
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 979-8-3313-3497-0 

High-Speed Air-Breathing 
Propulsion 

Orlando, Florida, USA 
12-16 January 2026 

 

Papers Presented at the AIAA SCITECH 2026 Forum 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. 

Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

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



TABLE OF CONTENTS 

 

MXOD Flight 1: Program & Experiment Overview ............................................................................................ 1 

Spencer Smith, Adam R. Kotler, Justin D. Sprunger, Samantha Keene, Andrew Shack, Jack 

Koller, Kareem A. Ahmed 

MXOD Flight 1: Numerical Pre-Flight Predictions ........................................................................................... 10 

Egan J. Rigney, Ral Bielawski, Spencer Smith, Justin D. Sprunger, Kareem A. Ahmed, Nate 

Michnoff 

MXOD Flight 1: Modular Ground Test Article for Pre-Flight Validation .......................................................... 20 

Emil Alunno, Justin D. Sprunger, Spencer Smith, Erik R. Fernandez, Kareem A. Ahmed 

MXOD Flight 1: Structural Architecture & Material Selection .......................................................................... 25 

Spencer Smith, Adam R. Kotler, Aleksandr Y. Zhuchkan, Thomas J. Morris, Subhan Wade, 

Tyler Dore, Andrew La Sorsa, Kareem A. Ahmed 

MXOD Flight 1: Feed System and Electronics Architecture .............................................................................. 35 

Jack Koller, Andrew Shack, Adam R. Kotler, Spencer Smith, Yehoshua Fuentes, Asim Siddiqi, 

Reverea Fodor, Gabby Gonzalez, Justin D. Sprunger, Kareem A. Ahmed 

Distributed Pulse Detonation Ignition of a Scramjet Cavity .............................................................................. 47 

Timothy Ombrello, Campbell D. Carter, Chung-Jen Tam, Kuang-Yu Hsu, Lin Ma 

Investigating the Effect of a Shock Train on Fuel Injection and Entrainment into a Cavity-Based 

Flameholder ........................................................................................................................................................ 55 

Erik Braun, Timothy Ombrello 

Comparison of Hypermixer Geometries in an Axisymmetric Supersonic Combustion Flowpath ..................... 62 

August D. Beck, Nozomu Kato, Mitchell A. D'Agostino, Kyungrae Kang, Isabella Gessman, 

Jie Lim, Arthur Paganini, Gyu Sub Lee, Tonghun Lee, Eric Mayhew, Jacob Temme, Chol-Bum 

M. Kweon 

The Moving Shocks in the Ethylene Transverse Jets in Supersonic Crossflow ................................................. 73 

Ziao Zhang, Callum Watson, Nicholas Howell, Boyang Li 

Experimental Investigation of Shock Train Dynamics Under Various Fuel Injection Schemes in a 

Mach 2.5 Cavity Combustor ............................................................................................................................... 81 

Sumit Lonkar, Pratikash P. Panda 

Numerical Exploration of the Flame Regimes in a Mach 7 Axisymmetric Combustor Experiment .................. 89 

Clara Helm, David M. Peterson 

CFD Comparison of Hydrogen and Ethylene Fuel in Hypersonic Scramjets ................................................... 103 

Delaney J. Baumberger, Turner Marr, Jeffrey J. Doom 

Numerical Simulations of Supersonic Multi-Component and Reacting Flows: Towards Combustion 

in a Supersonic Cavity ...................................................................................................................................... 121 

Sean Bokor, Amareshwara S. Chamarthi, Natan Hoffmann, Steven Frankel 

An Aero-Thermodynamic Analysis of Idealized Scramjet Configurations ...................................................... 142 

Frederick Ferguson, Mookesh Dhanasar, John Kizito 



Combined Cycle Propulsion Systems: A Review of Engine Configurations and Performance 

Considerations .................................................................................................................................................. 161 

Ryan C. McGowan, Anindya Ghoshal 

Turbine-Based Combined Cycle Design and Performance Up to Mach 5.0 .................................................... 172 

Zoe Ashford, Vassilios Pachidis, Simon A. Prince 

Aerothermodynamic Analysis of an RDE-Augmented Scramjet ..................................................................... 191 

Andrew La Sorsa, Eli Kaminsky, Gerardo A. Rodriguez, Grant Miller, Kareem A. Ahmed 

Virtual Flight Controls for High Speed Flight .................................................................................................. 197 

John Bulmer, Brice Hall, Kadyn Tackett, Jake Blue, Sabrina Eddy, Chris Kovacs, Timothy J. 

