
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-5405-0 

Plasmadynamics and Lasers 

San Diego, California, USA and Online 
3-7 January 2022 

 

Papers Presented at the AIAA SciTech Forum and Exposition 
2022 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 

 

HYPERSONIC AND ENTRY FLOW PLASMAS I 

Assessment of Electrical Conductivity in Rarefied Flow About Mars Entry Vehicles ........................................ 1 

Destiny M. Fawley, Zachary R. Putnam, Sarah D'Souza, Arnaud Borner 

OP2A: A Multiphysics Fluid Simulation Framework ........................................................................................ 23 

Thomas J. Greenslade, Nathan L. Donaldson, Min Kwan Kim 

Analysis of the Efficiency of MHD Cycle Supported by NS Pulsed Discharge Pre-Ionization ......................... 43 

Andrey Starikovskiy, Mikhail N. Shneider 

Experimental Study of Total Heat Flux Mitigation Using Magnetohydrodynamic Flow Control in 

Superorbital Earth Reentry Flight ....................................................................................................................... 50 

Alexis Lefevre, David Gildfind, Rowan Gollan, Peter Jacobs, Timothy McIntyre, Christopher 

M. James 

Extracting Atmospheric Optical Turbulence Parameters from AAOL-BC Wavefront Measurements .............. 80 

Matthew Kalensky, Eric J. Jumper, Stanislav Gordeyev 

PLASMA-ASSISTED IGNITION AND COMBUSTION II 

Modelling the Impact of a Repetitively Pulsed Nanosecond DBD Plasma on a Mesoscale Flame .................... 95 

Colin A. Pavan, Carmen Guerra-Garcia 

Comparing Low-Mach and Fully-Compressible CFD Solvers for Phenomenological Modeling of 

Nanosecond Pulsed Plasma Discharges with and Without Turbulence ............................................................ 108 

Taaresh Sanjeev Taneja, Suo Yang 

Global Pathway Analysis of Plasma Assisted Ammonia Combustion ............................................................. 121 

Praise Noah Johnson, Taaresh Sanjeev Taneja, Suo Yang 

Parametric Study to Elucidate the Mechanisms of Jetting Motion that Bolster Ignition Kernel 

Development from Repetitively Pulsed Discharges ......................................................................................... 131 

Katherine C. Opacich, Joshua S. Heyne, Timothy Ombrello, Joshua A. Gray 

Investigation of the Pulse-Coupled Regimes of Nanosecond Pulsed High-frequency Discharges 

with Respect to Various Fuels .......................................................................................................................... 139 

Joshua A. Gray, Timothy Ombrello, Katherine C. Opacich, Joshua S. Heyne 

HYPERSONIC AND ENTRY FLOW PLASMAS II 

Effect of Plasma Sheaths on Earth Re-Entry MHD Processes ......................................................................... 145 

Bernard Parent, Prasanna T. Rajendran, Robert W. Moses, Christopher O. Johnston, F. M. 

Cheatwood, Sergey O. Macheret, Justin Little 

Magnetized Radio-Frequency Sheath in Low Temperature Plasma ................................................................. 160 

Rupali Sahu, Albina Tropina, Richard B. Miles 

Plasma Sheath Models for Electron Transpiration Cooling in Hypersonic Vehicles ....................................... 166 

Rupali Sahu, Albina Tropina, Daniil Andrienko, Richard B. Miles 



Experimental Study of Electron Transpiration Cooling with a 2-KW Laser Heating System .......................... 173 

Junhwi Bak, Anuj Rekhy, Christopher Limbach, Richard B. Miles, James Creel 

Time Dynamics of an Inductively Coupled Plasma Torch ............................................................................... 184 

Dan Fries, Noel T. Clemens, Philip Varghese 

PLASMA NUMERICAL MODELING I 

Kinetic Particle Simulations of Dust Charging in Low Temperature Collisionless Plasmas ........................... 197 

