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Department Update - Summer 2018

Dear Friends and Alumni,

Summer is a time for making memories and beginning 
exciting new adventures--this is particularly true for our recent 
graduates. We would like to extend our congratulations to 
those who graduated from our programs this year. We are 
proud of your accomplishments during your time in the AEM 
department, and we look forward to continuing to connect 
with you as the successful alumni we know you will be.

We would also like to congratulate Professor Ryan Elliott and 
Professor Thomas Schwartzentruber on being promoted from Associate Professor 
to Professor. These two individuals have proven their excellence at research, 
teaching and service and we are all looking forward to their continued contributions 
to the Department.

This past March, AEM had an external review by a team of three outstanding 
academics, who gave many positive comments, as well as new ideas for improving the 
program and increasing our visibility in the community of aerospace departments. 
This was followed in April by our annual visit of the Professional Advisory Board, 
which also provided excellent feedback and positive commendations. I am pleased 
that both groups recognized AEM’s successes and also pointed out ways we can get 
better. Both our success and our ability to improve are impacted by every individual 
who has given their time, money, and support to the AEM department.

To that end, we would like to take a moment to say thank you to our donors, 
alumni, friends, and faculty for their support. Many of your financial contributions 
go to support fellowships and scholarships for students such as those highlighted 
on page 7. The contributions also support teams such as the Senior Design team 
and Rocket Team who have been successful again this year in their work and 
competitions. In addition, your feedback helps to grow our program, and your 
commitment to our students helps them secure coveted internships and jobs 
across the country.

On behalf of our students, staff and faculty, thank you for your generosity and 
support.

Perry Leo
Department Head

College of Science and Engineering 
Department of Aerospace Engineering and Mechanics
www.aem.umn.edu



THANK YOU DONORS

The Department of Aerospace Engineering and Mechanics thanks the many generous alumni, faculty, companies, 
and friends listed below for their donations and commitments to support the department and our students. We are 
so grateful. This list includes all gifts made between February 1 and June 20, 2018. These gifts are instrumental to 
enhancing our academic program and providing opportunities for our talented students.

Sheila & Andrew Smude
William & Leanne Spetch
Stephanie & Matthew Thomasson
Peter & Patricia Torvik
James & Lois Urnes
Wenjuan Wang & Feng Cao

For information on giving or alumni involvement, please visit our web page www.aem.umn.edu/alumni, or contact Kathy 
Peters-Martell at kpeters@umn.edu or 612-626-8282 in the College of Science and Engineering Dean’s Office.

Kathy Peters-Martell 
Sr. Development Officer 

College of Science and Engineering 

Carlos Avery
Vibhor Bageshwar
Daniel Baseman
Roger Engdahl &  
Susan Green
Elizabeth Fochs
Janet Fransen
Paul Freeman

Adventium Enterprises
Blue Origin
Northrop Grumman
Mitsubishi Electric 
Research Labs
Proposal Development 
Specialists

Driven is a word that aptly describes AEM faculty, 
students, and alumni. It is also the title of the system-
wide campaign to raise $4 billion in private support for 
the University –   Driven: The University of Minnesota 
Campaign. The College of Science and Engineering has a 
goal to raise $250 million for the entire college, including 
AEM, and these gifts will:

•Ensure we have the resources and facilities needed to
   explore solutions for the greatest challenges in health,  
   environment, energy, and infrastructure;
•Provide our students with a transformational educational 
   environment and real-world experiences to meet the 
   challenges of tomorrow through creativity and 
   collaboration; and
•Help us develop a high tech workforce pipeline for the 
   next generation of top scientists and engineers.

We are grateful for the many generous alumni and 
friends who have supported the Department of Aerospace 
Engineering & Mechanics. 

These outright gifts, estate gifts, and gifts of time and 
talent helping our students with projects, serving on 
boards and committees, and participating in the mentor 
program, are all invaluable to AEM.

More than 10,000 donors have made gifts to help us 
reach our challenging goal, and I encourage you to join 
us in this fundraising effort. Your support will help us 
continue the transformative research and innovative 
teaching that impacts our state, nation, and world.

Every gift, of every size, makes  
a difference.

From the Development Office...

Individual Donors

John Girard
Thomas & Mary Heenan
Mike & Lorinda Jackson
Kevin Kjerstad
Kenneth & Lois Mogren
Beth & David Myren
Debra & Joseph Olejniczak
Ahmet Arda Ozdemir

Corporate Gifts
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Professor Thomas Schwartzentruber was promoted to Full Professor by the UMN Board of Regents 
effective on 8/27/18. Schwartzentruber received his B.A.Sc. degree in Engineering Science from 
the University of Toronto in 2001, his M.A.Sc. Degree in Aerospace Engineering from the University 
of Toronto in 2003, and his Ph.D. degree in Aerospace Engineering from the University of Michigan 
in 2007. He was a post-doctoral associate at Michigan from 2007 to 2008 before joining AEM as an 
Assistant Professor in 2008. In 2011, Professor Schwartzentruber was a visiting Assistant Professor 
at the von Karman Institute for Fluid Dynamics in Belgium. He was promoted to Associate Professor 
with tenure in 2014. He is also a senior member of the American Institute of Aeronautics and 
Astronautics (AIAA) and serves on the AIAA Thermophysics Technical Committee.

Professor Schwartzentruber was the recipient of an Air Force Young Investigator Award in 2009, a Taylor Career 
Development Award in 2014, and he was named as the Russell Penrose Faculty Fellow in Aerospace Engineering and 
Mechanics in 2015. He is currently the Director of Undergraduate Studies in the Department.

Professor Schwartzentruber’s research utilizes particle simulation methods to model non-equilibrium and chemically 
reacting gas flows. He is one of the leading practitioners of a method called direct simulation Monte Carlo (DSMC), and 
recently completed a textbook on the subject published by Cambridge University Press. During his career at the University, 
he has not only made important and powerful extensions to the DSMC method, he has also led the development of a new 
direct simulation method for dilute gases used on the forces between atoms, and he has extended these approaches to 
new areas of research.

