
Attitude Dynamics, Determination, and Control I 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 979-8-3313-0560-4 

Boundary Layer Transition 
Modeling and Application I 

Las Vegas, Nevada, USA 
29 July – 2 August 2024 

Volume 1 of 3 

Papers Presented at the AIAA Aviation Forum 2024 and 
ASCEND 2024 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 

BOUNDARY LAYER TRANSITION MODELING AND APPLICATIONS I 

Aerodynamic Design Optimization for Natural Laminar Flow Airfoils ............................................................... 1 

Pedro Paredes, Preethi Mysore, Kevin Jacobson, Boris Diskin, Nathaniel J. Hildebrand, 

Meelan M. Choudhari 

The Nonlinear One-Way Navier-Stokes (NOWNS) Approach for Boundary-Layer Transition ......................... 13 

Michael K. Sleeman, Matthew T. Lakebrink, Tim Colonius 

Ultraspherical Polynomial Spectral Method for Boundary Layer Stability Problems ........................................ 33 

Vaishnavi Ramaswamy, Claire M. Namuroy, Wesley L. Harris 

Analysis of the NASA Laminar Flow Common Research Model with a Surface Marching PSE3D 

Instability Model ................................................................................................................................................ 54 

Mohammed S. Mughal 

Breakdown of Gortler Vortices in High-Speed Boundary Layer Flows: A DNS Study ...................................... 60 

Matthew W. Brockhaus, Adrian Sescu, Omar Es-Sahli, Yuji Hattori 

CFD FOR EMERGING HPC ARCHITECTURES 

Computational Fluid Dynamics on Quantum Computers ................................................................................... 75 

Madhava Syamlal, Carter Copen, Masashi Takahashi, Benjamin Hall 

Closed-Loop Simulations of Human-Scale Mars Lander Descent Trajectories on Frontier ............................... 89 

Gabriel Nastac, Zachary Ernst, Alexandra Hickey, Aaron Walden, Kevin Jacobson, William 

Jones, Eric J. Nielsen, Boris Diskin, Li Wang, Ashley Korzun, Patrick Moran, Hayden Dean, 

Bradford Robertson, Dimitri Mavris 

GPU-Accelerated Simulations of Turbulent Flows with the Immersed Boundary Method ............................. 108 

William Van Noordt, Joel McQuaid, Johan Larsson, Christoph Brehm 

Development of a Performance Portable Structured Grid Based Compressible Flow Solver ........................... 119 

Andrew L. Bodling, George Zagaris, Dylan Jude, Jayanarayanan Sitaraman, Shirzad 

Hosseinverdi 

Implementation of an Efficient Sliding Mesh Method for Flux Reconstruction Schemes Running on 

Multiple GPUs .................................................................................................................................................. 137 

Fernando Gisbert, Jesus Pueblas, Jesus Contreras 

BOUNDARY LAYER TRANSITION MODELING AND APPLICATIONS II 

Application of Wray-Agarwal Algebraic Transition Model to 2D Asymmetric Airfoils .................................. 156 

Hasani Spann, Haoyang Li, Dean Ryan-Simmons, Ramesh K. Agarwal 

Hypersonic Transition Model for Second Mode and Crossflow Instabilities ................................................... 174 

Bryan Barraza, Andreas Gross, Christoph Hader, Hermann F. Fasel 



Laminar-Turbulent Transition Prediction for Hypersonic Vehicles with RANS-Based Models ...................... 194 

Laurent Muscat, Marina Olazabal-Loumé 

CONVERGENCE ACCELERATION FOR CFD 

Constructing ILU Preconditioners for Advection-Dominated Problems Using Graph Neural 

Networks .......................................................................................................................................................... 208 

Soha Yusuf, Jason E. Hicken, Shaowu Pan 

Time-Parallel BDF1 Scheme for Nonlinear Conservation Law Equations ...................................................... 225 

Nail K. Yamaleev, Subhash Paudel 

Mesh Optimization for Improved Computational Fluid Dynamics Numerical Stability and 

Convergence Rate ............................................................................................................................................. 232 