Haugan, Honghai Song, Je-Hyeong Bahk 

Utilizing Liquified-Petroleum-Gas (LPG) Fuels and Liquid-H2 to Improve the Thermal-Lift-

Capacity of Aerospace Platforms ..................................................................................................................... 214 

Timothy J. Haugan, Chris Kovacs 

Feasibility Assessments of a Unique Additive Manufacturing Method for Functionally-Graded 

Solid Fuel Ramjet Propellants .......................................................................................................................... 224 

Ryan J. Thibaudeau, Stephen A. Whitmore 

Experiments and Simulations of the Cascaded Multi-Stage Impinging Jet Fuel Combustion in Solid 

Fuel Ramjets ..................................................................................................................................................... 241 

Giuseppe Gallo, Lance Bancalso, Hikaru Sakurai, Harunori Nagata 

PMMA Flammability Limits in a Small-Scale Slab Burner ............................................................................. 254 

Peter Pecic, William Todd, John Patten, Nelson J. Padilla, Charles R. Clark, Kareem A. 

Ahmed 

Diverging Combustor for Solid Fuel Scramjets ............................................................................................... 261 

Nelson J. Padilla, Peter Pecic, Hunter Basset, John Patten, William Todd, Kareem A. Ahmed 

RANS-Fidelity Modeling and Control of Solid Fuel Ramjets .......................................................................... 273 

Alexandre Boueri, Kyle M. Hanquist, Parham Oveissi, Ankit Goel 

Evaluation of Turbulent-Combustion Models for a Hydrogen Fueled Scramjet Engine using RANS 

Simulation ........................................................................................................................................................ 290 

Si-Yoon Kang, Bu-Kyeng Sung, Jae-Eun Kim, Jeongyeol Choi 

High-Order Flux Reconstruction for the Implicit Large Eddy Simulation of an Axisymmetric 

Scramjet Combustor ......................................................................................................................................... 299 

Tommy S. Koeplinger, Caleb Hash, Jack R. Edwards, Seth C. Spiegel 

Unsteady Flamelet Progress Variable Modeling in a Discontinuous Galerkin Framework: 

Implementation, Optimization and Demonstration .......................................................................................... 317 

Sinan Demir, Pierson Guthrey, Brian T. Bojko, Ryan F. Johnson 

Application of the Dynamic Zone Flamelet Model to High-Speed Turbulent Combustion ............................. 330 

Gabe G. Holum, Graham V. Candler 

Numerical Simulation of Scramjet Combustion in Thermo-Chemical Non-Equilibrium Within an 

Arc-Heated Direct Connect Facility ................................................................................................................. 348 

Samuel S. Richardson, Jack R. Edwards 

Large Eddy Simulation of Ethylene-Air Combustion in High Speed Flow Environments .............................. 366 

Dhruv Purushotham, Joseph C. Oefelein 



Droplet Identification in an Interface Capturing Volume of Fluids Approach for Liquid Jet in 

Supersonic Crossflow ....................................................................................................................................... 384 

Oliver Gibson, Michael J. Ullman, Shivank Sharma, Venkatramanan Raman 

Numerical Simulation of Ethylene-Fueled Scramjet Combustion Within the X3/R Shock Tunnel ................. 394 

Caleb Hash, Jack R. Edwards, Tonghun Lee, Anand Veeraragavan, Matthew A. Trudgian 

LES of Stable Combustion and Lean Blow-Out in a Mach 2 Cavity Flameholder .......................................... 404 

Christer Fureby 

Interaction Between a Coaxial Rotating Jet and a Reactive Core Flow ........................................................... 418 

