Transformational Flight

Papers Presented at the AIAA Aviation Forum 2023

San Diego, California, USA
12-16 June 2023

Volume 1 of 2

ISBN: 978-1-7138-7829-2



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

The contents of this work are copyrighted and additional reproduction in whole or in part
are expressly prohibited without the prior written permission of the Publisher or
copyright holder. The resale of the entire proceeding as received from CURRAN is
permitted.

For reprint permission, please contact AIAA’s Business Manager, Technical Papers.
Contact by phone at 703-264-7500; fax at 703-264-7551 or by mail at
12700 Sunrise Valley Drive, Suite 200, Reston, VA 20191, USA.



TABLE OF CONTENTS

VOLUME 1

ADVANCED REGIONAL AIR MOBILITY

Regulatory Considerations for Future Regional Air Mobility Aircraft..........cccccveevieciiiiieniienicecieceeceeeeieene 1
Nicholas K. Borer, Nathaniel J. Blaesser, Michael D. Patterson

The Business Case for Regional Air Mobility at SCale .........cceeiiiiiiiiiiieieeeee e 17
lan Villa, Laura A. Morejon Ramirez, Mark Moore

ADVANCED AIR MOBILITY NOISE I (JOINT AA/TF) - MODELING

Multi-Fidelity Numerical Approach to Aeroacoustics of Tandem Propellers in eVTOL Airplane

Francesco Caccia, Luca Abergo, Alberto Savino, Myles Morelli, Beckett Yx Zhou, Giulio
Gori, Alex Zanotti, Giuseppe Gibertini, Luigi Vigevano, Alberto Guardone

A Moving Source Model for Rotor Broadband NOISE..........cceiiriririeieieieie et 56
Charles E. Tinney, John A. Valdez, Yingjun Zhao

Noise Characterization of Multi-Propeller Under Static Conditions in HOVeT ........c.cccccovevinineniiniciiencnencnns 74
Mansi Bhardwaj, Philip C. Woodhead, Max M. Scholz, Tze Pei Chong

TRANSFORMATIONAL AIRCRAFT SYSTEMS AND CONCEPTS

Solid-State Electroaerodynamic Uncrewed Aircraft for Near-Silent Package Delivery..........ccccoceveienencnenne. 88
Arthur J. Brown, Nicolas Gomez-Vega, Steven Barrett

Flight Performance Evaluation of the FIYIng-V .......ccccccoviiriiiiiiieeeeee et 128
Godert J. De Zoeten, Carmine Varriale, Roelof Vos

Impact of Control Allocation Methods on the Design of Control Surface Layouts for Box-Wing

Aircraft Under Flying Qualities CONSIIAINTS. ........coeiirietieieierieseite ettt ettt te et sbe et eseeseesseseessesbeseeeseeneens 148
Nicolas F. Wahler, Carmine Varriale, Gianfranco La Rocca

CONCEPTS FOR ADVANCED REGIONAL AIR MOBILITY

Distributed Sensing and Reasoning for Advanced Air Mobility Health Management and Mission
AASSUTANCE ...ttt ettt et ettt ea ettt et et e st s bt se e eh e e at e st et et e et se e e bt e bt ea e et e st et et e ebesh e e bt eat et et et e b na bt eaeeaee 167
George E. Gorospe, Corey A. Ippolito, Kelley E. Hashemi

Network Level Performance of In-Flight Recharge for Hybrid-Electric Regional Aircraft ..........c.ccceeveennennee. 175
Michael A. Fredricks, Cedric Y. Justin, Dimitri N. Mavris

Design and Evaluation of Novel General Aviation Aircraft Concepts with a Fully Integrated Power
Train for Regional Al MODIIIEY .....coouiiiiiiiie ettt ettt et et e st e et e 201
Florian Will, Felix Ladwein, Thomas Zill



Distributed Electric Propulsion and Vehicle Integration with Ducted Fans ...........ccccccevenncnnincicncnennn 216
Devon Jedamski, Vineet Ahuja, Eduardo J. Alvarez, Vinod K. Lakshminarayan, Mark Moore

Unlocking Low-Cost Regional Air Mobility Through Whisper Aero-Propulsive Coupling ...........cccceeeeuennene. 242

