
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-8439-7 

Thermophysics 

San Diego, California, USA 
7 - 11 January 2019 

Volume 1 of 2 

Papers Presented at the AIAA SciTech Forum and  
Exposition 2019 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
 

VOLUME 1 
 

Uncertainty Analysis of Probe Surface Predictions for the Hypersonic Material Environmental Test 
System Facility ....................................................................................................................................................................... 1

Andrew J. Brune, Thomas K. West, Laura White 
 

A Chemical Equilibrium Analysis Approach to Oxidation and Nitridation of Silicon Carbide ................................... 24
Samuel Y. Chen, Iain D. Boyd 

 

Exomars Mission 2016: A Preliminary Post-flight Performance Analysis of the Heat Shield During 
Entry on Mars Atmosphere ................................................................................................................................................ 38

Gregory Pinaud, Jerome Bertrand, Jacques Soler, Philippe Tran, Heiko Ritter, O. Bayle 
 

Numerical Investigations For Different Combustion Liner Cooling Techniques Under Non-Reacting 
Conditions Through A Lean Pre-Mixed Fuel Nozzle........................................................................................................ 59

Shoaib Ahmed, Prashant Singh, Srinath Ekkad 
 

Optimization and Analysis of a Heat Exchanger with Encapsulated Phase Change Material...................................... 72
Avijit Karmakar, Yousef Kanani, Arunim Bhattacharya, Sumanta Acharya, Salar Taghizadeh, Kong Ling 

 

Pressure Loss and Heat Transfer Characterisation of Intersecting Hole Heat Exchangers.......................................... 96
Imran Naved, David Gillespie 

 

Stagnation Point Heat Flux Measurements in a Plasma Wind Tunnel Using a Diamond Heat Transfer 
Gauge .................................................................................................................................................................................. 110

Rowland T. Penty Geraets, Matthew McGilvray 
 

Control of Vapor Compression Cycles under Transient Thermal Loads ..................................................................... 128
Sunderlin D. Jackson, Anthony N. Palazotto, Meir Pachter, Nicholas Niedbalski 

 

Fluid-Solid Heat Exchange in Porous Media for Transpiration Cooling Systems ....................................................... 139
Tobias A. Hermann, Matthew McGilvray, Hassan S. Ifti, Fabian Hufgard, Stefan Loehle 

 

A Machine Learning Framework for the Quantification of the Uncertainties Associated with Ab-
Initio Based Modeling of Non-Equilibrium Flows .......................................................................................................... 154

Simone Venturi, Maitreyee Sharma Priyadarshini, Marco Panesi 
 

Statistical Analyses of Quasiclassical Trajectory Data for Air Dissociation ................................................................. 172
Ross S. Chaudhry, Graham V. Candler 

 

Effect of Low and High-Fidelity Thermochemical Models on Hypersonic Nonequilibrium Flows ............................ 205
Maninder S. Grover, Eswar Josyula, Casimir J. Suchyta 

 

Molecular Dynamics Simulation of Nitric Oxide Formation and Extinction ............................................................... 224
Daniil Andrienko, Iain D. Boyd 

 

Application of Ab-initio Based Grouped Rates for Modeling Non-equilibrium Flow Physics .................................... 236
Maitreyee Sharma Priyadarshini, Simone Venturi, Alessandro Munafò, Marco Panesi 

 

Different Estimations of the Convective and Radiative Heating for the Martian Entry Probes................................. 249
Dmitry Yatsukhno, Sergey Surzhikov, Daniil Andrienko, Julien Annaloro, Pierre Omaly 

 

Nitric Oxide Spectroscopic Measurements in a Hypervelocity Stagnation Flow ......................................................... 301
Nelson J. Yanes, Joanna M. Austin 

 

Measurements of Oxygen Vibrational Relaxation and Dissociation Using Ultraviolet Laser 
Absorption in Shock Tube Experiments .......................................................................................................................... 313

Jesse W. Streicher, Ajay Krish, Shengkai Wang, David F. Davidson, Ronald K. Hanson 
 

Vibrational State-to-state Modeling of a Recombining Nitrogen Experiment.............................................................. 324
Pierre B. Mariotto, Augustin C. Tibère-Inglesse, Rowan Gollan, Peter Jacobs, Marie-Yvonne Perrin, Christophe 
O. Laux 

 

A State-resolved Recombination Model Using Orbiting Cross-sections from the Potential Energy 
Surface for Atomic Oxygen in DSMC.............................................................................................................................. 331

Tzu-Jung Pan, Chaithanya Kondur, Sharanya Subramaniam, Kelly A. Stephani 
 

Time Accurate Simulation of Nonequilibrium Flow inside the NASA Ames Electric Arc Shock Tube ..................... 341
Khalil Bensassi, Aaron M. Brandis 

 

An Electronic State-to-State Analysis Method for Nonequilibrium Air Flows............................................................. 352
Sung Min Jo, Oh Joon Kwon, Jaegang Kim 

 

Direct Molecular Simulation of Dissociating Nitrogen in an Adiabatic Reactor.......................................................... 368
Erik Torres, Thomas E. Schwartzentruber 

 