Mohammad Zandsalimy, Carl F. Ollivier Gooch 

An Optimized Dual-Time Stepping Method Based on Pseudo-Time Convergence Acceleration 

Using Adaptive Time Steps .............................................................................................................................. 258 

M. R. Nived, Vinayak Eswaran 

FLUID STRUCTURE/PARTICLE INTERACTION 

Computational Fluid Dynamic Investigation of Fluid-Structure Interactions in a Transonic Diffuser ............. 273 

Calvin J. Burns, Vinu Unnikrishnan, Stuart I. Benton, Semih M. Olcmen 

Direct Simulation of CMAS Infiltrating TBC Microstructure .......................................................................... 284 

Brendon Cavainolo, Michael Kinzel 

WMLES of SBLI with Flexible Panel Motion Predicted a Priori Using Aeroelastic Solver ............................ 298 

Chelsea Johnson, Joseph Oefelein, Luisa Piccolo Serafim, Earl H. Dowell 

CFD METHODS FOR APPLIED AERODYNAMICS I 

Turbulence Model Assessment on Roughness Effects on Boundary Layer Development Over 

Adjacent Compressor Blades............................................................................................................................ 313 

Sheilla N. Torres-Nieves, Pharlin Medard 

Assessment of Transition Models for the Prediction of High Speed Flows ..................................................... 325 

Madeline S. Burkey 

Exploring the Impact of Sideslip Angle on Acoustic Predictions of an Open Rotor System Using 

Scale-Resolving Simulations ............................................................................................................................ 336 

Ercan Dumlupinar, Jeffrey A. Housman, Jared C. Duensing 

Solving Large, Unsteady, Potential Flow Boundary Element Problems in O(n) Time ..................................... 348 

Ryan Anderson, Andrew Ning 

Towards Aerodynamic Shape Optimization Using an Immersed Boundary Overset Grid Method .................. 361 

Brandon Lowe, Chase Ashby, James R. Koch, David Craig Penner, Jeffrey A. Housman, Jared 

Duensing 



DATA-DRIVEN METHODS FOR MODELING AND APPLICATIONS 

Building-Block-Flow Model for Large-Eddy Simulation: GPU Implementation and Application to 

the CRM-HL ..................................................................................................................................................... 387 

Yuenong Ling, Samuel Costa, Gonzalo Arranz, Konrad Goc, Mory Mani, Adrian Lozano-

Duran 

Data-Driven Methods for High-Fidelity Aerodynamic Analysis of Controllability of Fighter 

Aircraft ............................................................................................................................................................. 401 

Kim Sungyeon, Byunghyo Lee, Seongim Choi 

Large Eddy Simulations of Conventional and Alternative Aviation Fuel Spray Breakup ................................ 415 

Jacopo Liberatori, Davide Cavalieri, Matteo Blandino, Riccardo Malpica Galassi, Mauro 

Valorani, Pietro Paolo Ciottoli 

Data-Driven Flow Control for Finite Wings at Low Reynolds Numbers ......................................................... 436 

Anton Burtsev, Akshit Jariwala, Efstathios Bakolas, David B. Goldstein 

DNS/LES OF SHOCK-BOUNDARY LAYER INTERACTIONS 

Detached-Eddy Simulation of Supersonic Turbulent Flow Over a Cylinder / Skewed Flare 

Configuration .................................................................................................................................................... 452 

Ben Derks, Jonathan Poggie 

Numerical Investigation of Swept Turbulent Shock-Wave Boundary Layer Interactions ................................ 483 

Luz E. Castillo Gomez, Andreas Gross 

Immersed Boundary Wall-Modelled Large Eddy Simulations of a Generic Hammerhead Payload 

Fairing .............................................................................................................................................................. 499 

Gaetan  K. Kenway, Aditya Ghate, Man Long Wong, Jordan B. Angel, Cetin C. Kiris 

Study of Wall Temperature Effects on the Dynamics of Swept Shock-Wave Turbulent Boundary 

Layer Interactions ............................................................................................................................................. 514 

Eli Durant, Reetesh Ranjan, Kidambi Sreenivas 

HIGH-FIDELITY CFD VERIFICATION WORKSHOP 2024: SUMMARY (INVITED) 