Mark Moore, Xiaofan Fei, Devon Jedamski, Aaron Perry, Laura A. Morejon Ramirez, lan
Villa, Vinod K. Lakshminarayan

ADVANCED AIR MOBILITY NOISE II (JOINT AA/TF) - COMMUNITY NOISE

Development of a Community Noise Prediction Code for e-VTOL Vehicles .........ccccevveiieiieiinienieneeenee. 279
Hyeonin Cho, Tae-Hwan Cho, Wanho Jeon, Youngmin Jo

Flight Procedure and Community Noise Modeling of Advanced Air Mobility Flight Vehicles....................... 290
Nathan Yeung, Jessica De La Cruz, Victoria R. Pellerito, Zhishen Wang, Melissa Lepe,
Jacqueline L. Huynh, R J. Hansman

Community Noise Impact of Multirotor Configurations During Landing Procedures..........ccccccoeovenvenrenennee. 310
Jeongwoo Ko, Brian German, Juergen Rauleder

On the Modeling of UAM Aircraft Community Noise in AEDT Helicopter Mode ..........ccecveeverieneenieenennen. 329
Stephen A. Rizzi, Menachem Rafaelof

Community Noise Impact of Urban Air Mobility Aircraft with Noise Propagation Effects ............cccccoeenee. 345
Juan N. Miranda, Seongkyu Lee

An Open-Source Framework for Modeling Aircraft Noise in Urban Environments...........ccccoceeceereiencnennnn 367
Matthew A. Clarke

IMPROVED CERTIFICATION AND SAFETY ASSURANCE APPROACHES FOR EXISTING
OR NEW CONCEPTS

Revisiting "Critical-Engine-Inoperative" Conditions for Distributed Hybrid-Electric Aircraft ....................... 387
Jiacheng Xie, Mayank V. Bendarkar, Yu Cai, Dimitri N. Mavris

Investigation of Energy Reserve Requirements for eCTOL Aircraft Using a Trajectory Energy
Management STMULATION. .........coiieiieiieee ettt ettt et et esb e e te e beemee st e eseesaeeteenseeneeeneesneenneennes 414
Johannes Verberne, Yoonjae Lee, Cedric Y. Justin, Dimitri N. Mavris

Automated Identification of Phase of Flight Via Probabilistic Clustering for General Aviation
OPEIALIONS ...eevviiiieuiieetieeteettestee st eteeaeesteeseesseesseesseessesssesssesseessaesseasseassesssesseensaesseassesssessaesseesseassesssenseenseensenssens 442
Georgios Georgalis, Nicoletta Fala

An Extended MBSE Framework for Regulatory Analysis of Aircraft Architectures ............cceeeveereeneenenee. 453
Mayank V. Bendarkar, Evan Harrison, Taylor M. Fields, Stephen Glinski, Elena Garcia,
Dimitri N. Mavris

Designing eVTOL and UAM Aircraft for Flight Safety, EMP, EMI and HIRF Resistance, FAA
Certification, Insurability, Ground Safety and Community ACCEPLANCE..........cecveeverrverieerieeriereerieneeenieeeeennens 468
Ronald M. Barrett-Gonzalez, Mason Denneler, Zach Schwab, Micaela Crispin

Safety Implications of Pilot Incapacitation Occurrences for Future Single Pilot Operations..............cccceeuene. 482
Alexander Somerville, Timothy Lynar, Graham Wild



ADVANCED AIR MOBILITY OPERATIONS

MROPort for Airworthiness Checks of VTOLSs in a Future-Proof Environment ................cccoeeovvieeiiinineenn. 493
Jil Eltgen, Thorsten Schiippstuhl

Optimized Capacity Allocation in a UAM Vertiport Network Utilizing Efficient Ride Matching................... 503
Majed Swaid, Jan Pertz, Malte Niklaf3, Florian Linke

VOLUME 2

Rotorcraft Takeoff Analysis and Classification to Detect Outlier Operations that Could Present a
SALEEY RISK ...ttt ettt et ettt e et et e et e et e en e e n b e e taeesee st e seenseenbeeneeente st enseenteenreas 518
Gabriel Achour, Ricardo F. Silva, Alexia P. Payan, Charles C. Johnson, Dimitri N. Mavris

