated
GPS waypoint to return meteorological data as they descend to the Earth. Organizers of the proposed VORTEX-II
(Verification of Origins in Rotation in Tornadoes Experiment) Field Experiment have proposed that RECUV UAVs be
part of the experiments planned for 2007-08. | recently visited Dr. Stephan Nelson, the NSF Program Director of
Physical and Dynamic Meteorology to discuss this opportunity. We will be notified by his office in June 2006 if NSF
funds will be allocated for the VORTEX-II campaign. If this announcement is positive, | will finally begin to realize
my dream of designing and building a UAS to penetrate severe storms. This project will integrate the autonomous
UAVs we have developed in the AUGNet program with the smartsondes to be deployed into developing storms.

! http://www.aiaa.org/pdf/industry/presentations/revital05Sromanowski.pdf



Teaching Statement

| believe | have had a significant influence on education, particularly undergraduate education, in the Department and
the College and, as a President’s Teaching Scholar, in the University. The following are some of the highlights of how
my thesis on knowledge and curriculum, and teaching and learning, have helped to change the direction of
undergraduate education in the Department. | have conducted teaching workshops for the College and the University’s
Faculty Teaching Excellence Program, and many of my teaching methods are implemented on a daily basis throughout
the University.

Proactive Teaching and Learning. The Pro-Active Philosophy emerged from my own learning and teaching
experiences, and from observing the interactions of instructors, teachers, and students. Much of the philosophy is based
upon my learning experiences from two award-winning teachers and researchers from the University of Oklahoma:
Professor Maurice Rasmussen, from the School of Aerospace and Mechanical Engineering, and Professor Michael
Morrison, from the Department of Physics and Astronomy. Professor Rasmussen was the first to make me aware of the
importance of conceptual knowledge relative to operational knowledge. Professor Morrison was the first | observed to
use daily reading assignments with individual and group quizzes to reinforce reading comprehension. These professors
are teachers—a distinction to be made from instructors. Instructors give instructions (usually by lecturing), i.e., they
generally emphasize rote procedures. Teachers supplement instructions and enable students to learn. The intent is not
to imply that instruction is wrong, it is simply not enough. The teacher’s primary objective is to enable students to
master the components of knowledge. Thus, a teacher must develop a set of enabling tools and must be able to assess
their effectiveness. Enabling students to learn necessarily requires active participation and increased responsibility for
their learning experiences. This is the essence of my Pro-Active Philosophy:

Proactive Teaching & Learning: Instruction and learning begin with instructor and student
preparation. The classroom is not a place for instructors to show how much they know—the
classroom is the place to learn what students do not know so those things become known.

In the Fall of 1997, | introduced the Proactive Philosophy for Teaching and Learning with the inception of the
Aerospace Curriculum 2000 (C2000) [3.10]. | was one of the three untenured, junior faculty members who led the
complete overhaul of the AES curriculum. The C2000 is the result of a complete reformation of curricular content, and
a new teaching and learning paradigm, based on my Proactive Philosophy. The Integrated Teaching and Learning
Laboratory enabled the new teaching and learning paradigm to be horizontally integrated with the focus on the
engineering sciences, hands-on experiments, and product design in a teaming environment. In 1999, this curriculum
passed its initial ABET review at the highest level. The preliminary findings from the second visit in the fall of 2005
indicate the same level of ABET assessment. My thesis on knowledge and curriculum, and how it is implemented in
the C2000 is presented in Ref. [3.10].

An Emergent Engineering Systems Curriculum. In 2003, as AES Associate Chair, | created a Senior Projects
Committee to review the senior projects sequence. The original implementation of the C2000 in 1997 focused primarily
on the sophomore and junior reorganization. The senior projects course sequence did not fully leverage the potential for
our faculty and students to create a unique capstone experience. The senior projects course sequence is now an
appropriate capstone experience. (My colleague Professor Lee Peterson refers to it as a “prototypical engineering
experience.”) With the project course now in place, an emergent outcome of the C2000 are students well-versed in the
concepts and practices of systems engineering without a single course in the C2000 that labeled systems engineering. A
secondary benefit of teaching this curriculum is that the entire AES faculty is more educated in systems engineering.
References [3.2, 3.6, 3.11, 3.12] document the development of the capabilities of the AES C2000 as verified by the
complexity and quality of several projects.

In each of the projects previously cited, several of the students chose to continue their graduate work in my research
group, thus verifying the continuum of research and education. Two of my current PhD candidates began working with
me with independent study projects, followed by a senior project, and now to dissertation topics. The distributed
computing system and virtual cockpit described in [3.2, 3.12] is now forms the basis for our AUGNet [3.1, 3.2, 3.3, 3.4,
3.5, 3.7, Error! Reference source not found.] research. | am heavily involved with undergraduate research programs,
with at least two or three projects per year sponsored through the Undergraduate Research Opportunities Program. In
2003, | also created our team that competes in the annual AIAA Design, Build, and Fly Competition. The current team
is composed of about 30 students from several of the College’s engineering departments and the Physics Department.
This team has proved to be a fertile “proving ground” from which I harvest students for senior projects or direct



involvement in my funded research. These activities exemplify my ideal that students should come to a research
university to become educated in the professional practice and research with an integrated experience.



Service Statement

My commitment to service, in the name of the University, is evident through the local, national, and international
activities. Much of this service has been associated with teaching and learning initiatives and includes my ongoing K-
12 outreach commitment to middle- and high-school teachers, and underrepresented students of color in the Denver
Public Schools.. My service is also administrative, as former AES Associate Chair, and Co-Founder and current
Director of the Research and Engineering Center for Unmanned Vehicles. Most of my national service has been with
the NASA and USAF Advisory Boards. My international current international service is as a member of the Steering
Committee for dense gas dynamics research at the Delft University of Technology. The following summary emphasizes
the breadth of my service activities, and hopefully imparts some sense of the degree to which I consider the importance
of these and future service activities.