Ryan Elliott promoted to Full Professor
Professor Ryan Elliott was promoted to Full Professor by the UMN Board of Regents, effective   
on 8/27/18.  Elliott received his B.S. degree in Engineering Mechanics from Michigan State 
University in 1998. He then went to the University of Michigan, where he received a M.S.E. 
in Aerospace Engineering in 1999, a M.S. in Mathematics in 2002, and a PhD in Aerospace 
Engineering and Scientific Computing in 2004. Professor Elliott joined AEM as an Assistant 
Professor in 2005 and was promoted to Associate Professor with tenure in 2011. Professor 
Elliott was a Visiting Researcher at the Laboratoire de Méchanique des Solides at the École 
Polytechnique in Paris in 2010. He also served as the Russell J. Penrose Faculty Fellow from 

2012 to 2015. In Fall of 2017, he was named a Fellow of the American Society of Mechanical Engineers (ASME), 
and he is active in the Society of Engineering Sciences (SES).

Professor Elliott is an expert in theoretical and computational methods in solid mechanics and stability theory. His 
research interests are in the areas of active materials, shape memory alloys, solid-to-solid phase transformations, 
and atomistic materials modeling. He and his co-workers established the OpenKIM (Knowledgebase of Interatomic 
Models) project. Professor Elliott received a National Science Foundation CAREER award and a University of 
Minnesota McKnight Land-Grant Professorship in 2014. He also received the Thomas J.R. Hughes Young Investigator 
Award for excellence in computational mechanics from the Applied Mechanics Division of the American Society of 
Mechanical Engineers.

DEPARTMENT NEWS 

AEM Twitter Launched
The Department of Aerospace Engineering & Mechanics has launched an official Twitter page.

Follow us at twitter.com/umnaem to stay in the loop on department events, student competitions 
and activities,  and exciting events within the College of Science & Engineering and the field of 
Aerospace Engineering & Mechanics. 

Thomas Schwartzentruber promoted to Full Professor
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Unfortunately, the rocket broke apart just a half 
second before motor burnout. Even though it was not 
successful, the team gained valuable information 
about airframe design and material selection which 
will be used in years to come. This was also the fourth 
successful firing of their experimental motor, which 
used solid propellant they designed themselves.

The Rocket Team was advised by Gary Stroik and 
Professor Joseph Nichols. They were also sponsored 
and mentored by Blue Origin, American Pacific 
Specialty Chemicals, Honeywell, Orbital ATK/Northrop 
Grumman, Students Services, UTC Aerospace Systems, 
and MISUMI.

The Spaceport America 
Cup team with the rocket: 
Thunderstroik IV - A New 
Hope. Here, they are getting 
ready to take the rocket to 
the launch pad.

The Spaceport America Cup launch crew 
with their rocket on the launch pad.

STUDENT NEWS

Rocket Team

The Department of Aerospace Engineering & Mechanics 
congratulates the Rocket Team on a successful year! 
Consisting of more than 50 members from around 
the university, the Rocket Team had five key projects. 
The team received first place at the B1G-Alka rocket 
competition and set a Guinness World record for 
Highest Alka Powered Rocket Flight of around 450 ft!  

The team’s G.O.P.H.E.R project put together teams of 
new members to create small high-powered rockets to 
teach the fundamentals of rocketry. From the six rockets 
that were built, five of them were flown successfully.  
The sixth wasn’t able to deploy its main parachute and 
landed under its drogue. 

The high-altitude project has a goal to fly over 150,000 
feet above ground level on a two-stage rocket, and is 
still in the development phase. The in-air ignition for the 
second stage and the problem of hypersonic heating on 
the airframe are still being researched. 

The Midwest High-Power Competition project developed 
an active roll-control system which accomplished the 
goal of the competition and helped the team receive 
fifth place overall.

The main competition for the Rocket Team was the 
Spaceport America Cup which took place in New 
Mexico. The goal was to take an 8.9 pound payload to 
30,000 feet above ground level.

The rocket as it leaves 
the launch pad. The 
motor is producing 
1300 lb of thrust at this 
point!
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STUDENT NEWS

The RASC-AL Senior Design team had a successful 
competition at the 2018 RASC-AL Forum held June 18th to 
the 21st in Cocoa Beach, Florida. The AEM team received 
first place in their theme category 
with their system architecture for a 
Mars mission propellant resupply 
capability for the Deep Space 
Transport.

AEM RASC-AL team members 
include Dexter Groath, Garret Kluz-
Wisniewski, Qais Al Ismaili, Jack 
Stutler, Gregory Kosinski, Paul Tischer, Michael Dalhoff, 
and team lead Sasha Warbritton. The team was advised 
by John Weyrauch (Senior Design professor), Chris Regan 
(AEM Researcher), Suneel Sheikh (ASTER Labs), Chuck 
Hisamoto (ASTER Labs), and Vaughn Weirens (ASTER 
Labs). 

The competition started in the Fall of 2017 with 
60 university teams. After two down-selects, 12 
undergraduate teams and 2 graduate teams advanced 
on to compete in Florida with designs focused on one 
of four future space exploration themes. The AEM team 
competed in the “Propellant Resupply Capability” theme. 
They titled their research, “Cis-Lunar Electric Transport 
and Utilization System” or CLETUS.

According to the team’s technical paper, in order to 
maximize efficiency while reducing financial burden of 
missions to Mars and beyond, it becomes imperative to 
conduct refuel and resupply operations off-planet. The Cis-
Lunar Electric Transfer and Utilization System (CLETUS) is 
an architecture designed to fulfill this purpose. CLETUS 
offers room for growth, and by verifying that low-thrust 

 

trajectories are possible between the Earth and Moon 
with large payloads, vehicles could be developed to 
supply  future lunar operations-even interplanetary 
missions. Propellant transfer at the scale needed for 
CLETUS can be applied to other missions and at any 
scaling. Another application of the system would be 
for propellant depots. 

The competition included a presentation and 
provided  a Q&A about their research with the judges. 
Team members thoroughly enjoyed the event; they 
were inspired by NASA’s future space exploration 
vision, and also by a tour of the space hardware and 
advanced concepts labs at Kennedy Space Center.

