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Year 5 Annual Report — Volume 2

COE CST YEAR 5 ANNUAL REPORT - VOLUME 2

This report is produced by the FAA Office of Commercial Space Transportation in fulfillment of
FAA Centers of Excellence program requirements.

The full report is broken into an Executive Summary and three volumes:

e The Executive Summary gives an overview of the FAA AST, the FAA COE program and
the COE CST. A brief description of the member universities precedes a series of “quad
charts,” one for each task conducted by the COE CST during the fifth year of operation.
The document ends with a listing of the Year 5 students, supporting organizations and
technical publications.

e Volume 1 gives a description of the FAA COE CST, its research, structure, member
universities and research tasks.

e Volume 2 is a comprehensive set of presentation charts of each research task as presented
at the fifth Annual Technical Meeting in October 2015 held in Arlington, VA.

e Volume 3 is a comprehensive set of notes from all FAA COE CST teleconferences and
face-to-face meetings.

This is Volume 2 of the full report.

Any questions or comments about the content of this report should be directed to Mr. Ken
Davidian, FAA Program Manager for the Center of Excellence for Commercial Space
Transportation, or Dr. Patricia Watts, FAA COE Program Director.



FAA Center of Excellence for Commercial Space Transportation

Introduction

This report includes a comprehensive set of presentations for each research task as presented at
the fifth Annual Technical Meeting in October 2015 held in Arlington, VA.

Below is the order of the non-technical presentations as they appear in this document:

“COE CST Fifth Annual Technical Meeting (ATM4) Status™ presented by Mr. Ken
Davidian, FAA Program Manager for the Center of Excellence for Commercial Space
Transportation.

Below is the order of the technical presentations as they appear in this document:

Task 185 «“ Near-Elimination of Airspace Disruption from Commercial Space Traffic
Using Compact Envelopes” presented by Tom Colvin and Juan Alonso of Stanford
University (SU).

Task 186 «“ Space Environment MMOD Modeling and Prediction” presented by Sigrid
Close and Alan Li of Stanford University (SU).

Task 187 “Space Situational Awareness” presented by D.J. Scheeres and In-Kwan Park
of University of Colorado, Boulder (CU).

Task 220 “Update” presented by Patricia C. Hynes, Ph.D. of New Mexico State
University (NMSU).

Task 244 “ Autonomous Rendezvous & Docking for Space Debris Mitigation” presented
by Bungo Shiotani and Pl: Norman Fitz-Coy of University of Florida (UF).

Task 244 “ Autonomous Spacecraft Rendezvous and Docking: Rapid Trajectory
Generation” presented by Griffin Francis and PlI: Emmanuel Collins of Florida State
University (FSU).

Task 329 "Tracking and Monitoring Suborbital Commercial Space Vehicles" presented
by Dr. William H. Ryan of New Mexico Tech (NMT).

Task 331 “ Optimal Aircraft Rerouting During Commercial Space Launches” presented
by Rachael Tompa and Mykel Kochenderfer of Stanford University (SU).

Task 228 “Magneto-Elastic Sensing for Structural Health Monitoring (SHM)” presented
by Andrei Zagrai and Warren Ostergren of New Mexico Institute of Mining &
Technology (NMT).

Task 241 “ High Temperature, Optical Sapphire Pressure Sensors for Hypersonic
Vehicles” presented by PI: William Oates, PhD Students: Justin Collins, Harman Singh
Bal, Peter Woerner of Florida State University (FSU).

Task 253 “ Ultrahigh Temperature Composites for Thermal Protection Systems (TPS)”
presented by Chris Harris, Jay Kapat, Jan Gou of University of Central Florida (UCF).
Task 293 ““ Reduced Order Non-Linear Structural Model” presented by Donghyeon Ryu,
Ph.D. of New Mexico Institute of Mining & Technology (NMT).

Task 299 “Nitrous Oxide Composite Case Testing” presented by PIl: Warren Ostergren
and Co-Pls: Bin Lim, Andrei Zagrai of New Mexico Institute of Mining & Technology
(NMT).

Task 311 "Fire and Hazard Detection for Space Vehicles Using LEDs" presented by
Justin Urso, Michael Villar, Kyle Thurmond, Zachary Loparo, Dr. Jayanta Kapat, Dr.
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Subith Vasu of University of Central Florida (UCF) and Dr. Bill Partridge Jr. of Oak
Ridge National Laboratory.

Task 325 “Optical Measurements of Rocket Nozzle Thrust and Noise ” presented by
PI(s): Rajan Kumar & Farrukh Alvi and Student: Griffin Valentich of Florida State
University (FSU).

Task 308 “Assessment of Screening and Training Requirements for SFPs Regarding
Anxiety During Repeated Exposures to Sustained High Acceleration" presented by James
Vanderploeg, MD, MPH of University of Texas Medical Branch (UTMB).

Task 309 “ Assessment of Screening and Training Requirements for Pilots with Repeated
Exposures to Sustained High Acceleration” presented by James Vanderploeg, MD, MPH
of University of Texas Medical Branch (UTMB).

Task 310 “ Assessment of Methods, Procedures, and Technologies Available for
Protection of SFPs in Commercial Spaceflight Vehicles” presented by James
Vanderploeg, MD, MPH of University of Texas Medical Branch (UTMB).