Computation of State to State Transport Coefficients Using ab initio Potential Energy Surfaces for 
the O + O2 System .............................................................................................................................................................. 385

Sharanya Subramaniam, Kelly A. Stephani 
 

Novel Approach for Modeling CO2 Non-equilibrium Radiation: Application to Wake Flows ................................... 395
Amal Sahai, Bruno Lopez, Christopher O. Johnston, Marco Panesi 

 



A Comparative Study of a Discrete Velocity Method and a Gas-Kinetic Method for a Binary Gas 
Mixture ............................................................................................................................................................................... 408

Blaga Todorova, Rene Steijl 
 

Thermal Property Estimation of Fibrous Insulation: Heat Transfer Modeling and the Continuous 
Genetic Algorithm ............................................................................................................................................................. 423

Elora Frye, Kamran Daryabeigi 
 

Thermophysical Model for the Infrared Emissivity of Metals....................................................................................... 440
Jeremy Orosco, Carlos F. Coimbra 

 

Gas-Surface Model in DSMC for Molecules Passing Through a Funnel-Type Gas Concentrator ............................. 446
Savio J. Poovathingal, Chenbiao Xu, Vanessa Murray, Timothy K. Minton, Thomas E. Schwartzentruber 

 

Modeling FiberForm Oxidation in a Flow Tube using a Universal Solver ................................................................... 456
Haoyue Weng, Alexandre Martin 

 

Surface Properties on Thermal Protection System Microstructure during Hypersonic Ablation.............................. 468
Ashwin Dev Achambath, Sahadeo Ramjatan, Thomas E. Schwartzentruber 

 

Characterizing Thermodynamic Properties of Pure Components and Binary Mixtures at Rocket 
Conditions Using Molecular Dynamics............................................................................................................................ 481

Timothy Weathers, Aleksey Vishnyakov, Yee Chiew, Ashvin Hosangadi 
 

Testing a Transpiration Cooled Zirconium-Di-Boride Sample in the Plasma Tunnel at IRS..................................... 496
Marc Ewenz Rocher, Matthew McGilvray, Tobias A. Hermann, Hassan S. Ifti, Fabian Hufgard, Martin F. 
Eberhart, Arne Meindl, Stefan Loehle, Tommaso Giovannini, Luc J. Vandeperre 

 

Heat Flux Data Reduction using a Natural Filter Test Function ................................................................................... 514
Jay I. Frankel, Hongchu Chen 

 
VOLUME 2 

 
Calibration of the Co-Axial Thermocouple Using a Quantified High Heat Flux AlN Heater ..................................... 544

Hongchu Chen, Jay I. Frankel 
 

Hypervelocity Measurements of Mid-Wave Infrared CO2 Radiation Impinging on Blunt Bodies............................. 566
Matthew G. Leibowitz, Joanna M. Austin 

 

High-speed Visualization for Test-time Evaluation of a JAXA HEK-X Free-piston Driven Expansion 
Tube .................................................................................................................................................................................... 579

Kohei Shimamura, Atsushi Okamoto, Yusuke Fujiwara, Yusuke Higo, Kazuhiko Yamada, Tomoyuki Komuro, 
Hideyuki Tanno 

 

Measurement of Surface Heat Flux Distribution on a Transpiration Cooled Wedge in a Supersonic 
High-Enthalpy Air Flow.................................................................................................................................................... 590

Stefan Loehle, Fabian Hufgard, Hannah Boehrk, Christian Dittert 
 

Adaptive Wavelet-based Delayed Detached Eddy Simulations of Anisothermal Channel Flows with 
High Transverse Temperature Gradients ....................................................................................................................... 601

Xuan Ge, Ye Zhou, Oleg V. Vasilyev, M. Yousuff Hussaini 
 

Impingement of a Supercritical Carbon Dioxide Jet on a Planar Surface.................................................................... 619
Michael J. Martin, Shashank Yellapantula, Marc Day, John B. Bell, Ray W. Grout 

 

Reduced-Order CFD-Based Multi-Rating of Aviation Heat Exchangers ..................................................................... 627
Foluso Ladeinde, Ken Alabi, Wenhai Li 

 

Stable and Optimal Interface Treatment for Partitioned Conjugate Heat Transfer Problems .................................. 657
Marc Errera, Rocco Moretti, Yohann Bachelier, Tristan Soubrié 

 

Carbon Monoxide Radiation in an Equilibrium Plasma Torch Facility....................................................................... 667
Sean McGuire, Augustin Tibère-Inglesse, Christophe O. Laux, Brett A. Cruden 

 

Simulations of Surface Evolution Due to Particulate-surface Interaction .................................................................... 675
Neil A. Mehta, Archith Rayabharam, Deborah A. Levin 

 

Thermal Response of Low Density Ablative Materials Subjected To High Temperature........................................... 721
Bernard O. Owiti, Takeharu Sakai, Hiroki Kawabata, Yuichi Ishida 

 

Performance of Transpiration Cooled Heat Shields for Hypersonic Vehicles.............................................................. 736
Tobias A. Hermann, Imran Naved, Matthew McGilvray 

 