The RASC-AL Forum has uploaded the student team 
presentations, and these videos are available for 
viewing on their livestream website at 
https://z.umn.edu/RASCAL2018.

AEM Senior Design Team  and NASA’s 
RASC-AL Competition

Concept of 
Operations 
for CLETUS

Mission 
timeline for 
the CLETUS 
architecture
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After SOCRATES, the 
team would like to 

continue researching and discovering future possibilities.

Team lead, Kyle Houser, said, “Our goals for the future 
mostly pertain to the research group overall. We would like 
to use the HASP as a training platform for newcomers so 
they can get better acquainted with their respective sub-
systems. With SOCRATES being completed in December, 
we are unsure if a similar project will fly on HASP next year 
like it has been in the past, or if it will be something else 
entirely.” 

HASP team members include:  Kyle Houser, Ricardo Saborio, 
Andrew Mosin, Jacob Beno, Katherine Couteaux, James 
Cannon, Garrett Ailts, Abigail Valero, and Jenna Burgett. The 
team is advised by Professors Demoz Gebre-Egziabher &  
James Flaten of AEM, Professor Lindsay Glesener of Physics 
& Astronomy, and Dr. Suneel Sheikh of Aster Labs.

Integration with the balloon’s gondola and environmental 
testing (power draw test and a thermal vacuum test) was 
one of the final steps and took place in Palestine, TX on July 

23rd. The final flight is 
planned for September 
1st in Fort Sumner, NM.

STUDENT NEWS
HASP Team

The AEM High Altitude Student Platform (HASP) has been 
working hard to repurpose parts and designs from last 
year’s project to reflect new changes for SOCRATES (Signal 
of Opportunity CubeSat for Ranging and Timing Experiment 
System). 

The team reused as many components from last year as 
possible. For example, the old detector circuit board for HASP 
last year had +/- 12V inputs, but the new board has +/- 8V lines. 
They were able to test the old board with +/- 8V and ensure that 
it worked. Making a new board for this would have caused the 
team to go through massive redesigns of the detector housing, 
so this simple test was quite time and cost saving. 

The team had to completely redesign the structure to 
accommodate the attached sensor payload from the high 
altitude ballooning team. The other goal for their design process 
was to make this payload as close to the real satellite as they 
reasonably could. They were able to use the existing boards 
for the satellite to try and replicate the satellite in terms of its 
function and interfaces between systems. They will be using 
the same flight computer, operating system, FPGA, shaper 

module and high voltage board. The only 
differences from the satellite will be the 
detector. Luckily, all of the integration 
challenges, such as interfacing between 
the FPGA and shaper and interfacing 
between the FPGA and flight computer, 
are being tackled simultaneously with 
the satellite, so there will be little extra 

work from what the 
sub-teams are doing 
for SOCRATES.

The key payload of these CubeSats will be CsI(TI) Incident 
Energy Spectrometer (CITIES), which is based off the Gamma 
Ray Incidence Detector (GRID) which has been tested on HASP 
since 2010. HASP test flights have usually focused on testing 
and validating the performance of the detector, though this 
year, CITIES is converging into a CubeSat so the team has to 
work on the performance of the satellite’s subsystems. Another 
focus is the ability to reprogram the payload through radio, 
which will be a huge help as most CubeSats fail due to their 
flight computers having problems in orbit.

Next steps include assembling the payload and testing the 
whole system to ensure its proper operation. The team will be 
doing a “day in the life” test where they run the payload and 
the system for 24 hours to simulate the end flight, which will 
actually have the payload operating for 18 hours. 

Narendra Singh
Doctoral Dissertation Fellowship
Singh works with Professor 
Schwartzentruber on constructing 
the macroscopic models in order 
to deepen understanding of 
thermochemical reactions that 
govern the dynamics of gas particles 

in hypersonic flows, primarily applied to atmospheric 
reentry of space vehicles. The framework is rooted in 
fundamental physics and builds from molecular-level 
information, which relies on quantum mechanics for 
estimation of forces between atoms. His future plans are 
to pursue an academic career as a professor, preferably 
in aerospace engineering. 

John A. & Jane Dunning Copper Fellowship
Pahlani works with Professor 
James, and her research focuses 
on formulation of computational 
methods for simulations of fluid flows 
at the molecular level, specifically 
designed for studying objective 

structures. Pahlani states, “...my experience with the 
AEM department has been very nice. I have had a great 
learning experience in last one year. In addition to the well-
structured courses, faculty here are very supportive. This 
has encouraged me to develop a deeper understanding of 
the subjects and work hard for it.”

A single channel 
engineering 
prototype of 
CITIES

Circuit diagram of 
the FPGA board

Dimensioned mechanical 
drawing of HAXDT attached 
to the HASP mounting 
plate.

A 3D SolidWorks 
model of the 2018 
iteration of HAXDT. 

Sagnik Paul
John A. & Jane Dunning Copper Fellowship 
Paul works with Professor Longmire, 
and his research focuses on analyzing 
the transition of multiphase flow in 
pipes, specifically to study turbulent 
puffs which occur in transition flow. 
Paul comments,
“...from the day I came in, people have 

helped me get a lot of stuff done, especially the staff in the 
office. The faculty and staff are quite approachable and 
that makes it easier for a shy person like me to work with.”
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STUDENT NEWS

Doctoral Dissertation Fellowship
Runnels works with Professor Gebre-
Egziabher on developing new ways for 
spacecraft to determine their location 
when far away from Earth, particularly 
using signals from pulsars as a natural 
“interplanetary GPS” to determine the 

position of the spacecraft.

His future plans include continuing his research in new 
navigation techniques and applying the methods he has 
developed during his graduate work to other challenging 
navigation problems.

Narendra Singh
Doctoral Dissertation Fellowship
Singh works with Professor 
Schwartzentruber on constructing 
the macroscopic models in order 
to deepen understanding of 
thermochemical reactions that 
govern the dynamics of gas particles 

in hypersonic flows, primarily applied to atmospheric 
reentry of space vehicles. The framework is rooted in 
fundamental physics and builds from molecular-level 
information, which relies on quantum mechanics for 
estimation of forces between atoms. His future plans are 
to pursue an academic career as a professor, preferably 
in aerospace engineering. 

