Computational Fluid Dynamics
2021

Papers Presented at the AIAA Aviation Forum 2021

Online
2 - 6 August 2021

ISBN: 978-1-7138-4357-3



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

ADAPTIVE MESHING |

MULTISCALE MESH ADAPTATION FOR TRANSONIC AEROELASTIC FLUTTER

PROBLEMS ... bbbt

Kevin Jacobson, Bret Stanford, Jan F. Kiviaho, Thomas A. Ozoroski , Michael A. Park, Pawel
Chwalowski

TOWARDS AN AUTOMATED UNSTRUCTURED GRID ADAPTATION WORKFLOW WITH

VULCAN L bt h e R Rt bbb e e bR Rt Rt bR e e nn e r e nr et

Matthew O'Connell, Jeffery A. White, Kyle B. Thompson

BOUNDARY LAYER TRANSITION |

EFFECT OF PARAMETRIC VARIATION OF SINUSOIDAL SURFACE ROUGHNESS ON

HIGH-SPEED BOUNDARY LAYER STABILITY ...oviiiiiii e

Bijaylakshmi Saikia, Leonard Duefias, Niclas Dotzauer, Christoph Brehm

MACHINE-LEARNING BASED AMPLIFICATION FACTOR TRANSPORT EQUATION FOR

TRANSITION MODELING .......ooiiiiiiiii e e

Bryan Barraza, Pedro Castillo Gomez, Aldo Tena, Andreas Gross

DYNAMICAL SYSTEM ANALYSIS OF A ZERO-EQUATION TRANSITION MODEL FOR

SENSITIVITY TO INITIAL CONDITIONS. .....ociiiiiitiineiee sttt

Jatinder Pal Singh Sandhu, Santanu Ghosh

HIGH-ORDER METHODS I: SHOCK FITTING

APPLICATION OF MDG-ICE TO SHOCK-MATERIAL INTERFACE INTERACTIONS....................

Andrew T. Corrigan, Andrew D. Kercher, Pierson T. Guthrey, Robert Nourgaliev

HIGH-ORDER IMPLICIT SHOCK TRACKING WITH TARGETED MESH OPTIMIZATION

AND PDE-BASED SMOOTHING. ..ottt

Tianci Huang, Matthew J. Zahr

BOUNDARY LAYER TRANSITION I

DEVELOPMENT OF A NEW TRANSITIONAL FLOW MODEL INTEGRATING THE ONE-
EQUATION WRAY-AGARWAL TURBULENCE MODEL WITH AN ALGEBRAIC

INTERMITTENCY TRANSPORT TERM ...cooiiiiiiiiicii s

Yan Xue, Ramesh K. Agarwal

OPTIMIZED CROSS FLOW TRANSITION MODEL FOR REYNOLDS AVERAGED NAVIER

STOKES APPLICATIONS ...ttt r ettt

Benjamin Barrouillet, Eric Laurendeau, Hong Yang



HIGH-ORDER METHODS 11: DISCONTINUOUS GALERKIN SCHEMES

HIGH-PERFORMANCE DISCONTINUOUS GALERKIN FLOW SOLVER USING DIRECT
RECONSTRUCTION METHOD .....cocitiiiieiisieisisie ettt sttt e bt sssae e sese e naass 144
Hojun You, Juhyun Kim, Chongam Kim

ADAPTIVE DISCONTINUOUS-GALERKIN REDUCED-BASIS REDUCED-QUADRATURE
METHOD FOR MANY-QUERY CFD PROBLEMS ........ccoi ittt 165
Eugene Du, Michael Sleeman, Masayuki Yano

A DISCONTINUOUS GALERKIN METHOD FOR MULTI-MATERIAL HYDRODYNAMICS
ON UNSTRUCTURED MESH ...ttt 187
Weizhao Li, Hong Luo, Aditya Pandare, Jacob Waltz, Jozsef Bakosi

ACCELERATION AND ANALYSIS OF ALGORITHMS |

ANALYSIS OF ITERATIVE SOLVERS FOR HYBRIDIZED DISCONTINUOUS GALERKIN
IMETHODS. ...ttt bt b e bbbt bt h b bbb bR bbb st bbbttt b e bt b 204
Krzysztof Fidkowski