High-Fidelity CFD Verification Workshop 2024 Summary: Shock-Dominated Flows .................................... 527 

Tianci Huang, Matthew J. Zahr, Kevin Holst, James Freels, Aj Baker, Paul Batten, Nili 

Bachchan, Jungyeoul Brad Maeng, Travis Fisher, Dongseok Kim, Kyeol Yune, Chongam Kim, 

Juhyun Kim, Jaehyeon Park, Sol Keun Jee, William J. White, Eric Johnsen 

High-Fidelity CFD Verification Workshop 2024: Post-Workshop Mesh Motion Summary ............................ 565 

Nathan A. Wukie, Krzysztof Fidkowski, Per-Olof Persson, Takeshi R. Fujimoto, Zhi J. Wang, 

James Gabbard, Wim Van Rees 

Summary of the Wall-Modeled LES Test Suite from the 2024 AIAA High-Fidelity CFD 

Verification Workshop ...................................................................................................................................... 598 

Daniel J. Garmann, Matthew J. Schwartz, Johan Larsson, Ivan Bermejo-Moreno, Ali Uzun, 

Sparsh Ganju, Christoph Brehm, Timofey Mukha, Matteo Parsani, David Flad, Jannik 

Schrempp 



High-Fidelity CFD Verification Workshop 2024 Summary: Spalart-Allmaras QCR2000-R 

Turbulence Model............................................................................................................................................. 615 

Boris Diskin, Marshall C. Galbraith, Paul Batten, Kevin R. Holst, Yi Liu, Mohagna J. 

Pandya, Cosimo T. Morisco, Anup Pandey 

NUMERICAL METHODS I: HIGH-ORDER/LOW-DISSIPATION SCHEMES 

On the Approximations of the Logarithmic Mean in Kinetic Energy and Entropy Preserving 

(KEEP) Scheme ................................................................................................................................................ 665 

Shigetaka Kawai, Soshi Kawai 

Kinetic Energy and Entropy Preserving (KEEP) Flux Reconstruction Schemes Based on Gauss-

Legendre Nodes ................................................................................................................................................ 672 

Issei Homma, Hiroyuki Asada, Soshi Kawai 

Assessment of Numerical Methods for Two Phase Shear Layers ..................................................................... 678 

Zoe Barbeau, Sanjiva Lele 

Towards Robust and Accurate Implicit Gradient Methods for Second- And Third-Order Nodal-

Gradient Cell-Centered Finite-Volume Discretizations on Tetrahedral Grids .................................................. 700 

Hiroaki Nishikawa 

SUPERSONIC/HYPERSONIC APPLICATIONS I 

CFD Modeling of High-Enthalpy Hypersonic Flows for FIRE-II Re-Entry Vehicle ....................................... 715 

Yu Xia, Vivek Kumar, Valerio Viti, Ishan Verma, Pravin Nakod, Laith Zori, Song Gao, Jean-

Sebastien Cagnone 

Aeroheating Predictions for a Hypersonic, Turbulent Near-Wake ................................................................... 741 

Clark Pederson, William A. Wood, Brian R. Hollis 

VOLUME 2 

CFD Study of Nox and Soot Emissions Using Different Injector Placement in a Supersonic Cavity 

Flameholder ...................................................................................................................................................... 764 

Mohamed Benjelloun Touimi, Jeffrey J. Doom 

Implementation and Validation of a 7-Equation Model for High-Speed Droplet Impingement ....................... 775 

Manuel Viqueira-Moreira, Christoph Brehm 

TOOLS FOR FLIGHT AND ENGINE CHARACTERISTICS PREDICTION I (INVITED) 

Assessing the HPC Performance of CODA for the NASA Common Research Model .................................... 798 

Hirav Patel, Thomas Gerhold, Neil Ashton 

NUMERICAL METHODS II: SHOCK-CAPTURING/NOVEL ALGORITHMS 

An Evaluation of Rotated-RoeM Flux Scheme for Hypersonic Equilibrium Flow Computation .................... 812 