Michael Kroells 
John A. & Jane Dunning Copper Fellowship
Kroells works with Professor 
Schwartzentruber, and his research 
focuses on comparing direct 
simulation Monte Carlo (DSMC) and 
computational fluid dynamics (CFD) in 
the continuum limit. Kroells says,
“I’ve had an amazing experience in 

the Aerospace department. I did my undergraduate here 
at Minnesota, with no intention of going to graduate school 
when I started. Both the faculty and classes piqued my 
interest in higher learning and research, and eventually lead 
to my decision to go to graduate school.”

John A. & Jane Dunning Copper Fellowship
Pahlani works with Professor 
James, and her research focuses 
on formulation of computational 
methods for simulations of fluid flows 
at the molecular level, specifically 
designed for studying objective 

structures. Pahlani states, “...my experience with the 
AEM department has been very nice. I have had a great 
learning experience in last one year. In addition to the well-
structured courses, faculty here are very supportive. This 
has encouraged me to develop a deeper understanding of 
the subjects and work hard for it.”

Fellowship Recipients

Yi Hui Tee
Amelia Earhart Fellowship
Tee works with Professor Longmire, and 
her research focuses on understanding 
particle dynamics in a turbulent 
boundary layer. She acknowledges her 
advisor, Professor Ellen Longmire, for 
her advice and guidance in both her 
study and research work. Tee says, “I 

learned to pay more attention to each and every detail, to 
become more systematic and organized in my research, 
to think and plan ahead step-by-step, and to look at the 
broader picture before diving in blindly.”

Gunjan Pahlani

Joel Runnels

Sagnik Paul
John A. & Jane Dunning Copper Fellowship 
Paul works with Professor Longmire, 
and his research focuses on analyzing 
the transition of multiphase flow in 
pipes, specifically to study turbulent 
puffs which occur in transition flow. 
Paul comments,
“...from the day I came in, people have 

helped me get a lot of stuff done, especially the staff in the 
office. The faculty and staff are quite approachable and 
that makes it easier for a shy person like me to work with.”
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STUDENT NEWS
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Each year, graduating seniors complete a 30-question survey evaluating the AEM program. The survey touches on 
their experiences both as lower division and upper division students as well as their perceived quality of education, 
advising, and learning environment. Questions are ranked from 1 to 5, with 5 as the best score. The scores shown 
below indicate that students are learning the academic material, and that their preparation to use engineering 
tools has been steadily increasing in recent years. We suspect this is due to student participation in Senior Design 
courses, in which students often must know how to use computer aided design programs in order to succeed 
in their projects. Moreover, with the implementation of freshman courses like “Introduction to CubeSats,” our 
students are being exposed to these engineering tools very early in the undergraduate program. 

AEM Undergraduate Program Objectives
1. Consistent with the mission of the University of Minnesota, graduates of the BAEM program will be successfully 
employed in aerospace or other high technology industries. 
2. Graduates admitted to graduate level studies in engineering and other professions will obtain an advanced degree. 

Outcomes 

Senior Exit Survey Results President’s Postdoctoral  
Fellowship Recipients

1. A solid foundation in mathematics, science and engineering and the ability to apply this knowledge. 
2. An ability to design and conduct experiments, as well as analyze and interpret data.
3. An ability to design aerospace systems and components in collaboration with others in a professional and ethical 
manner. 
4. An ability to identify, formulate, and solve engineering problems. 
5. An ability to communicate effectively. 
6. A broad education necessary for the understanding of the impact of solutions of engineering problems in a global 
and social context as well as knowledge of contemporary issues. 
7. A recognition of the need for and the ability to engage in life-long learning. 
8. An ability to use techniques, skills and modern engineering tools necessary for engineering practice. 
9. Knowledge of aerodynamics, aerospace materials, structures, propulsion, flight mechanics, stability and control, 
orbital mechanics, rocket propulsion, space structures and other space related topics. 
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DEPARTMENT NEWS
President’s Postdoctoral  

Fellowship Recipients

The Department congratulates Ashley Bucsek and Robyn Macdonald in receiving the 
President’s Postdoctoral Fellowship and wishes them the best of luck in their research.

The AEM Department is pleased to introduce Ashley Bucsek and Robyn Macdonald as recipients of the prestigious 
President’s Postdoctoral Fellowship at the University of Minnesota. These two individuals have shown potential to bring 
their research and teaching the perspective that comes from their educational background and understanding of the 
experiences of groups historically underrepresented in higher education. Dr. Ashley Bucsek has begun her work with AEM 
under Professor James, and Dr. Robyn Macdonald will begin with the department under Professor Candler and Professor 
Schwartzentruber in August.

Dissertation Title: Elucidating deformation mechanisms in shape memory alloys using 3D 
X-ray diffraction
Dissertation Advisor: Aaron Stebner, Colorado School of Mines

Bucsek is interested in materials that are able to change their properties in response to 
an external stimuli. These “functional’ or “smart” materials are often metals or ceramics 
that undergo a phase transformation from one type of internal structure to another type. 
When two structures have different sets of properties, the material can switch back and 
forth from one structure to another in response to the external stimuli. Specifically, she 
is interested in observing these micromechanical responses with three-dimensional (3D) 
characterization tools, such as X-ray diffraction, and using it to inform micromechanical 
modeling and fabrication. Her PhD thesis entailed advancing different 3D X-ray diffraction 
techniques specifically for advanced materials and using these advancements to better 
understand shape memory alloys (materials that can switch between “shapes”). Her 
postdoc work involves designing a ferroelectric material that switches from a material that 
makes a bad capacitor to a material that makes a good capacitor, and integrating this 
material into an energy harvesting device that can convert heat to electricity.

Bucsek’s future goals are to obtain a tenure-track faculty position, establish a successful 
laboratory, and continue to teach and mentor students considering careers in engineering-
related fields.

