
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-4353-5 

Atmospheric and Space 
Environments 

Online 
2-6 August 2021 

 

Papers Presented at the AIAA Aviation Forum 2021 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 

 

NUMERICAL MODELS FOR ICE ACCRETION SIMULATION PART 1 

MULTI-LAYER STOCHASTIC ICE ACCRETION MODEL FOR AIRCRAFT ICING .................................. 1 

Helene Papillon Laroche, Simon Bourgault-Cote, Eric Laurendeau 

AN IMMERSED BOUNDARY METHOD FOR MULTI-STEP ICE ACCRETION USING A 

LEVEL-SET ....................................................................................................................................................... 16 

Pierre Lavoie, Emmanuel Radenac, Ghislain Blanchard, Eric Laurendeau, Philippe Villedieu 

AN AUTOMATED REFINEMENT PROCESS FOR PARTICLE TRAJECTORY METHODS IN 

GLENNICE ........................................................................................................................................................ 36 

William B. Wright, Christopher E. Porter, Mark G. Potapczuk, Eric Galloway, David L. 

Rigby 

ATMOSPHERIC HAZARDS 

HYDROPHOBIC WINDSCREEN COATING FOR NEXT GENERATION CIVIL TILT ROTOR: 

EXPERIMENTAL TESTING AND QUALIFICATION .................................................................................. 48 

Ernesto Benini, Marco Bertolini, Lorenzo Dal Toso, Elisabetta Poli, Guglielmo Macrelli, 

Mike Kerr, Luca Patricelli, Michela Sabrina Faraoni 

CHARACTERIZING WAKE VORTICES OF LANDING AIRCRAFT USING ARTIFICIAL 

NEURAL NETWORKS AND LIDAR MEASUREMENTS ............................................................................. 59 

Niklas Wartha, Anton Stephan, Frank N. Holzäpfel, Grigory Rotshteyn 

PREDICTING EROSION FROM AIRBORNE PARTICLES ON SURFACES USING A  

SOFT-SPHERE COLLISION MODEL ............................................................................................................. 78 

Cairen J. Miranda, John Palmore 

CHEMICALLY REACTING RAREFIED HYPERSONIC FLOW OVER A BACKWARD-

FACING STEP ................................................................................................................................................... 94 

Arjun Singh, Deepak Nabapure, Ram Chandra Murthy K 

NUMERICAL MODELS FOR ICE ACCRETION SIMULATION PART 2 

HIGH-FIDELITY NUMERICAL ICE PREDICTION ON ROTORS ............................................................. 105 

Myles Morelli, Alberto Guardone 

HEAT TRANSFER MODELING BY INTEGRAL BOUNDARY-LAYER METHODS 

TOWARDS ICING APPLICATIONS ............................................................................................................. 119 

Rémi Harry, Emmanuel Radenac, Ghislain Blanchard, Philippe Villedieu 

A MODEL FOR ICE ACCRETION ROUGHNESS EVOLUTION AND SPATIAL 

VARIATIONS .................................................................................................................................................. 141 

Stephen T. McClain, Mario M. Vargas, Jen-Ching Tsao, Andy P. Broeren 

INFLUENCE OF THE DEFORMATION IN THE COLLECTION EFFICIENCY ON A PROFILE 

APPLYING DRD MODEL .............................................................................................................................. 159 

Suthyvann Mendi, Adelaida Garcia-Magarino, Patricia Morote, Jose Manuel Olalla 



MEASUREMENT OF ICING CLOUDS 

SIMULTANEOUS ICE WATER CONTENT MEASUREMENTS AT MULTIPLE LOCATIONS 

ON THE NASA DC-8 AIRCRAFT DURING THE 2018 HIWC RADAR FLIGHT CAMPAIGN ............... 174 

Lyle E. Lilie, Dan Bouley, Christopher P. Sivo, John W. Strapp, Thomas P. Ratvasky 

A SUPPLEMENTARY ANALYSIS AND COMPARISON OF FLIGHT CAMPAIGN DATA TO 

14 CFR PART 33 APPENDIX D/ CS 25 APPENDIX P ................................................................................. 189 