Seoungyu Choi , Jaehyoung Park, Seungsoo Lee, Jin Seok Park 



Shock-Capturing Applications Using Discontinuous Galerkin for Three-Dimensional Hypersonic 

Flows ................................................................................................................................................................ 826 

Madeline M. Peck, Samuel Harder, Jiajia Waters 

Towards MLMC Uncertainty Quantification Methods for High-Order FR Simulations with r-AMR ............. 846 

Firas Ben Ameur, Rayan Dhib, Ray Vandenhoeck, Pieterjan Robbe, Andrea Lani, Stefaan 

Poedts 

Characteristic Boundary Condition for Embedded-Boundary Method Based Compressible Reacting 

Flow Solver ...................................................................................................................................................... 884 

Shuzhi Zhang, Vansh Sharma, Shivank Sharma, Ral Bielawski, Venkat Raman 

Comparison of Common Research Model Wing Meshes for Drag Minimization Using Fluent 

Adjoint Optimization ........................................................................................................................................ 902 

Maria A. Aleman Chona, Leonel Serrano 

Hybrid Eulerian-Lagrangian Method for Complex 3D Viscous Flows ............................................................ 924 

Johan Valentin, Luis F. Bernardos, Gregory Pinon, Elie Rivoalen 

SUPERSONIC/HYPERSONIC APPLICATIONS II 

Effect of Spanwise Instabilities on Hypersonic Flows ..................................................................................... 942 

Ozgur Tumuklu 

Hypersonic Boundary Layer Treatment with Wavy Wall ................................................................................. 957 

Matteo Ruggeri, Benjamin L. Bemis, Megan C. Sieve, Carson L. Running, Jonathan L. Hill, 

Matthew P. Borg, Karl Jantze, Carlo Scalo 

High-Fidelity CFD Simulation of Supersonic Flow Over a Forward-Facing Step ........................................... 968 

Ethan Sirak, Scott E. Sherer, Darrell S. Crowe, Marilyn J. Smith 

A Numerical Investigation on the Origin Mechanisms for Heat Streaks on Swept Geometries in 

Hypersonic Flows ............................................................................................................................................. 983 

Bryan J. Morreale, Jacob Smotzer, Graham Lakin, Bret Van Poppel, Ivett Leyva 

TOOLS FOR FLIGHT AND ENGINE CHARACTERISTICS PREDICTION II (INVITED) 

Large-Scale Computational Fluid Dynamics Simulations of Aerospace Configurations on the 

Frontier Exascale System ................................................................................................................................. 998 

Eric J. Nielsen, Aaron Walden, Gabriel Nastac, Li Wang, William Jones, Mark Lohry, William 

K. Anderson, Boris Diskin, Yi Liu, Christopher L. Rumsey, Prahladh Iyer, Patrick Moran, 

Mohammad Zubair 

Uncertainty and Sensitivity Analysis of the PSP Rotor Performance Using Computational Fluid 

Dynamics ........................................................................................................................................................ 1030 

John A. Schaefer, Manas S. Khurana, Andrew Wissink, Robert P. Narducci 

TURBULENCE MODELING AND APPLICATIONS I 

Turbulent Flow Control Using Wall Sensing .................................................................................................. 1056 

Anushka Subedi, Yulia Peet 



Analysis of Dominant Terms in Reynolds-Stress Budgets for a Hot Free Subsonic Jet Using Large-

Eddy Simulation ............................................................................................................................................. 1070 

Basile Desmolin, Emmanuel Laroche, Julien Troyes, Adrien Langenais 

Towards an Immersed-Boundary Resolvent Analysis Framework for Wall-Bounded Flows with 

Various Surface Configurations ...................................................................................................................... 1092 

Zoey Flynn, H. Jane Bae, Andres Goza 

Analysis of Sub-Filter-Scale (SFS) Shear Stress and Heat Flux in Hypersonic Turbulent Boundary 

Layers .............................................................................................................................................................. 1106 

Sabbir Ahmed, Raagvendra Singh, Takahiko Toki, Carlo Scalo, Lian Duan 

CFD FOR NONEQUILIBRIUM FLOW PHYSICS I 

Sensitivity Analyses of Thermochemical Kinetics for Radiating Ablative Nonequilibrium 