Task 320 “ Commercial Spaceflight Risk Assessment and Communication” presented by
Professor David Klaus and Robert Ocampo of University of Colorado, Boulder (CU).
Task 193 “Research Roadmapping Workshops” presented by Scott Hubbard, Jonah
Zimmermann, and Juan J. Alonso of Stanford University (SU).

Task 193 “ Role of COE CST in EFP ” presented by PI: George H. Born and Bradley
Cheetham of University of Colorado, Boulder (CU).

Task 305 “Space Transportation Industry Viability” presented by Dr. Scott Benjamin,
Taylor Smith, and Arion Gray of Florida Institute of Technology (Florida Tech).

Task 324 “Deregulation Lessons from the Internet” presented by Dr. Ward Hanson and
Dr. Greg Rosston of Stanford University (SU).

Task 304 “Insurers as Regulators of Space Safety and Sustainability” presented by Dr.
Ram Jakhu and Andrea Harrington of McGill University (MU) and Florida Institute of
Technology (Florida Tech).

Task 306 " UAT ADS-B Research and Demonstration for Commercial Space
Applications: Progress Report" presented by Richard S. Stansbury and Students: Brandon
Neugebauer, Dominic Tournour, Dylan Rudolph, Richard Day, and Yosvany Alonso of
Embry Riddle Aeronautic University (ERAU).

Task 332 ““ Assessing Rural Airports for Drone and RLV Use Using the Draper-Santos
Projection Methodology” presented by Professor Aaron Santos, Dr. Chris Draper,
Kristina Smith, Nick Joslyn, and Mackenzie Finnegan of Simpson College/Stanford
University (SIM/SU).

Evaluating Space Launch Vehicle / Reentry Vehicle (LV/RV) Separation Concepts and
Standards presented by Zheng Tao and Ganghuai Wang of MITRE.

Launch Vehicle/Reentry Vehicle (LV/RV) National Airspace Systems (NAS) Effect
Assessment presented by MITRE.
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Agenda

 Team Members

» Challenges and Motivation
» Task Description

» Test Facilities

« Schedule & Milestones

* Nozzle Design

* Future Work

COE CST Fifth Annual Technical Meeting (ATM5)

October 27-28, 2015
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Team Members

* Team
* Rajan Kumar & Farrukh Alvi
 Griffin Valentich

* Organizations Involved
« FSU / FCAAP
» Space Florida
« SpaceX
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Challenges & Motivation

70% accidents In aerospace missions are due to engine
malfunction or propulsion system failures!!
Rocket propulsion studies are limited (only National
Labs. & big corporations)
* High temperature and pressure environment
« Complex chemistry — unstable fuels
« Large scale tests are expensive & require
specialized rigs
- Need to develop high temperature pressure
sensors — activity initiated under COE-CST
- Measure steady and transient loading on the
nozzle and ground surface — material
characterization
- Jet plume development and flow field analysis
- Nearfield & farfield noise measurement and
prediction tools
Study of next generation hybrid fuels

COE CST Fifth Annual Technical Meeting (ATM5)

October 27-28, 2015



Tasks Description

Development of a research plan based on state-of-art
thrust and noise measurement techniques.

Discussion with NASA /commercial launch engineers to
ensure the transition of technology from laboratory to full-
scale implementation.

Design of a scaled nozzle and simulate realistic
temperature and pressure conditions of the jet exhaust in
the FSU jet facility

Design and develop advanced optical techniques for thrust
measurements and characterize its performance at
controlled conditions.

Refine and test the measurement techniques over a wide
range of test conditions.

<
[e0]

COE CST Fifth Annual Technical Meeting (ATM5)

October 27-28, 2015



Test Facilities

Jet

Laser Sheet

e® Operational/Test Capabilities Sheet-forming Optics.
o L aad . *Mach Number =0.5-2.5
FY A *T,=70- 2000 F
D, =25.4-76.2mm
Nozzle Nfﬁ? = Under-ideal-over
Ground Plate with  expanded
Transducer Block <Anechoic chamber: 5.8 m x 5.2

m X 4.0 m, Calibrated to 100 Hz

COE CST Fifth Annual Technical Meeting (ATM5)

October 27-28, 2015




Thrust Measurements

Avg_Vx: 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 290

F=F,+F,

l l

Measured Measured using
using PIV  Pitot-static probe
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Schedule and Milestones

\

COE CST Fifth Annual Technical Meeting (ATM5) (de]S pumm
October 27-28, 2015 /C ) ;



Preliminary Nozzle Design

$3.082

89

Thrust optimized parabolic (TOP)
contour nozzle

Design Mach Number: 5.6
A/A* = 38

COE CST Fifth Annual Technical Meeting (ATM5)

October 27-28, 2015




Future Work

*Discussion with NASA / commercial launch
manager (SpaceX).

*Detailed design to suit FSU jet facility and
fabrication of TOP nozzle

*Instrumentation of jet facility to measure mass.
flow rate, exhaust velocity and pressure
distributions at the nozzle exit

COE CST Fifth Annual Technical Meeting (ATM5)

October 27-28, 2015
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