Rahul Jain, Ruben A. Fernandez, Shivank Sharma, Yusuf S. Keskinoz, Venkatramanan Raman 

Analysis of a Continuously Variable Inlet and Isolator Design with Experimental, Computational, 

and Theoretical Comparison ............................................................................................................................. 426 

Emma C. Cavanaugh, Jeremy Redding, Venkateswaran Narayanaswamy, Luis Bravo, 

Muthuvel Murugan 

Optimization Strategy for Aggressive S-Shaped Inlet Compressor Ducts........................................................ 450 

Stefano Platini, Paolo Gaetani, Fabrizio Fontaneto 

Evaluating Truncation Strategies for Busemann Inlets in Hypersonic Airbreathing Applications ................... 463 

Zachary Ningard, Robert Borenius, Matthew Kot, David Stead, Zachary White, Ral Bielawski, 

Kareem A. Ahmed 

Transient Effect of Passive Bleed Slots on a Propagating Shock Train ............................................................ 477 

Loren C. Hahn, Philip Lax, Joshua D. Szczudlak, Sergey B. Leonov, Scott C. Morris 

Simulation of a Hypersonic Busemann Inlet at off Design Mach Number and Angle of Attack...................... 488 

Cal Rising, Eric J. Ching, Ryan F. Johnson 

Aerated-Liquid Fuel Jets in Hypersonic Crossflows: A Review ...................................................................... 498 

Nathan Dreyer, Justin D. Sprunger, Kareem A. Ahmed 

Wave Interactions in Oblique Detonations ....................................................................................................... 504 

Partth A. Laad, G. S. Sidharth 

Three-Dimensional Unsteadiness of a Shock Train in a Low Aspect Ratio Rectangular Duct ........................ 521 

Jack R. Sullivan, Datta V. Gaitonde 

Shock Train Control in High Speed Inlets and Isolators................................................................................... 547 

Lavya Sharma, Venkateswaran Narayanaswamy 

Mie Scattering Imaging of Metal Particle Dispersion in a Solid Fuel Ramjet Combustor ............................... 568 

Luca Macarie, Kristen M. Stava, Garon M. Young, Rohan Gejji, Carson D. Slabaugh 

Performance Enhancement of Solid Fuel Ramjets via Aft-Chamber Oxidizer Injection ................................. 583 

Anvar Gilmanov, Ponnuthurai Gokulakrishnan, Michael S. Klassen 

Structure of Oblique Shock to Oblique Detonation Transition with an Inert Near Wall Layer ........................ 609 

Ral Bielawski 

Assessment of Different Hydrogen-Air Reaction Models Effects on Numerical Predictions of a 2D 

Air-Breathing Rotating Detonation Engine ...................................................................................................... 617 

Adam Sienkiewicz 



Numerical Investigation of Combustion Characteristics in a Dual-Combustion Scramjet Engine................... 622 

Min-Seon Jo, Bu-Kyeng Sung, Jeongyeol Choi 

Modeling, Design and Testing of Refresh Dynamics on Centerline Fuel Injection for an Axial Flow 

Rotating Detonation Engine ............................................................................................................................. 630 

Daniel Kuratko, Christopher M. Brophy, Ulrich Meintjes, Thomas Neafus, Alexis Thoeny 

Baffled-Tube Ram Accelerator Thrust Characteristics with Aluminum Projectiles ......................................... 651 

John P. Correy, Jackson Clevenger, Carl Knowlen, Andrew J. Higgins 

Modeling Thermomechanical Behavior of Sintered Porous Transpiration Cooled Plates ................................ 658 

Samir L. Gallant, Spencer Smith, Kareem A. Ahmed 

Analytical Transient Heat Transfer Model for Active Cooling Channels ......................................................... 668 

Aleksandr Y. Zhuchkan, Spencer Smith, Kareem A. Ahmed 

A Rapid Computational Framework for Predicting Ablative Nosetip Recession using Bow Shock 

Modeling and FIAT-Based Thermal Response ................................................................................................. 679 

Thomas J. Morris, Andrew La Sorsa, Spencer Smith, Adam R. Kotler, Kareem A. Ahmed 

Author Index 

 