Hypersonic Flows ............................................................................................................................................ 1132 

Nicholas Carter, Iain D. Boyd 

A Preferential Model for Electronic Energy Transfer and Its Chemistry Coupling in Hypersonic 

Flows ............................................................................................................................................................... 1162 

Sung Min Jo, Jae Gang Kim, Alessandro Munafò, Marco Panesi 

Ablation Modeling with Density-Based Navier Stokes Solver, an Implementation and Validation of 

Two Carbon Models ........................................................................................................................................ 1170 

Bruce G. Crawford, Mitchell A. Uretsky, Chao Han, Song Gao, Valerio Viti, Jean-Sebastien 

Cagnone 

Comet: Development of an Unstructured Mesh Direct Simulation Monte Carlo Code on GPUs ................... 1185 

Chonglin Zhang 

NUMERICAL METHODS III: HIGH-ORDER METHODS 

Scale-Resolving Simulations of the Supersonic Taylor-Green Vortex Using a High-Order 

Discontinuous Galerkin Method ...................................................................................................................... 1197 

Jean-Baptiste Chapelier 

Extending Economical Third-Order Inviscid Nodal-Gradient Cell-Centered Finite-Volume Method 

to Mixed-Element Grids ................................................................................................................................. 1208 

Hiroaki Nishikawa, Jeffery A. White 

High-Order Upwind Multi-Layer Compact Scheme (MLC) with Shock-Fitting Method for Two-

Dimensional Supersonic Flows ...................................................................................................................... 1225 

Yung-Tien Lin, Xiaolin Zhong 

High-Order Large Eddy Simulation of Turbulent Flow with 6DOF Rigid-Body Motion .............................. 1244 

Salman Rahmani, Haiyang Chao, Zhi J. Wang 

SUPERSONIC/HYPERSONIC APPLICATIONS III: DNS/LES 

Large-Eddy Simulations of Compressible Turbulent Boundary Layer Flows ................................................ 1272 

Andreas Gross, Matt Barone, Nathan E. Miller 

Wall-Modeled Large-Eddy Simulation of a Cone-Slice-Flap Geometry at Mach 6 ....................................... 1296 

Ik Jang, Brad Perfect, Gregory C. Burton 



Comparison of Direct-Numerical and Large-Eddy Simulations of Mach 11 Hypersonic Turbulent 

Flow Over a Flat Plate .................................................................................................................................... 1308 

Biswaranjan Pati, Takahiko Toki, Raagvendra Singh, Sabbir Ahmed, Lian Duan, Carlo Scalo 

Three-Dimensional and Time-Accurate Numerical Model to Simulate Plasma Jet in ICP Facilities ............. 1324 

Prathamesh R. Sirmalla, Alessandro Munafò, Sanjeev Kumar, Sung Min Jo, Daniel J. Bodony, 

Marco Panesi 

CFD METHODS FOR APPLIED AERODYNAMICS II 

CFD Study of a Partial Micro Unmanned Aerial Vehicle with a Coupling of an Immersed Boundary 

Method and Overset Grid Method .................................................................................................................. 1335 

Alexis Dorange, Christophe Benoit, Benjamin Constant, Stéphanie Péron, Eric Garnier 

Aerodynamics of Large Aspect Ratio Wings with Distributed Propellers Via the Vortex-Lattice 

Method and High-Fidelity Simulations .......................................................................................................... 1355 

Zachary K. Ciera, Bryn Jones, Peter Nagy, Marco Fossati 

Inlet Mapping of Wingtip Vortices in LES for Wake Vortex Surfing ............................................................. 1369 

Jia Cheng Chan, Henrik Hesse, Peng Cheng Wang 

A Non-Viscous Investigation of Mesh Refinement and Sweep Angle Effects on Combat Fighters ............... 1387 

Daniel  O. Ferreira, Adson A. De Paula, Ricardo G. Da Silva, Ney R. Sêcco 

GPU-Accelerated LES Analysis of Stalled Airfoils for Vortex and Stall-Induced Vibration 