Ashley Bucsek
Ph.D. Mechanical Engineering, 

Colorado School of Mines
M.S. Mechanical Engineering, 

Colorado School of Mines
B.S. Mechanical Engineering, 

University of Wyoming

Dissertation Title: Maximum-Entropy Quasi-Classical Trajectory Method Applied to 
Nonequilibrium Nitrogen Flows (tentative)
Dissertation Advisor: Marco Panesi, University of Illinois at Urbana-Champaign

Macdonald’s research interests are in the field of high speed chemically reacting flows. In this 
type of flow field many different physical phenomena (e.g. chemistry, radiation, turbulence) 
occur and accurate flow calculations require accurate models for these phenomena. Her 
dissertation research focused on the development of a reduced order model for chemistry 
based on quantum chemistry calculations. The objective of this work was to help bridge the 
knowledge gap between the field of quantum chemistry and computational fluid dynamics. 
During her tenure as PPFP fellow, she will continue her work on developing computationally 
tractable models for complex physical phenomena in high speed flows.
 
Macdonald’s primary career goal is to become a professor. For her, the appeal of a faculty 
position is the ability to work on the problems that she is interested in and to continue to 
learn and discover new things throughout her career.

Robyn Macdonald
Ph.D. Aerospace Engineering, 

(Dec. 2018)
University of Illinois at Urbana-

Champaign
B.S. Aerospace Engineering,

University of Illinois at Urbana-
Champaign 
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RESEARCH

Atmosphere & Hypersonic Boundary Layers 
MURI Project Information

Joey Habeck, Garrett Ailts, Nick Carter, and Professors 
Graham Candler and James Flaten

Background
 When a hypersonic boundary layer transitions from 
smooth laminar flow to chaotic turbulent flow, the skin friction 
and aerodynamic heating rate dramatically increase. Thus, the 
design of hypersonic vehicles relies on the ability to predict 
laminar-turbulent transition. Transition usually occurs when 
small disturbances in the atmosphere are amplified by the 
boundary layer until they reach a critical amplitude. Then, the 
flow breaks down to turbulent motion. It is currently not known 
if atmospheric turbulence or suspended particulates are the 
source of the disturbances that cause transition. Therefore, it is 
important to characterize the atmospheric state and study how 
disturbances interact with hypersonic boundary layers.
 The Air Force Office of Scientific Research is funding 
a Multidisciplinary University Research Initiative (MURI) project 
to study this problem. The University of Colorado is leading 
the effort, along with the University of Minnesota and Embry 
Riddle Aeronautical University (ERAU) in Florida. In particular, 
the researchers at AEM have been tasked with experimentally 
studying atmospheric particulate content in the stratosphere, 
along with using computational tools to simulate how 
atmospheric particulates and fluctuations in the free-stream 
conditions interact with hypersonic boundary layers.
 
Goals
 The research being conducted in AEM has two main 
components. The first task is to perform experiments that 
characterize the particulate content of the stratosphere. 
This will be done using high-altitude balloons carrying in-situ 
particulate-measuring instruments. The goal is to measure 
particulate sizes and concentrations at altitudes above 80,000 
feet. Ideally, the flights will reach altitudes of at least 120,000 
feet. ERAU will be making related balloon-borne measurements; 
however, they will be measuring the scales and amplitudes of 
atmospheric turbulence. 

  The second task is to use the resulting data as inputs 
to simulations of hypersonic boundary layers. The goal is to 
study how these atmospheric disturbances interact with a 
hypersonic flow field and initiate the boundary layer transition 
process. This will be done using computational fluid dynamics 
(CFD) and direct simulation Monte Carlo (DSMC) codes 
developed by Prof. Candler’s and Prof. Schwartzentruber’s 
group in AEM.
 Thus, the overall goal is to measure the levels of 
atmospheric turbulence and particulates, and then determine 
which is responsible for initiating boundary layer transition on 
hypersonic vehicles flying above 80,000 feet.

Who is Involved
 The UMN High-Altitude Ballooning Team, advised by 
Prof. James Flaten, is leading the experiments to measure 
atmospheric particulate content. This team is composed of 
undergraduate students who work on a variety of payloads for 
high-altitude balloon flights, as well as orchestrate the entire 
flight profile from planning and launching to tracking and 
recovery. Graduate students from Prof. Candler’s hypersonics 
research group will be responsible for the simulations that 
will characterize how atmospheric disturbances interact with 
hypersonic boundary layers. 

Progress
Ballooning
 Great progress has already been made by the 
ballooning team. One focus has been on experimenting with 
a low-cost optical particulate counter which will be used to 
characterize atmospheric particulate concentrations. A 
payload to carry this sensor has been designed and flown on 
multiple balloon flights, beginning in May 2018. Currently, the 
sensor is being calibrated on the ground and the balloon team 
plans to continue to fly it throughout the rest of the summer 
and into fall. 
 Progress has also been made on developing systems 
for controlling the descent rate of MURI balloon flights. On 
ascent, balloons normally displace the air above them as 
they rise, resulting in disturbed air in the wake of the balloon. 

A view of the double-balloon configuration seen from an upward looking 
camera onboard a stratospheric balloon

A view from a camera onboard a stratospheric balloon 
at an altitude of about 80,000ft

Flight preparation for a balloon launch

The Mach number of the base is 
shown.
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RESEARCH
After bursting, the payloads fall at relatively high speeds and 
talcum powder from the burst balloon is also released, potentially 
contaminating particulate measurements. A controlled 
descent should lead to more accurate measurements and  
longer sampling times. The importance of payload stability and 
limits on the velocity of the sampled air for optical particulate 
measurements has not yet been fully determined. 

 
 

Hypersonic Flow Simulations
 It is well understood how small disturbances can 
be amplified by a boundary layer and cause transition from 
laminar to turbulent flow. The parabolized stability equations 
(PSE), derived from the Navier-Stokes equations, can be used 
to predict the growth rate of fluctuations and find the most-
amplified frequency. Using PSE on a test geometry of a blunt 
7o half-angle cone with freestream conditions of Mach 7.2 
at 20 kilometers altitude showed this flow to be receptive to 
520 kHz acoustic disturbances. A direct numerical simulation 

(DNS) with planar pressure 
fluctuations being forced 
in the freestream ranging 
from 5 kHz to 1 MHz showed 
growth rates that matched 
well with the PSE results. 
These results were compared 
to a temperature fluctuation 
with a Gaussian shape. As 
the temperature fluctuation 
interacts with the shockwave, 
pressure fluctuations are 
produced which also show 

similar growth rates predicted 
by PSE. This suggests that freestream temperature fluctuations 
can also produce pressure fluctuations in the post-shock region 
that can be amplified to levels that cause laminar to turbulent 
transition. In the future a full dynamical field will be generated 
from the in-situ balloon based measurements which will then 
be used as an input for the freestream fluctuations to further 
study the causes of laminar to turbulent transition in the 
stratosphere. 