EFFICIENT PRECONDITIONING OF A HIGH-ORDER SOLVER FOR MULTIPLE PHYSICS.............. 221
Matteo Franciolini, Anirban Garai, Scott Murman

A SIMPLIFIED FANG CELL-CENTERED FINITE-VOLUME METHOD AND COMPARISON
WITH OTHER METHODS FOR TROUBLE-PRONE GRIDS.........c.ccci ittt 233
Hiroaki Nishikawa, Jeffery A. White

SCALABILITY STUDY OF A LARGE DITCHING MODEL USING RADIOSS MULTI-
DOMAIN TECHNIQUE TO REDUCE COMPUTATIONAL TIME......ccccoiieiiiieerireieresseseseeenesseeseseens 262
Rafael Bini Leite, Armando d. Barriga, Gerardo Olivares, Luis Gomez

SPECIAL SESSION: CFED 2030

CFD VISION 2030 ROAD MAP: PROGRESS AND PERSPECTIVES ........cccoooiiiiineeee e 273
Andrew W. Cary, John Chawner, Earl P. Duque, William Gropp, William L. Kleb, Raymond
M. Kolonay, Eric Nielsen, Brian Smith

ACCELERATION AND ANALYSIS OF ALGORITHMS 11

A DEEP LEARNING FRAMEWORK FOR DERIVATION OF TIME-STABLE DIFFERENCE
SCHEMES ...t b et b ettt b e ekt b et e bt e b e bt e b e e bt e b e e bt bt b e bt b bt et be e bt 299
Nek Sharan, Mahesh Natarajan, Peter T. Brady, Daniel Livescu

EDGE BASED VISCOUS METHOD FOR NODE-CENTERED FORMULATIONS ........cccovviiiinieniniens 311
Yi Liu, Boris Diskin, William K. Anderson, Eric Nielsen, Li Wang

2D IMMERSED BOUNDARY SOLVER FOR COMPRESSIBLE LAMINAR FLOWS..........ccccce v, 337
MLNV Kasturi Rangan, Santanu Ghosh

SLAU2-MHD FOR LOW MACH MAGNETOHYDRODYNAMICS (MHD) SIMULATIONS .................. 358
Tomohiro Mamashita, Keiichi Kitamura, Takashi Minoshima



LAE MODEL(S) WITH VELOCITY, DENSITY AND ENTROPY .....ccoviiiirriinirienirieeessie s 371
Donald A. French, John Benek, C.J. Suchyta

ADAPTIVE MESHING II

AERODYNAMIC OPTIMIZATION COUPLED WITH ADJOINT-BASED ADAPTIVE
UNSTRUCTURED MESHES ...ttt sttt e e et e s tae et e s te e e sbe e e s teeeateeestaeennneesraeenneeans 379
Humberto H. Lemos, Ney Sécco

BOUNDARY REPRESENTATION TOLERANCE IMPACTS ON MESH GENERATION AND
ADAPTATION ..ttt bbb bt b bbb £ b b e b bt bbbt b ek h e nb e b b e b ket et e bt bt et nn et 393
Michael A. Park, Robert Haimes, Nicholas J. Wyman, Patrick A. Baker, Adrien Loseille

HIGH-ORDER METHODS I11: FLUX RECONSTRUCTION

ENTROPY STABLE SPLIT FORMS FOR THE FLUX RECONSTRUCTION HIGH-ORDER
METHOD: THREE-DIMENSIONAL NUMERICAL VALIDATION.......cooeiit e see e sve e 412
Alexander Cicchino, Siva Nadarajah

HIGH-ORDER METHODS FOR PARABOLIC EQUATIONS USING A SPACE-TIME FLUX
RECONSTRUCTION APPROACH ...ttt sttt aes s e se st e ssesenesseseensnses 423
Thomas A. McCaughtry, Rob Watson, Marco Geron

RELATIVE PERFORMANCE OF HIGH-ORDER TO 2ND ORDER SCHEMES FOR
BENCHMARK LES PROBLEMS ..ottt bbbttt 443
Zhi J. Wang

SPECIAL SESSION: CFD AND COVID-19

INTEGRATING CFD AND EXPOSURE MODELING FOR ESTIMATING VIRAL

EXPOSURES AT THE AIR-SURFACE INTERFACE .......ccccotititiiiiiiiieieeet s 456
Amanda M. Wilson, Marco-Felipe King, Martin Lopez-Garcia, lan Clifton, Jessica Proctor,
Kelly A. Reynolds, Catherine J. Noakes