Refitting of Ro-Vibrational Specific CO2 Radiation Database to Vibrationally Specific ............................................ 763
João F. Vargas, Bruno Lopez, Marco Panesi, Mario Lino Da Silva 

 

High Power Density Electronics Immersed in a Subcooled Two-Phase Dielectric Fluid............................................. 776
Kevin Weed, Jeremy Harvey, Walter Schwarz 

 

Discretized Enthalpy Method for Analysis of Two-phase Flow in Heat Exchangers Using FAME-MLL 
and Ammonia Working Fluids ......................................................................................................................................... 793

Kevin R. Anderson, Thomas Gross, Anthony Flores, Ariel Gatti 
 



Stabilizing Transient Operation of Loop Heat Pipes with a Condenser Bypass........................................................... 808
Timothy D. Holman, Robert Baldauff, Dmitry Khrustalev 

 

Numerical Modeling of a Cooling Water Droplet Using a Two-Phase Flow Approach............................................... 817
Andre Franco, Jorge M. Barata, Andre R. Silva 

 

Visualization and Temperature Measurement of Cryogenic Cooling Channel Flow at Supercritical 
Pressure .............................................................................................................................................................................. 829

Takahiko Toki, Masayuki Morita, Susumu Teramoto, Kazuo Yamaguchi, Koji Okamoto 
 

Temporal Interpolation Methods for Transient CHT .................................................................................................... 845
Rocco Moretti, Marc Errera, Frédéric Feyel 

 

Evaluation of the Computational Benefits of De-Coupling Convection and Conduction Heat Transfer 
on a Single Impinging Jet.................................................................................................................................................. 856

Raja Akif B. Raja Zahirudin, Jose L. Palacios, Dennis K. McLaughlin 
 

Homogenization Error in Radiative Transfer Simulations of Particle Clouds............................................................. 873
Kaelan Hansson Hansson, Iain D. Boyd 

 

Surface Heat Flux Measurement in Transpiration-Cooled Porous Materials using Plenum Pressure 
Data..................................................................................................................................................................................... 891

Fabian Hufgard, Stefan Loehle, Jens von Wolfersdorf, Stefanos Fasoulas, Marc Ewenz Rocher, Tobias A. 
Hermann, Matthew McGilvray, Johan Steelant 

 

Gas-Phase Recombination in Nonequilibrium Hypersonic Reacting Flows ................................................................. 900
Sergey F. Gimelshein, Ingrid J. Wysong 

 

Proposal of Feedback Control Systems for Thermal Driven High Power Density Actuator....................................... 913
Keisuke Sugita, Kikuko Miyata, Susumu Hara, Masatsugu Otsuki, Tadashige Ikeda 

 

Energy Accommodation from NO Recombination in Air Plasmas ............................................................................... 926
Roland Herrmann-Stanzel, Jason M. Meyers, Douglas G. Fletcher 

 

Atomic Radiation of a Recombining Nitrogen Plasma ................................................................................................... 939
Augustin C. Tibère-Inglesse, Sean McGuire, Christophe O. Laux 

 

Steady-State Experimental Evaluation of Pyrolysis Gas and Plasma Reactions .......................................................... 948
Precious T. Jagun, Roland Stanzel, Douglas G. Fletcher, Jason Meyers, J. M. Meyers 

 

Thermodynamic and Transport Properties of Hydroxylammonium Nitrate-Based Electric Solid 
Propellant Vapor ............................................................................................................................................................... 970

Matthew S. Glascock, Patrick D. Drew, Joshua Rovey 
 

Validation Assessment of Hypersonic Double-Cone Flow Simulations using Uncertainty 
Quantification, Sensitivity Analysis, and Validation Metrics ........................................................................................ 983

Sarah L. Kieweg, Jaideep Ray, V. G. Weirs, Brian Carnes, Derek Dinzl, Brian Freno, Micah Howard, Eric Phipps, 
William Rider, Thomas Smith 

 

Estimation of Inflow Uncertainties in Laminar Hypersonic Double-cone Experiments............................................ 1009
Jaideep Ray, Sarah L. Kieweg, Derek Dinzl, Brian Carnes, V. G. Weirs, Brian Freno, Micah Howard, Thomas 
Smith, Ioannis Nompelis, Graham V. Candler 

 

Classical Impulsive Models of Nonequilibrium Dissociation for CFD and DSMC .................................................... 1037
Han Luo, Alina Alexeenko, Sergey O. Macheret 

 

Effect of Thermochemistry Modeling on Hypersonic Flow Over a Double Cone ...................................................... 1050
Michael E. Holloway, Kyle M. Hanquist, Iain D. Boyd 

 

Computation of Orbiting Cross-Sections from ab initio Potential Energy Surfaces for Recombination 
of Atomic Oxygen ............................................................................................................................................................ 1063

Chaithanya Kondur, Sharanya Subramaniam, Tzu-Jung Pan, Kelly A. Stephani 
 

Non-equilibrium Nitrogen Re-entry Flow Computed with a Vibrational-Specific Kinetics Model.......................... 1076
Marie-Claude Druguet, Arnaud Bultel, Vincent Morel, Julien Annaloro 

 

Author Index 