  The second task is to use the resulting data as inputs 
to simulations of hypersonic boundary layers. The goal is to 
study how these atmospheric disturbances interact with a 
hypersonic flow field and initiate the boundary layer transition 
process. This will be done using computational fluid dynamics 
(CFD) and direct simulation Monte Carlo (DSMC) codes 
developed by Prof. Candler’s and Prof. Schwartzentruber’s 
group in AEM.
 Thus, the overall goal is to measure the levels of 
atmospheric turbulence and particulates, and then determine 
which is responsible for initiating boundary layer transition on 
hypersonic vehicles flying above 80,000 feet.

Who is Involved
 The UMN High-Altitude Ballooning Team, advised by 
Prof. James Flaten, is leading the experiments to measure 
atmospheric particulate content. This team is composed of 
undergraduate students who work on a variety of payloads for 
high-altitude balloon flights, as well as orchestrate the entire 
flight profile from planning and launching to tracking and 
recovery. Graduate students from Prof. Candler’s hypersonics 
research group will be responsible for the simulations that 
will characterize how atmospheric disturbances interact with 
hypersonic boundary layers. 

Progress
Ballooning
 Great progress has already been made by the 
ballooning team. One focus has been on experimenting with 
a low-cost optical particulate counter which will be used to 
characterize atmospheric particulate concentrations. A 
payload to carry this sensor has been designed and flown on 
multiple balloon flights, beginning in May 2018. Currently, the 
sensor is being calibrated on the ground and the balloon team 
plans to continue to fly it throughout the rest of the summer 
and into fall. 
 Progress has also been made on developing systems 
for controlling the descent rate of MURI balloon flights. On 
ascent, balloons normally displace the air above them as 
they rise, resulting in disturbed air in the wake of the balloon. 

Progress
 Students will continue to work on the project 
throughout the summer and into the academic year. 

Ultimately the balloon payloads 
developed by the three main 
institutions will be flown in 
other parts of the country.

Impact
 The MURI project will quantify 
the role of atmospheric 
particulate content and 
free-stream fluctuations on 
laminar-turbulent transition 
in hypersonic boundary layers 
and establish a basis for 
the dominant atmospheric 

disturbances in the hypersonic flight environment.

The MURI ballooning 
team also plans to collect 
particulate data aboard 
the NASA-supported High-
Altitude Student Platform 
(HASP) later this summer 
in New Mexico. HASP is a 
program supported by the 
NASA Balloon Program Office 
and the Louisiana Space 
Grant Consortium and allows 
students to test compact satellite 
designs and perform other high-altitude science experiments 
aboard a zero-pressure balloon. These flights are anticipated 
to reach altitudes near 120,000 ft. for durations up to 24 
hours – much longer than flight durations achieved by local 
weather-balloon missions. The MURI ballooning team has 
been collaborating with the UMN Small Sat (AKA CubeSat) 
team to integrate and fly an optical particulate counting 
payload alongside their CubeSat prototype to achieve a large 
sampling time of particulate data at an altitude towards the 
high end of the desired operating range.

Flight preparation for a balloon launch

The Mach number of the base is 
shown.

Temperature fluctuations from the 
base flow shown above. Shows 
the impingement of a Gaussian 
shaped temperature spot on the 
shockwave.

Pressure fluctuations growing in 
the boundary layer.

Pressure fluctuations growing in the boundary layer.
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GRADUATES

BAEM recipients: 

Congratulations BAEM Graduates!  

AEM Masters and PhD recipients:  
Congratulations to this year’s BAEM, 
MS, and PhD graduates on all of their 
accomplishments! Commencement 
took place on Friday, April 27 for 
graduate students and on Friday, 
May 11 for undergraduate students. 

In the News...

Al-Abri, Omar
Al Ismaili, Qais 
Allen, Isaac 
Badithela, Apurva
Bayer, Matthew 
Bentz, Tyler 
Bley, Nicole 
Chiu, Henry
Dalhoff, Michael 
Defiebre, Jesse 
Deng, Deyu
Eiler, Austin
Eller, Matthew 
Enterline, Allison 
Fares, Ali 
Feltis, Jacob 
Fritze, Colin 

Akerson, Andrew 
Bhatt, Mrugank 
Earls, Ashley
Feit, Andrew 
Fong, Kee Onn
Kartha, Anand 
Keller, Jacob
Kumar, Praveen
Lakshminarayan, Inchara
McCarthy, Robert

Neville, Aaron 
Pavagada Shekhar, Suhas
Petersen, Alec 
Regan, Marc 
Sen, Krishanu
Sun, Ke
Tan, Yan Ming
Tee, Yi Hui
Van de Moortele, Tristan

Verma, Abhishek
Wang, Mengying
Weber, Phillip 

Gagnon, Joel
Galbraith, Cole 
Garstecki, Benjamin
Gaytan, Jordan 
Geadelmann, Benjamin 
Gebretsadik, Eden 
Goh, Jasmin 
Gooder, Michael
Groath, Dexter 
Gross, Paul 
Grubish, Jason 
Gubler, Zachary 
Habeck, Joseph 
Helppi, John 
Hemelgarn, Joshua 
Hodo, Fabio
Houston, Mary 

Hovland, Crystal
Humbert, Peter 
In, Hyunuk
Kahnke, 
Knapp, Julia 
Koch, Ryan 
Kosak, Wayne 
Kosinski, Gregory 
Kramer, John 
Langford, Austin 
Lasswell, Christian 
Laughlin, Kail 
Lien, Derek 
MacMillen, Ian 
Majd`, Evan 
Marquette, Christine 
Mok, Yuh Ming