David Lund, Daoru Han 

Solution-Adaptive Boltzmann Discrete Velocity Method for Rarefied Flows in Diatomic Gases ................... 204 

Robert E. Harris 

On Preconditioning for the Two-Field Neutral Model ..................................................................................... 217 

Joshua Christopher, Andrew Davis, Xinfeng Gao, Debojyoti Ghosh, Mikhail Dorf, Milo Dorr, 

Lee Ricketson 

2D Modeling of Plasma Dynamic Contraction in the Positive Column of Glow Discharge ............................ 226 

Hongtao Zhong, Xingqian Mao, Mikhail S. Mokrov, Mikhail N. Shneider, Yiguang Ju 

Particle-in-Cell Monte Carlo-Collision Modeling of Non-Ideal Effects in Wave-heated Dense 

Microplasmas Including Multiply Charged Ions and Excited Species ............................................................. 232 

Evrim Solmaz, Dima Levko, Laxminarayan L. Raja 

PLASMA-ASSISTED IGNITION AND COMBUSTION III 

Development of a Supersonic Hybrid Non-Equilibrium Plasma Reactor for Co-Production of 

Hydrogen and Value-Added Solid Carbons from Methane .............................................................................. 243 

Andrey Starikovskiy, Yiguang Ju 

2D Modeling of the Electrode Geometry Effects on Plasma-Assisted H2/Air Ignition .................................... 246 

Xingqian Mao, Hongtao Zhong, Yiguang Ju 

Active Control of Large Amplitude Combustion Oscillations Using Nanosecond Repetitively 

Pulsed Plasmas ................................................................................................................................................. 252 

Santosh Shanbogue, Drew Weibel, Felipe Gomez Del Campo, Carmen Guerra-Garcia, 

Ahmed Ghoniem 

Forced Ignition in an Ozone Seeded Reactive Flow ......................................................................................... 268 

Timothy Ombrello 

Plasma Assisted Ammonia Combustion: Enhanced Flame Stability and Reduced NOx Emission ................. 275 

Jinhoon Choe, Wenting Sun 

PLASMA AND LASER-BASED DIAGNOSTICS I 

Spatially Enhanced Electric Field Induced Second Harmonic (SEEFISH) Generation for 

Measurements of Electric Field Distributions in High-Pressure Plasmas ........................................................ 283 

Sai Raskar, Keegan Orr, Igor V. Adamovich, Tat Loon Chng, Svetlana Starikovskaia 



PLASMA NUMERICAL MODELING II 

A Multi-Dimensional Parallel Grid-Based Vlasov Solver for Kinetic Plasma Simulations ............................. 295 

Chen Cui, Joseph Wang 

Self-Consistent Magneto-hydrodynamic Modeling of ICP Discharges ........................................................... 307 

Sanjeev Kumar, Alessandro Munafò, Vincent Le Maout, Nagi Mansour, Marco Panesi 

PLASMA AND LASER-BASED DIAGNOSTICS II 

Entropy Waves Measurement by Tunable Diode Laser Absorption Spectroscopy .......................................... 321 

Bayu A. Dharmaputra, Yuan Xiong, Sergey Shcherbanev, Audrey Blondé, Nicolas Noiray 

Slow Light Imaging Spectroscopy (SLIS): A Simulation of Broad Linewidth Signals ................................... 329 

Amirhossein Abbasszadehrad, Anuj Rekhy, Arthur Dogariu, Richard B. Miles 

Thomson and Collisional Regimes of In-Phase Coherent Microwave Scattering off Small Plasma 

Objects .............................................................................................................................................................. 336 

Adam Patel, Apoorv Ranjan, Xingxing Wang, Mikhail Slipchenko, Mikhail N. Shneider, 

Alexey Shashurin 

Sub-Nanosecond Time-resolved Optical Emission Thermometry of Nanosecond Pulsed Plasma 

Nonequilibrium ................................................................................................................................................ 350 