Prediction ........................................................................................................................................................ 1411 

Surya Chakrabarti, Nikolai Pastouchenko, Jupudi Ravichandra, Martin Stettner, Valentina 

Motta 

TURBULENCE MODELING AND APPLICATIONS II 

Dynamics of Jet Expansion and Impingement Across a Spectrum of Nozzle Pressure Ratios ....................... 1426 

Ozgur Tumuklu 

Functional Correction to Spalart-Allmaras Turbulence Model Using Field Inversion and Data 

Mining: A Novel Approach ............................................................................................................................ 1447 

Muhammad Muneeb Safdar, Apurva Anand, James Baeder 

Assessment and Extension of the Wray-Agarwal Turbulence Model for Shock Wave-Boundary 

Layer Interactions ........................................................................................................................................... 1462 

Semih Can Akca, Erdem Dikbas, Ozgur U. Baran 

Regularized K − Logω Turbulence Model Applied to the Compressible RANS Equations and High-

Order Flux Reconstruction Scheme ................................................................................................................ 1478 

Jesus Pueblas, Fernando Gisbert 

Evaluation of Various Turbulence Models for RANS Computations of Supersonic Flow in a 

Compression Corner ....................................................................................................................................... 1491 

Dexter Allen, Ramesh K. Agarwal 



AIRFOIL/WING/CONFIGURATION AERODYNAMICS I 

Multi-Fidelity Training Data Generation for the Development of DeepAirfoil, an Airfoil Design 

and Analysis Tool ........................................................................................................................................... 1506 

Richard C. Healy, Nathan Beals, Phuriwat Anusonti-Inthra 

VOLUME 3 

Vortex Impulse Theory for Delta Wings ......................................................................................................... 1524 

Shiangyu Lee 

Vortex Impulse Analysis of Arrow Wings ...................................................................................................... 1533 

Shiangyu Lee 

Study of Aerodynamic Characteristics and Turbulence Effects on Low Reynolds Number and High-

Lift Airfoils in Martian Atmosphere ............................................................................................................... 1540 

Absar A. Khan, Muhammad H. Imran, Muhammad J. Iqbal 

Ground Effects on the Aerodynamics of Tailless Aircraft – a Numerical Study ............................................ 1556 

Saravanan Balasubramanian, Vivek Ahuja, Balakrishnan N, Tarun Uppal 

Ejection Flow Direction Effect on the Fluidic Winglet: An Alternative to Conventional Winglet ................. 1567 

Hessa Almarzooqi 

TURBULENCE MODELING AND APPLICATIONS III: WALL-MODELED LES 

Immersed Boundary Wall-Modelled Large Eddy Simulations for Automotive Aerodynamics ...................... 1583 

Jordan B. Angel, Aditya Ghate, Gaetan Kenway, Man Long Wong, Cetin C. Kiris, Neil Ashton 

Evaluation of Wall-Modeled LES for Flow Over a Multi-Element Airfoil .................................................... 1604 

Prahladh S. Iyer, Li Wang, Christopher L. Rumsey, William K. Anderson, Ponnampalam 

Balakumar, Eric J. Nielsen, Mujeeb R. Malik 

Reynolds Number Sensitivities in Wall-Modeled Large-Eddy Simulation of a High-Lift Aircraft ................ 1624 

Rahul Agrawal, Michael Whitmore, Konrad Goc, Sanjeeb Bose, Parviz Moin 

Investigation of Loosely-Coupled Conjugate Heat Transfer with Wall-Modeled Large Eddy 

Simulation in a Mach 2.5 Flow ...................................................................................................................... 1636 

Julia Muller, Joshua Boisvert, Meghna Dutta, Joseph Oefelein 

Wall-Modeled Large Eddy Simulation of the A-Airfoil Using Body-Fitted and Immersed-Boundary 

Codes .............................................................................................................................................................. 1649 

Md. Daluar Hussain, Joshua Batstone, Christoph Brehm, Johan Larsson, William Van Noordt 