Moore, Madison 
Morse, Nicholas
Mundt, Connor 
Nelson, Joshua 
Nguyen, Bobby 
Nguyen, Tin 
Nyachogo, Eric 
Nygaard, Benjamin 
Ogawa-Tran, Taiyo
Paramaswaran, Dharsyan
Peterson, Ryan 
Plunkett, Brian 
Sampaio Felix, 
Schmit, Michael 
Schrader, Kevin 
Senna, John
Skelton, Matthew 

Sorenson, David 
Spicuzza, Frank 
Stankovic, Ryan 
Sturdevant, Lukas
Syverson, Lauren 
Tanner, Robert 
Thome, George 
Tischer, Paul 
Victorio, Stanley
Volker, Olivia
Waataja, Michael
Wang, Jingkai
Warbritton, Alexandra 
Weirens, Vaughn
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AEM Alumnus, Bruce R. White passes away   

ALUMNI NEWS    

Dr. White obtained his Bachelor’s and Master’s degrees in Aerospace Engineering from 
the University of Minnesota in 1971 and 1972. After graduating from the University of 
Minnesota, White went on to get his Ph.D. at Iowa State University, studying dust storms on 
Mars. He then moved to University of California, Davis in 1975 and has served as Associate 
Dean of Graduate studies, Associate Dean of Academic Personnel and Planning, and Dean. 
He was nationally recognized for his work in wind studies, especially his ’90 degree’ effort 
in which he helped the San Francisco Giant’s baseball team prepare to build what is now 
known as AT&T Park by limiting the wind that would hit the field. 

Dr. Dale Enns is a world expert 
on aircraft flight control systems. 
He developed a control theory 
called Dynamic Inversion (DI) 
that has become the standard 
for multivariable control of 
modern aircraft. In 1996, the 
development of DI theory and 
his expertise in the design and 
application of control theory to 
aircraft led Dr. Enns to win the Air 

Force Research Lab (AFRL) Application of Multivariable Control 
Theory to Aircraft Control Laws Program. He was the Principal 
Investigator of the AFRL Program with sub-contractors 
Lockheed Martin Skunk Works & Tactical Aircraft Systems. Dr. 
Enns and his team developed flight control laws using three 
techniques including DI and applied them to simulations of 
three aircraft models: 1) F-16; 2) YF-22; and 3) F-117. This 
transition from classical control techniques to multivariable 
control techniques and, more specifically, Dynamic Inversion 
across industry, is attributable to Dr. Enns and this seminal 
1996 report. The greatest technical achievement of Dr. Enns’ 
career was convincing Lockheed Martin to use the Honeywell 
invented and developed Dynamic Inversion control laws as 
the basis for the F-35 Joint Strike Fighter aircraft flight control 
laws. He also developed a reusable, software implementation 
of Dynamic Inversion called Multi-Application Control (MACH). 
He used MACH to win over 20 research proposals from DARPA, 
NATO, NASA, AFRL, the US Army, and the US Air Force. He 
also applied MACH to design control laws for multiple aircraft 
including the USAF X-30 National Aerospace Plane. Dr. Enns 
was the Principal Investigator of the MQ-16 T-Hawk VTOL UAV 
and used MACH to develop the control laws. Over the last 20 
years, the use of Dr. Enns’ Dynamic Inversion control theory 
and MACH resulted in hundreds of millions of dollars in 
revenue for Honeywell. As a result of his exceptional technical 
accomplishments and their significant business impact, 
Dr. Enns was awarded the Honeywell Lifetime Achievement 
Award in February 2018.

2018 Honeywell Lifetime  
   Achievement Award

Dr. Ajit Roy was recently elected an Air Force Research Laboratory 
(AFRL) Fellow. The AFRL Fellows award, which was established 
in 1987, recognizes the most outstanding scientists and 
engineers in the areas of research achievements, technology 
development and transition achievements, and program and 
organizational leadership. Individuals selected for this honor 
represent the top 0.2% of AFRL’s professional technical staff 
and join an elite professional cadre. The six fellows awarded 
this year brings the total number of awardees since 1987 to 
191. 
Dr. Roy earned his Masters and PhD degrees from AEM in 1983 
and 1985, and he is internationally recognized in the aerospace 
science community for his exceptional scientific contributions 
and leadership in research and development of structural, 
thermal, and electronic properties of carbon materials. Some 
achievements include pioneering the development of carbon 
foam technology and maturing it to establish the manufacturing 
technology base of 11 manufacturers, assisting in transferring 
the technology to XSS-11, XSAS 11, and Autonomous Nanosat 
Guardian for Evaluating Local Space satellites and heat 
exchangers in Boeing 787-9 aircraft. He recently connected 
the physics of the atomistic scale multi-phase material 
response to bulk performance, greatly reducing empiricism in 
materials design, thus enabling innovation, development, and 
accelerated tech transition of tailored materials functionalities. 
Currently, Dr. Roy serves as the Principal Engineer and 

Group Lead for Computational 
Nanomaterials in the Nano electric 
Materials Branch of the Materials 
and Manufacturing Directorate, and 
has a total of 30 years’ experience in 
AFRL.

Air Force 
Science and Technology Award

In the News...

AEM UPDATE 13



DEPARTMENT NEWS
The AEM Professional Advisory Board (PAB) met in April, 2018. The PAB meets annually with faculty and students to evaluate 
and discuss AEM programs and provide advice on educational and professional issues. The board consists of industry 
professionals from local and national industries. The PAB board appreciated the thorough overview of the department and 
believes that this was a level of detail greater than the overview last year. They commend the department on the positive 
feedback from the students regarding the quality and content of the courses, faculty mentoring, and overall satisfaction with 
the teaching faculty which is impressive given the small size of the department.

Comments from the Board:

The external review of the AEM department took place on March 6-7, 2018. During the two-day visit, the committee met with 
representatives of most of the major stakeholders in the department, which included the Interim Dean and Associate Deans, 
department administration (Department Head, Associate Head, Director of Graduate Studies, Director of Undergraduate 
Studies), tenured faculty members, assistant professors, the Industrial Design Professor, administrative, technical and 
development staff, undergraduate students, graduate students, and post docs and research associates. The committee also 
toured the physical infrastructure, including the teaching laboratories, student project work areas, student study areas, and 
select research laboratories.