Karna Patel, Anup Saha, Terrence R. Meyer, Sally P. Bane, Aman Satija 

NON-EQUILIBRIUM DISCHARGES I 

High-Voltage NS Discharges Interaction with Blast Waves ............................................................................ 358 

Andrey Starikovskiy, Mikhail N. Shneider, Arthur Dogariu 

Numerical Modeling of NS Discharge Development in Inhomogeneous Magnetic Field ............................... 364 

Andrey Starikovskiy, Nickolay Aleksandrov, Mikhail N. Shneider 

Rotation-Vibration Non-equilibrium Measurement Using Pure Rotational Fs/ps CARS Coherence 

Beating ............................................................................................................................................................. 369 

Timothy Chen, Ning Liu, Arthur Dogariu, Egemen Kolemen, Yiguang Ju 

Multiscale Modeling of Streamers: High-Fidelity Versus Computationally Efficient Methods ...................... 378 

Lee R. Strobel, Cuong Nguyen, Carmen Guerra-Garcia 

Dynamics Stall Delay Using High Frequency Plasma Actuation ..................................................................... 388 

Alexander J. Lilley, Subrata Roy, Miguel R. Visbal 

PLASMA-ASSISTED IGNITION AND COMBUSTION IV 

Flame Stabilization with Nanosecond Repetitively Pulsed Discharge in the Sequential Combustor ............... 399 

Sergey Shcherbanev, Bayu A. Dharmaputra, Nicolas Noiray 

Experimental and Numerical Characterization of a Lean Premixed Flame Stabilized by Nanosecond 

Discharges ........................................................................................................................................................ 409 

Victorien P. Blanchard, Nicolas Minesi, Yacine Bechane, Benoît Fiorina, Christophe O. Laux 



Acetone PLIF Visualization of Mixing Processes in a Plasma Stabilized Supersonic Combustor .................. 423 

Skye Elliott, Philip Lax, Sergey B. Leonov 

Plasma-Assisted Burner Array Development Using Cyclotronic Arc-Plasma Actuators ................................. 435 

Joseph W. Zimmerman, David L. Carroll, Georgi Hristov, Phillip J. Ansell 

Generation and Decay of N2(A3Σu
+) Molecules in CO2 and CH4 Plasmas ....................................................... 457 

David K. Mignogna, Elijah Jans, Sai Raskar, Igor V. Adamovich 

LASER-INDUCED PLASMA AND LASER BEAMS 

Experimental Investigation of Toroidal Vortices in Laser-Induced Breakdown Plasma .................................. 480 

Zareb A. Noel, Mark R. Rennie 

Three-Dimensional Effects in Dual-pulse Laser Energy Deposition ................................................................ 491 

Sagar Pokharel, Albina Tropina, Mikhail N. Shneider 

Computational Modeling of a Coupled Light-Particle Beam Propagation ....................................................... 501 

Andres M. Castillo, Prabhat Kumar, Kentaro Hara 

Photonic Associates: 25 Years of Research on Lasers in Space ....................................................................... 509 

Claude R. Phipps 

NON-EQUILIBRIUM DISCHARGES II 

Measurements of Atoms and Metastable Species in N2 and H2-N2 Ns Pulse Plasmas ..................................... 525 

Xin Yang, Caleb Richards, Elijah Jans, Sai Raskar, Dirk C. Van Den Bekerom, Igor V. 

Adamovich 

N2 Vibrational Excitation in Atmospheric Pressure Ns Pulse and RF Plasma Jets .......................................... 547 

Caleb Richards, Elijah Jans, Ilya Gulko, Keegan Orr, Igor V. Adamovich 

Time-Resolved CO2, CO, and N2 Vibrational Population Measurements in Ns Pulse and Hybrid ns-

RF Discharge Plasmas ...................................................................................................................................... 569 

Caleb Richards, Elijah Jans, Igor V. Adamovich 

Experimental Study of Nanosecond Atmospheric Pin-To-pin Discharges in Single-pulsed and 

Repetitively-Pulsed Modes ............................................................................................................................... 585 