MESHING STRATEGIES/ ADAPTATION FOR CFD APPLICATIONS 

In-Memory Parallel Anisotropic Mesh Adaptation for Unsteady Hypersonic Problems ................................ 1660 

Onkar Sahni, Cameron S. Brown, Mikiel Gica, Sharanjeet Kaur, Giovanni Salazar, Patrick 

Keistler 

Best Practices and Mesh Convergence on the Extruded Imperial Front Wing with CharLES Solver ............ 1672 

Andrew S. O'Sullivan, Kunal Puri, Esteban Ferrer 



Unsteady Metric-Based Adaptation Via Koopman Expansion ....................................................................... 1700 

Cherith Lavisetty, Luca Massa, Rakesh Kapania, Edward Szwabowski 

SCALE-RESOLVING SIMULATION INCLUDING DNS/LES/HYBRID METHODS I 

Prediction of a Laminar Separation Bubble on Low-Reynolds Airfoils Using Variational Multiscale 

Method ........................................................................................................................................................... 1729 

Carlo Brunelli, Matija Avirovic, Bart Janssens, Benoît Marinus, Georg May, Mark Runacres 

Wall-Resolved LES Study of Shaped-Hole Film Cooling Flow for Varying In-Hole Surface 

Roughness ...................................................................................................................................................... 1740 

Ibrahim Jarrah, Pinaki Pal, Muhsin Ameen, Michael M. Joly 

Wall-Modeled Large Eddy Simulations of Transonic Buffet Over a Supercritical Airfoil ............................. 1756 

Ryan Hass, Jeffrey A. Housman, Gerrit-Daniel Stich, Emre Sozer, Jared Duensing 

Scale Resolving Simulation of Wing Lower Surface Buffet Effects Induced by the Installation of a 

UHBR Nacelle ................................................................................................................................................ 1780 

Sebastian Spinner, Ralf Rudnik, Marius Herr, Axel Probst, Rolf Radespiel 

The Response of Wall Turbulence to Streamwise Pressure Gradients: A Computational Study .................... 1801 

Matthew W. Brockhaus, Adrian Sescu, Leonardo Chamorro 

CFD FOR NONEQUILIBRIUM FLOW PHYSICS II 

Raytracing Analysis of Blackout Phases During Earth Re-Entry ................................................................... 1822 

Vincent Giangaspero, Vatsalya Sharma, Andrea Lani, Stefaan Poedts 

Modeling Thermochemical Nonequilibrium with the Continuous Galerkin Finite Element Flow 

Solver PHASTA ............................................................................................................................................. 1840 

Connor W. Morency, Kenneth E. Jansen 

Thermochemical Nonequilibrium Modeling in a Continuous-Galerkin, Finite-Element Framework ............ 1851 

Nicole F. Nutter, Devina P. Sanjaya, Ryan S. Glasby, Douglas L. Stefanski, Jon T. Erwin, 

Franklin Curtis 

Development and Testing of Thermo-Chemical Nonequilibrium Extension for Large-Eddy 

Simulation Code ............................................................................................................................................. 1871 

Arafat Ahmed, Andreas Gross 

Numerical Simulation of Non-Equilibrium Effects on Hypersonic Flow Over a Cylinder ............................ 1897 

Brij J. Chaun, Shankar Ghosh 

SCALE-RESOLVING SIMULATION INCLUDING DNS/LES/HYBRID METHODS II 

Simulation of a Mach 2 Jet in a Supersonic Retropropulsion Configuration .................................................. 1911 

Justin Shafner, Pino Martin 

Three-Dimensional Effects in Turbulent Shear Layers .................................................................................. 1929 

Vedant Kumar, Dipendra Gupta, Gregory P. Bewley, Johan Larsson 

RANS/WMLES Hybrid Simulation of Vortex Generator Effect Over a Three-Elemental Airfoil 

Flap ................................................................................................................................................................. 1937 

Yoimi Kojima, Yoshiyasu Ichikawa, Shunsuke Koike 



Validation of Immersed Boundary Wall-Modelled Large Eddy Simulations with F-16XL Flight 

Data ................................................................................................................................................................ 1947 