The committee was able to distill the following strengths, threats, challenges, and opportunities with respect to the AEM 
Department:

Challenges:
- AEM is significantly under resourced in terms of critical staff 
  to support unit
- Limited participation in campus-wide initiatives
- Limited support for development
- Grave need for more space for research labs and student 
  projects

Opportunities:
- New faculty have great potential and are excited to be at the university
- Communications: Chance to brand AEM programs in more popular applied
  topics
- Improve coordination of graduate curricula among sub-disciplines
- Opportunity to bring communities together for social networking
- Opportunity to use AEM seminar as a way to showcase women and other  
  diverse scholars to all department constituents
- Shepherd Lab represents an opportunity for reallocation of space

Strengths of AEM:
- Strong community of faculty scholars in AEM
- Very research active faculty
- Excellence in teaching
- Strong mentorship of junior faculty in a variety of ways
- Department faculty extremely collegial

- Believe the Aerospace Industry across the country can support a larger program
- Believe the department should maintain presence in local high schools to encourage students to pursue Aerospace 
  Engineering
- Support and advertise the department, particularly through freshman seminars
- Consider establishing a freshman level airplane/aviation design related seminar
- Provide more exposures and guidance for students along with more opportunities to practice oral presentation skills

According to the committee, “the Aerospace Engineering and Mechanics Department (AEM) at the University of Minnesota 
has a long tradition of excellence in aerospace engineering and engineering mechanics. AEM combines the two disciplines of 
aerospace engineering and applied mechanics, but the research and teaching in these areas are seamlessly integrated into a 
single academic enterprise. The faculty have expertise in the core foundations of aerospace engineering and mechanics: fluid
dynamics, solid mechanics and materials, and aerospace systems... Faculty also have strong external collaborations, both 
nationally and internationally. The department’s research informs and complements both the undergraduate and graduate 
programs.”
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DEPARTMENT NEWS

DONATION

Seagate has a close partnership with the University of Minnesota and currently funds 12 research projects at the University. 
In the last four years, they also hired more graduates from the University of Minnesota than any other university. Over one 
hundred UMN graduates have been hired at Seagate within the last 7 years and over four hundred current employees have a 
degree from the University. Seagate’s largest number of hires from any one institution is the University of Minnesota.

The technology company, Seagate, generously donated a large amount of equipment. Almost 200 pieces of equipment were 
given to the Department of Aerospace Engineering and Mechanics, the Department of Mechanical Engineering, and the 
Department of Electrical and Computer Engineering.

The Department wants to recognize the following individuals for their efforts and diligence in this process. Mark Dubé, Jim 
Fisher, and the team at Seagate were all responsible for the planning process in the donation, identifying working equipment, 
and working alongside the Department in this project. Professor Peter Seiler managed the initial arrangements with Seagate 
and also polled the other departments for interest. Kale Hedstrom headed the project by organizing and distributing equipment 
to the departments. Eli Muno meticulously sorted, unpacked, and numbered each piece of equipment which effectively 
streamlined the process. These individuals made the donation process possible, and the Department offers them much 
gratitude and appreciation.

The Reach

A signal analyzer, accelerometers, and amplifiers were placed and will be utilized well in the Aeromechanics Lab (AEM 4602). 
As AEM’s main undergraduate lab class, between 70 to 80 students will be handling the equipment each year.

The small satellite lab received a new spectrum analyzer, oscilloscope, power supply and multimeter. The equipment will be 
used by the roughly 20 AEM and 10 Physics students involved in the CubeSat project.

Seagate’s donation to the Uninhabited Aerial Vehicle (UAV) lab has an impact on both research and education. The high-
speed oscilloscope, DMMs, power supplies, and waveform generator will be used to further leading research on navigation, 
guidance, and flight control systems. This will enable future commercial aircraft and small UAVs that are significantly safer 
and more fuel efficient. The equipment from Seagate will support education by bringing real-world aircraft development and 
flight testing experiences into undergraduate and graduate level courses. This directly impacts students in AEM 5333 - Design, 
Build, Model, Simulate, Test and Fly Small Uninhabited Aerial Vehicles. The equipment also impacts 20 undergraduate and 
10 graduate research assistants working on research projects at any given time.

The equipment will also enhance Aerospace Engineering Research. The new high speed oscilloscopes will greatly improve 
the ability of researchers to measure vibration modes. Approximately 10 graduate students per year will be using these 
oscilloscopes. In addition, the network analyzer will be used by graduate students doing GPS research.

NASA’s MN Space Grant Consortium (led by the AEM Department): Freshman Seminars and Stratospheric Ballooning Team 
is also impacted by the donation. Between freshman seminar(s) (about 20 students each year) plus the ballooning team 
(another 15 students, with some overlap), this equipment will benefit about 30 students per year.

Other AEM facilities and courses, including Senior Design Lab (AEM 4333), are impacted by similar equipment. AEM 4333 
will use the equipment for testing done in the senior design course and this will impact around 20 students per year.

The Department is truly grateful to Seagate’s generosity and thoughtfulness and is looking forward to the success and 
progress brought by students and faculty utilizing this equipment.
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Professor James and Oxford Mathematics

Professor Richard James 
presented a lecture, 
‘Atomistically Inspired 
Origami,’ with Oxford 
Mathematics Public 
Lectures - Hooke Lecture 
on Tuesday, June 26, 
2018.

The lecture was livestreamed on the Oxford University Podcasts page, and the video is available for viewing on 
https://z.umn.edu/3kvt.

According to the abstract on Professor James’ lecture, the World population is growing at about 80 million per 
year. As time goes by, there is necessarily less space per person. Perhaps this is why the scientific community 
seems to be obsessed with folding things. In this lecture Professor James presents a mathematical approach to 
“rigid folding” inspired by the way atomistic structures form naturally - their features at a molecular level imply 
desirable features for macroscopic structures as well, especially 4D structures. Origami structures even suggest 
an unusual way to look at the Periodic Table.