HIGH-ORDER METHODS 1V: NOVEL DISCRETIZATIONS

HIGH-ORDER ACCURATE INCOMPRESSIBLE NAVIER-STOKES SOLVER BASED ON
VORTICITY-VELOCITY FORMULATION FOR ORTHOGONAL CURVILINEAR GRIDS.................... 465
Shirzad Hosseinverdi, Hermann F. Fasel

A HIGH-ORDER LEVEL-SET METHOD COUPLED WITH AN EXTENDED

DISCONTINUOUS GALERKIN METHOD FOR SIMULATING MOVING INTERFACE

PROBLEMS ... ettt bbbk E e h £ E b s bbbt b bbbt b ettt 489
David Henneaux, Pierre Schrooyen, Larbi Arbaoui, Philippe Chatelain, Thierry E. Magin

AN RBF-BASED FINITE DIFFERENCE DISCRETIZATION OF THE NAVIER-STOKES
EQUATIONS: ERROR ANALYSIS AND APPLICATION TO LID-DRIVEN CAVITY FLOW. ................ 518
Tianyi Chu, Oliver Schmdit

TOWARD PHYSICALLY-BASED LIMITING FOR THE ACTIVE FLUX SCHEME..........coccoviniiinens 533
Yifan Bai, Philip L. Roe



RECOVERY WITH TENSOR-PRODUCT BASIS ON TRIANGULAR GRID ......ccccoceiiiiiiinirnienseniees
Loc H. Khieu, Maryknoll Dsouza, Eric Johnsen

OVERSET METHODS

ENHANCING SCALABILITY FOR FUN3D ROTORCRAFT SIMULATIONS WITH YOGA:
AN OVERSET GRID ASSEMBLER ..ottt sttt nae e e e naeneenne e
Cameron T. Druyor

A PARALLEL SYMMETRIC SUCCESSIVE OVERRELAXATION METHOD FOR
OVERFLOW ...ttt bbb bbb £ b bt £ b bt £ bbbt bbbt bbbt bbb e b
Joseph M. Derlaga, Charles Jackson, Pieter G. Buning

LARGE EDDY SIMULATION I: WALL AND SGS MODELING

DEVELOPMENT OF AN EXPLICITLY FILTERED LARGE-EDDY SIMULATION

FRAMEWORK FOR THE COHERENT-VORTICITY PRESERVING (CVP) EDDY

VISCOSITY CORRECTION ...ttt ettt b et stk b bbb bbbt sb et b e b bt nnebas
Nicola M. Lucarelli, Jean-Baptiste Chapelier, Bono Wasistho, Carlo Scalo

WALL-MODELED LARGE-EDDY SIMULATIONS OF TURBULENT SHOCKWAVE
BOUNDARY LAYER INTERACTION AND BOUNDARY LAYER FLOWS......c.ccccoovriivierineniessenenieens
Andreas Gross, Pedro Castillo Gomez, Sunyoung Lee

ASSESSMENT OF WALL-MODELED LES WITH A FLUX-RECONSTRUCTION METHOD
FOR HIGH REYNOLDS NUMBER TURBULENT FLOWS ..ottt
Yuma Fukushima, Takanori Haga

IMMERSED-BOUNDARY WALL-MODELED LARGE-EDDY SIMULATION OF HIGH
MACH NUMBER BOUNDARY LAYER FLOWS.......cco oottt
William van Noordt, Sparsh Ganju, Christoph Brehm

WALL-MODELED LARGE-EDDY SIMULATION WITH SECOND-ORDER ACCURATE
UPWIND SCHEME ... ..ottt ettt ettt ettt e et e s bt e e bt e e eh e e et e s e sbaesbesssbeesabesesbessebesssbessbesssreessrenaa
Hidemasa Yasuda, Soshi Kawai