Administration. As AES Associate Chair (2000-2004) one of my most important accomplishments was to lead the
overhaul of our Sr. Projects capstone courses so that our students could fully utilize the systems engineering experience
from earlier portions of the Curriculum 2000. As the current chair of the AES Curriculum and Teaching Committee, |
am leading the implementation of our new plan, presented during last year’s ABET visit, that closes the assessment loop
for the Curriculum 2000. This loop is closed with an outcomes assessment of the capstone sequence that is fed back for
the annual overall curriculum evaluation and planning. By measuring what the seniors can do in a design, build, test,
and verify capstone experience, we fine-tune the preceding curriculum to address the assessed needs.

As Director of the Research and Engineering Center for Unmanned Vehicles | have two goals. The first is to develop
an infrastructure for Cooperative Mobile Sensing Systems. Such an infrastructure would enable the deployment of
cooperative unmanned vehicles (air, ground, and sea) into environments that are too hazardous for manned systems, or
require persistence that exceeds human capabilities. Many of the components for the mobile sensing system are in
development through the RECUV funded research programs on vehicle platform, communications, command and
control, and sensors. The second goal is to develop an unmanned systems graduate curriculum. A strawman curriculum
has been vetted; it will be refined with a target date for implementation within one year. In addition to these efforts, |
continue to pursue opportunities for corporate sponsors (current sponsors include Lockheed Martin, Raytheon, and
Navsys), SBIR/STTR opportunities, and other efforts for center-wide research/education funding.

Engineering Education Reform. My involvement in the development and implementation of the AES Curriculum
2000 is discussed in the Teaching Statement. | continue to realize the ideals of hands-on, design, and systems-oriented
curricula through opportunities supported by the ITLL and more recently, the Discovery Learning Center. The original
Integrated Teaching and Learning Initiative (ITLI) was supported by seven disciplinary committees, after the ITLL was
opened in 1997, all the disciplinary committees dissolved, except for the Fluid and Thermal Science Focus Group that |
chaired. With the multidisciplinary (and multidepartmental) collaboration that started with the ITLI, our group
developed a prioritization procedure that allowed us to continue the development of experimental modules and
equipment that supports the aero-fluid mechanics, thermodynamics, and heat transfer. This group was also the first to
pilot a multidisciplinary fluid dynamics course team taught by faculty from several departments. | continue to
collaborate with faculty from several of the College’s departments to develop multidisciplinary modules used in the
ITLL.

In 2003 | organized the first CU Design, Build, and Fly Team. Since then my teams have competed in the annual
competition. The teams are self organized; this year’s team started with about 40 students last fall, ranging from
freshman physics majors to AES M.S. and Ph.D. candidates. As we approach the competition in April 2006, the team
still numbers about 30. The DBF Team is an excellent “proving ground” for students who might become involved in
RECUV undergraduate research. All of the graduate students involved in the project, including the PhD candidate,
started as undergraduate team members. DBF is an excellent avenue for the early involvement of students in a
multidisciplinary (and multidepartmental) systems engineering experience. In addition to the horizontal integration of
the disciplinary topics, it also teaches students to work in a vertically integrated team. | believe both types of
integration are an essential to my continuous efforts in engineering education reform and implementation.

K-12 Education and Outreach. Each summer | participate in one or two of the outreach programs sponsored by the
College or the ITLL. This includes organizing sessions, curriculum modules, and teaching. Examples include the
Success Institute, a two-day immersion of underrepresented students of color, particularly rising juniors and seniors
from the Denver Public Schools, into a multidisciplinary engineering experience and a taste of university life. The High
School Honors Institute, is an annual program in which rising seniors from the state of Colorado are introduced to the
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disciplines and programs of the College through a series of workshops and tours. | have organized many of the AES
programs and conducted workshops to illustrate the fundamentals of aircraft flight, traditionally concluded with a
popular Whitewings® competition that | introduced about a decade ago. Go with the Flow is a 3-4 day workshop for
middle- and high-school teachers in which I teach an aero-fluid dynamics curriculum, jointly developed with the ITL K-
12 program, that helps the teachers integrate engineering into their K-12 curricula. At the conclusion of the Go with the
Flow workshop these teachers receive professional development continued education credit.

National Service. As a Technical Co-Chair, | participated in the organization of the 1 AIAA Unmanned Vehicle
Systems, Technologies, and Operations Conference and Workshop in 2002, and for two subsequent annual conferences.
I am currently a member of the Unmanned Systems Program Committee and continue to chair sessions for the annual
conferences.

From 1997-2001 I served three years on the NASA Advisory Council Aeronautics and Space Transportation
Technology, Airframe Systems Subcommittee. | also served on the NASA Aerospace Missions and System Analysis
Peer Review in 2003, and since 2003, | continue to serve as a member of the NASA Academy of Program and Project
Leadership, Management Operations Working Group.

As a member of the Institute for Defense Analyses (IDA) 2000-2001 Defense Science Study Group (DSSG) my focus
was on the threat that unmanned aircraft pose to national security as described in my 2002 report: “Assessment of the
Impact of Low-Cost Robotic Aircraft to National Security” [4.2]. In 2003, | was appointed an ad hoc member of the
USAF Scientific Advisory Board (AFSAB) as part of the Vehicles Panel for the 2003 study of Unmanned Vehicles; in
2005 | was appointed a full member of the AFSAB. | am currently a member of the Surveillance and Identification
Panel for the study “Defense Against Foreign UAVS”.

11