Jordan B. Angel, Man Long Wong, Gaetan Kenway, Aditya Ghate, Cetin C. Kiris 

AIRFOIL/WING/CONFIGURATION AERODYNAMICS II 

Split-Canard Optimization for Improvement of Canard Aerodynamic Performance ..................................... 1960 

Batuhan Nasuhbeyoglu, Semih C. Akça 

CFD Predictions of the Aerodynamic Characteristics of S1223 Airfoil at Low Reynolds’ Number .............. 1969 

Shruthi Jha, Govind Jayakumar, Abdul Gafoor, Nagabhushana Rao Vadlamani, Santanu 

Ghosh 

Computational and Experimental Investigation of Dornier 228 Aerodynamic Performance 

Prediction in High-Lift Configuration ............................................................................................................ 1981 

Botond Iosif Pal, Artemii Sattarov, Luca Mangani, Olivier Thiry, Daniel Steiling, Mario Rüd, 

Philippe Stephani 

Numerical Investigation of Compressibility Effect on Dynamic Stall for NACA0012 Wing Section ........... 2003 

Bryan E. Chanez Dozal, Sunyoung Lee, Andreas Gross 

In Silico Studies of the Upturned Wing Tip Aerodynamics for the Design Optimization of Multiple 

Winglets with Variable Cant Angles for Transonic Aircraft ........................................................................... 2020 

Arpita Dutta, Vinay Dekkala, Sai Sreeshanth Bogi, Yash Raj, Suraj Krishna, Aayush Raj, 

Raunak Sharma, Manoj K. Paidisetty, Rajesh Kumar Saluja, Abhishek Prasad, Vr Sanal 

Kumar 

Aerodynamic Performance Optimisation of an Aerofoil with Combined Leading-Edge and Trailing-

Edge Morphing Transformations .................................................................................................................... 2055 

Muram Abbadi, Sing Lo, Yufeng Yao, Doni Daniel 

SCALE-RESOLVING SIMULATION INCLUDING DNS/LES/HYBRID METHODS III 

Periodicity Detection Methodology in Spatially-Developing Turbulent Boundary Layers ............................ 2082 

Matthew Holland, Christian Lagares, Guillermo Araya 

Noise Predictions of a Dual-Stream Jet with Forced Internal Mixing ............................................................ 2109 

Olivia G. Martin, Gao Jun Wu, Sanjiva Lele 

Lattice Boltzmann Method for Large Eddy Simulation of Turbulent Flows .................................................. 2130 

Burakhan Sukuroglu, Alihan A. Cinar, Ayse G. Gungor 

Immersed Boundary Wall-Modelled Large Eddy Simulations of Subsonic Jet Flows and Acoustics ............ 2140 

Man Long Wong, Aditya Ghate, Gaetan  K. Kenway, Jordan B. Angel, Cetin C. Kiris 

VERIFICATION, VALIDATION, AND UNCERTAINTY QUANTIFICATION 

Numerical Investigation of Aerodynamic Uncertainties Caused by Turbulence Modeling for a 

Missile in Transonic Flow .............................................................................................................................. 2160 

Salih Kagan Durmus, Nilay Sezer Uzol 

Numerical Investigation of Freestream Turbulence Effect on Flow Through Low-Pressure Turbine 

Cascade ........................................................................................................................................................... 2175 

Md Abrar Hoque, Andreas Gross 



Comparison of Full-Field and Integrated CFD Convergence Based on Richardson Extrapolation ................ 2198 

Justin R. Weinmeister, Devina P. Sanjaya 

Validation of a Low Dissipation Lattice-Boltzmann Method for Transonic Flows in Aerospace 

Applications.................................................................................................................................................... 2225 

Rafael F. Vieira, Swen Noelting, Satish Muthu, Pradeep Gopalakrishnan, Yanbing Li, 

Raoyang Zhang 

Parametric Sensitivity Analysis and Uncertainty Quantification of Ice Giant Aerocapture 

Aerothermodynamics ..................................................................................................................................... 2239 

Jens A. Rataczak, Iain D. Boyd, Jay W. McMahon 

Author Index 

 