SPECIAL SESSION: SMOOTH BODY SEPARATION

SHOCK INDUCED SEPARATION IN A TRANSONIC FLOW PAST AN AXI-SYMMETRIC

Monica Gupta, Anindya Datta, Joseph Mathew, Santosh Hemchandra

A NEW VALIDATION EXPERIMENT FOR SMOOTH-BODY SEPARATION ......cccoovviiiiieieseieiiinns
Patrick D. Gray, lgal Gluzman, Flint Thomas, Thomas Corke, Matthew Lakebrink, Kevin
Mejia

ASSESSMENT OF ZDES FOR WMLES OF TURBULENT BOUNDARY LAYERS WITH
PRESSURE GRADIENT AND MILD FLOW SEPARATION ......ccoiiiiitiieiseset et
Jaime Vaquero, Nicolas Renard, Sébastien Deck



VALIDATION AND VERIFICATION

UNCERTAINTY ESTIMATES FOR SONIC-BOOM PRESSURE SIGNATURES AND
LOUDNESS CARPETS . ..o ctte ettt ettt sttt et ettt et st e st e e st e e st e e steetssat s s bt s sae e st e et e estesbtesbeesbeesbeestesnbsssessreesreeses 707
Marian Nemec, Michael J. Aftosmis, Liam Smith

RANS AND WALL-MODELED LES PREDICTIONS FOR THE SANDIA CHALLENGE ON
TRANSONIC, SEPARATED FLOW ...ttt b et se et sbe st ebenn et nn e sne e 726
Logan P. Riley, Michael Adler

OPEN SOURCE RECONFIGURABLE AIRCRAFT CABIN AIRFLOW MODEL .........ccccovviiiinniieniienen, 739
Chloe Greenstein, Ava Thrasher, Julia Clark, Aaron Ocken, Liam Sullivan, Ananya Saxena,
Alena Zeni, Nitin Rao, Parimal H. Kopardekar, John Melton

NUMERICAL SIMULATIONS OF CONTAINERIZED-LOAD FIRE SCENARIO FOR
AIRCRAFT CARGO FIRE SAFETY ...ttt ittt ettt bttt se bt nnnas 746
Yifang Xiong, Michail Diakostefanis, Suresh Sampath

HYBRID RANS/LES: FUNDAMENTALS

ASSESSMENT OF ELLIPTIC-LENGTH SCALES IN UNIFIED K-W MODEL ........cccoovviieririeerisineninienns 756
Md Mizanur Rahman, K. Hasan, Huachen Pan, Zhigian Sang

NUMERICAL SIMULATIONS OF FLOW PAST A THREE-CYLINDER ROTATING SYSTEM
USING HYBRID RANS/LES TURBULENCE MODELS .......ooooiiiie ettt eee e een s ee s svae e 770
Nick L. Thomas, Al Habib Ullah, Yildirim B. Suzen, Jordi Estevadeordal

PERFORMANCE OF VARIOUS TURBULENCE MODELS FOR SIMULATING SUB-
CRITICAL HIGH-REYNOLDS NUMBER FLOWS OVER A SMOOTH CYLINDER ......ccccceovvininririnnen, 789
Michael D. Mays, Sylvain Laizet, Sylvain Lardeau

HIERARCHICAL MODELLING OF TURBULENCE AND GEOMETRY FOR FAN FLOWS.................. 806
Zhong-Nan Wang

LARGE EDDY SIMULATION II: NUMERICAL INVESTIGATIONS

AXISYMMETRIC AND ASYMMETRIC TURBULENT SHOCKWAVE BOUNDARY LAYER
INTERACTION AT MAGCH 2.5 .. ettt s e st st e et e e s nte e s s e e snte e stb e e saeeesreeennneennes 817
John-Paul G. Mosele, Andreas Gross, John Slater, David Davis, Manan A. Vyas

NUMERICAL INVESTIGATION OF 50% REACTION LOW-PRESSURETURBINE STAGE ................. 850
Zachary D. Robison, Stephen Simko, Andreas Gross

NUMERICAL INVESTIGATION OF EFFECT OF CORRUGATED WALL ON SUPERSONIC
TURBULENT SHOCK-WAVE BOUNDARY LAYER INTERACTION ....ccccveiiiieresr e 877
Sunyoung Lee, Andreas Gross

Author Index