Xingxing Wang, Adam Patel, Sally P. Bane, Alexey Shashurin 

Time-Resolved Optical Emission Spectroscopy Measurements of Electron Density and 

Temperature in CO2 Nanosecond Repetitively Pulsed Discharges .................................................................. 625 

Jean Maillard, Thomas Van Den Biggelaar, Erwan Pannier, Christophe O. Laux 

AERO-OPTICS AND ATMOSPHERIC OPTICAL TURBULENCE 

Laser Scintillation Measurement in a Controlled Turbulent Environment ....................................................... 638 

Grant Erickson, James Creel, Richard B. Miles, Christopher Limbach 

Parametrical Study of Aero-Optical Effects Using Shell Models of Turbulence ............................................. 648 

Albina Tropina, Richard B. Miles 



Estimation of the Acoustic Environment of a Wind-Tunnel Test-Section for Filtering Acoustic 

Disturbances from Aero-Optical Measurements .............................................................................................. 656 

Brian L. Catron, Mark R. Rennie, Eric J. Jumper 

Development of the Focused Malley Probe as a Local Aero-Optical Measurement Technique ...................... 671 

Luke N. Butler, Stanislav Gordeyev 

PLASMA FLOW CONTROL 

Implementation and Flight Testing of a Dielectric Barrier Discharge Plasma Actuator on a Small 

Aircraft ............................................................................................................................................................. 688 

Raymond P. Lebeau, Ben Young, Jordan Decker, Daniel Verdico 

Control of Shock Positions in a Supersonic Duct by Plasma Array ................................................................. 694 

Skye Elliott, Philip Lax, Sergey B. Leonov 

PLASMA ACTUATORS 

Heat Transfer Characteristics of AC-SDBD Plasma Actuation in Different Boundary Layers ....................... 702 

Hexiang Zhang, Weiwei Hui, Haoyu Chen, Huaxing Li, Xuanshi Meng 

Dynamics of ns-SDBD Plasma Formation for Flow Control by Superfast Local Heating ............................... 712 

Andrey Starikovskiy 

Exploration on the Process and Mechanism of Plasma Actuation for Anti-Icing ............................................ 716 

Zheng Zhou, Jiageng Cai, Weiwei Hui, Huaxing Li, Xuanshi Meng 

Influence of Main Flow on Vortex Structure Generated by Burst Mode Actuation of DBD Plasma 

Actuator ............................................................................................................................................................ 730 

Kenta Emori, Yutaka Kaneko, Hiroyuki Nishida 

Temporal Response of the Laminar Boundary Layer to Step Input Plasma Vortex Generators of 

Varying Streamwise Extent .............................................................................................................................. 738 

Michael Varacalli, Hossein Khanjari, Ronald Hanson, Philippe Lavoie 

PLASMA-ASSISTED IGNITION AND COMBUSTION I 

Modelling of an ICP Torch at Different Flow Regimes ................................................................................... 748 

Juan P. Barberena Valencia, Navheen S. Murugesan, Laxminarayan L. Raja 

Numerical Model of Restrikes in DC Gliding Arc Discharges ........................................................................ 756 

Aymeric Bourlet, Julien Labaune, Fabien Tholin, Axel Vincent, François Pechereau, 

Christophe O. Laux 

Control of Crosswind Force on Aircraft Vertical Tail Models Using Plasma Actuators ................................. 766 

Daniel E. Almuina Pica, Kevin Keener, William David Lubitz 

Aerothermodynamic Characterization of an Inductively Generated CO2 Plasma by Laser 

Absorption Spectroscopy .................................................................................................................................. 784 

Hendrik Burghaus, Clemens F. Kaiser, Adam S. Pagan, Stefanos Fasoulas, Georg Herdrich 

One-Dimensional Streamer Simulations Using a Jacobian Free Newton-Krylov Method with 

Physics Based Preconditioning ......................................................................................................................... 801 

Alfredo J. Duarte, Nicholas E. Deak, Fabrizio Bisetti 