Ranking Model for Identifying Critical Blockage of Airspace Leading to Significant Airfield

B0 TS] 03 1 Lo RS PSRPRRP 538
Huang Feng, Yu Zhang

EVTOL TECHNOLOGIES

Modular Advanced Aerial Mobility Systems (IMAAMS) ......ooiiiieieeeeeee e 545
Weng Kheong Loh, Jamey D. Jacob, Marc Hartman, David Zahn

A Preliminary Acoustic Prediction Approach for Ducted Coaxial Rotors of eVTOL in UAM...........ccccenee. 558
Laura Babetto, Johannes Goetz, Eike Stumpf

An Investigation into the Electrification of an Advanced Tiltrotor Concept ..........ccovvevueereeieeienieneeneeeeenee. 571
Geoff Chen, Julius M. Vegh, Andrew Milligan

Weight Fraction Estimation for eVTOL Vehicle SiZing ......c..ccovieiiiiieniiiiiiiecieseeseeie et 585
Seongwoo Shim, Chihyun Ahn, Yooho Chang, Wonseok Cha, Minho Hwang, Sunhoo Park,
Sang Joon Shin

X-57 MAXWELL LESSONS LEARNED

Development of the Mod I X-57 Piloted Simulator and Flying Qualities Predictions...........ccccoeceeveeneenennee. 603
Ryan D. Wallace, James Reynolds, J. Dana McMinn, Michael Frederick, Nicholas K. Borer,
David Cox

X-57 Cockpit Display System Development and FEatures..........c..ccevvvevieriiriieciiiiesienieeieeee e 621

Sean C. Clarke, Adam Curry, Aamod Samuel

INTERNATIONAL POWERED LIFT CONFERENCE (IPLC): V/STOL DESIGN AND
AERODYNAMICS

Deflected Slipstream Airfoil for VTOL Hover Enabled by CoFlow Jet, Part I: Design and
STMULATION ...ttt sttt sttt sttt st b e s bbbt et sa et e bbbt bt ebe st et besae e ene e 633
Gecheng Zha, Yan Ren

Generating Structural Weight Estimation Equations for a Category of UAM Aircraft .........cccooevveiieneennnee. 651
Shaadi Sabeti, Thomas Nascenzi, Timothy Cuatt, Tyler F. Winter, Marius L. Ruh, Darshan
Sarojini, John T. Hwang



Simulation of a Single Rotor and a Quadrotor Hovering in Full and Partial Ground Effect...............cc.ce....... 668
Denis-Gabriel Caprace, Patricia Ventura Diaz, Steven Yoon

Control Stability Study of a Tailless High-Speed Tandem-Wing VTOL Vehicle Using CoFlow Jet................ 688
Brendan McBreen, Jeremy S. Boling, Yan Ren, Gecheng Zha

Flettner-Rotor-Powered VTOL’s Theoretical Performances.............ccveveeeuviieeeeeeeieieee e 705
Satoki Shimamune, Dmitry Ignatyev

INTERNATIONAL POWERED LIFT CONFERENCE (IPLC): V/ISTOL CONTROL
AUTHORITY AND SAFETY

Cascaded Nonlinear Dynamic Inversion Applied to a Fixed-Wing Distributed Electric Propulsion
AATTCTATE .ttt b ettt bttt b e e bt et ettt b e bt bbbt et et be bbb et eaee 716
Johannes S. Soikkeli, Drago Matko, Thomas Koopman

The Stopped RotOr — @ NEW DESIZN ......eeiiiiitiiiieiieieie ettt sttt ettt be ettt et ente e e sesaeeeeenes 740
Gerald E. Brown, Vivek Ahuja

PROPELLER, ROTORCRAFT AND V/STOL NOISE VIII: MULTIROTOR (JOINT AA/TF)

Effects of Varying Separation Distance on the Acoustics and Performance of Counter-Rotating
C0aXIAL ROTOTS. ...ttt ettt sttt sttt st e et st b st eeaeeae e s enens 770
Eric McThane, Raja Akif Raja Zahirudin, Aaron Hafner, Eric Greenwood, Jose Palacios

Aerofoil Geometry Effects on the Interaction Noise of Co-Axial Contra-Rotating Rotors..........cccccceveuennene. 783
Sergi Palleja-Cabre, Chaitanya C. Paruchuri, Phillip Joseph

Aeroacoustic Characteristics of Distributed Electric Propulsion Configuration with Turbulent
FLOWS 1ttt ettt ettt b e st h e e bt a et a et hesa e bt et et et e b b sa b et eaee 798
Luke Bowen, Burak Turhan, Hasan Kamliya Jawahar, Djamel Rezgui, Mahdi Azarpeyvand

Aerodynamic and Acoustic Interaction Effects of Adjacent Propellers in Forward Flight............cccccoevvennenen. 817
Alessandro Zarri, Alexandros Koutsoukos, Francesco Avallone

Aeroacoustic Characteristics of Distributed Electric Propulsion System in Forward Flight..................c......... 833
Burak Turhan, Hasan Kamliya Jawahar, Luke Bowen, Djamel Rezgui, Mahdi Azarpeyvand

GENERAL TOPICS IN AVIATION II VIRTUAL SESSION

Collision Severity Analysis of Quadrotors on Covered Linkways for Ground Risk Assessment in
Urbanized ENVITONIMENTS .....cc.eiuteuiiieiiiestieteete ettt ettt sbesh e bttt e b et s b bt e bt e st en s et et e sbesbeebeenean 849
Mohd Hasrizam Che Man, Anush K. Sivakumar, Nathaniel Ng Jingwei, Kin Huat Low

Simulation of Laser Induced Breakdown and Heating of OXygen Gas..........cccceereereeieiieenienienieeieeeeee s 863
Kenneth A. Croft, George Ashe, Trevor M. Moeller

A Particle-Based Direct Numerical Simulation Model for Turbulence-Cloud-Aerosol Interactions................ 891
Abdullah Al Muti Sharfuddin, Foluso Ladeinde



Sanal Flow Choking and/or Sonic-Fluid-Throat Effect Reconfirms the Chapman—Jouguet
Condition of Detonation Propagation and CEaSES .........cceerierierieriieiierierieeee ettt eee et e e nee e 901
V. R. Sanal Kumar, Raunak Sharma, Vinay Dekkala, Saatvik Sharma, Vigneshwaran
Rajendran, Vigneshwaran Sankar, Dhruv Panchal, Yash Raj, Amit Kushwaha, Hindool
Sharma, Rohan Sharma, Arwa Farhat Abbas, Vignesh Saravanan, Nichith C, Ajith S, Sulthan
Ariff Rahman M, Rohan Sarswat, Prathit Kalra, Srajan Shrivastava, Tejas Sandeep Kapatkar,
Prisha K. Asher, Bhavya Saxena, Tanishka Varma, Sagnik Saha, Sobia Raza, Tanisha Singh,
Maansi Srivastava

Shock Standoff Distance in Viscous Hypersonic Flows Around a Blunt Body...........cccoeevreiinieniiniiieienns 921
Himanshu Khatri, Liwei Zhang

PROPELLER, ROTORCRAFT AND V/STOL NOISE X: UAM/AAM (JOINT AA/TF)

Hovering Medium Sized UAM Rotor Noise Experiments and Multifidelity Predictions ............ccccecevenuennene. 938
Alexander Truong, Chloe Johnson, Jayant Sirohi

Acoustic Liners Integrated in Rotor Blades of Unmanned Air Vehicles ..........ccceceeievieninininininnecicncneenn 950
Santiago Montoya-Ospina, Frank Simon, Romain Gojon, Hélene Parisot-Dupuis

Acoustic Predictions for Side-By-Side Air Taxi in Full Configuration ............c.cceceeeeieneneneiieieeeeeee 980
Jared Delatorre Wakefield Sagaga, Seongkyu Lee

Aerodynamic and Sound-Scattering Effects in Rotor-Strut Interaction Noise of Small-Size Drones............. 1004
Michel Roger, Emma Vella, Jose Rendon, Stephane Moreau

ACTOACOUSTICS OF IDIOMNES. .. ceiiiiiiiiiiieiiee ettt e e e e ee et e e e s e et eeeeeeeeesataereeeeeeesastaareeeeeesansraneeseeeaan 1026
Jean-Samuel Lauzon, Jonathan Vincent, Yann Pasco, Frangois Grondin, Stéphane Moreau

Author Index