Terrance Tritz, John W. Strapp, Jeanne Mason, Melissa Bravin, Mengistu Wolde 

UNCERTAINTY QUANTIFICATION FOR IN-FLIGHT ICE ACCRETION UNDER 

APPENDIX-C AND APPENDIX-O CONDITIONS ....................................................................................... 218 

Tommaso Bellosta, Alberto Guardone, Giulio Gori, Pietro Congedo, Olivier Le Maitre 

SLD INSTRUMENTATION IN ICING WIND TUNNELS - INVITED PART 1 

SLD INSTRUMENTATION IN ICING WIND TUNNELS – INVESTIGATION OVERVIEW ................... 237 

Judith F. Van Zante, John W. Strapp, Biagio Esposito, David Orchard, Alexei Korolev, 

Thomas P. Ratvasky, James T. Riley 

ISOKINETIC PROBE TOTAL WATER CONTENT MEASUREMENTS IN THE NASA ICING 

RESEARCH TUNNEL WITH SUPERCOOLED LARGE DROP CONDITIONS ........................................ 254 

Thomas P. Ratvasky, John W. Strapp, Lyle E. Lilie 

ICE PROTECTION SYSTEM DESIGN AND ANALYSIS 

COMPUTATIONAL HEAT FLUX ANALYSIS FOR HEATHER ELECTRIC AIRCRAFT WING 

ICE PROTECTION SYSTEMS ....................................................................................................................... 268 

Nic Heersema, Eric Stewart 

ELECTRO-MECHANICAL RESONANT ICE PROTECTION SYSTEMS: POWER 

REQUIREMENTS FOR FRACTURES INITIATION AND PROPAGATION ............................................. 293 

Valerian Palanque, Marc Budinger, Valerie Pommier-Budinger, Lokman Bennani, David 

Delsart 

SLD INSTRUMENTATION IN ICING WIND TUNNELS - INVITED PART 2 

A PRELIMINARY STUDY OF INTER-FACILITY LWC DIFFERENCES IN APPENDIX C 

AND SUPERCOOLED LARGE DROPLET CONDITIONS DUE TO CALIBRATION 

INSTRUMENTS .............................................................................................................................................. 322 

Laura-Cheri King-Steen, John W. Strapp, David Orchard, Judith F. Van Zante, Alexei 

Korolev, Ivan Heckman, Biagio Esposito 

TEST RESULTS FOR THE SEA ICE CRYSTAL DETECTOR (ICD) UNDER SLD 

CONDITIONS AT THE NASA IRT ............................................................................................................... 335 

Lyle E. Lilie, Dan Bouley, Christopher P. Sivo, Thomas P. Ratvasky 



ICE CRYSTAL ICING - PROBES AND MEASUREMENT  

COMPARISON OF A COMPACT ISOKINETIC TOTAL WATER CONTENT PROBE TO 

STANDARD & T-SHAPED MULTI-ELEMENT PROBES FOR CHARACTERIZING 

GLACIATED, LIQUID AND MIXED PHASE ENVIRONMENTS .............................................................. 349 

Craig R. Davison, Jennifer L. Chalmers 

DROPLET FREEZE-OUT MODEL FOR ICE CRYSTAL ICING TESTING IN ENGINE ICING 

FACILITY ........................................................................................................................................................ 363 

Faezeh Rasimarzabadi, Jennifer L. Chalmers, Craig R. Davison, Dan Fuleki 

UNCERTAINTY ANALYSIS OF CLOUD CONDITIONS IN AN ENGINE ICING TUNNEL .................. 374 

Craig R. Davison, James Macleod, Jennifer L. Chalmers 

ICING FORMATION STRAINS ON AIRFOIL SKIN ................................................................................... 394 

Andrew H. Work 

ICE CRYSTAL ICING - NRC COMPRESSOR RIG TEST & SIMULATION 

ICE CRYSTAL ENVIRONMENT - MODULAR AXIAL COMPRESSOR RIG: TRANSIENT 

ANALYSIS OF ICE-ACCRETION SEVERITY ............................................................................................. 422 

Martin Neuteboom 

ICE CRYSTAL ENVIRONMENT MODULAR AXIAL COMPRESSOR RIG: MEASUREMENT 

OF ICE ACCRETION FROM VIDEO ............................................................................................................ 443 

Jennifer L. Chalmers, Nicholas Cunnington-Bourbonniere, Martin Neuteboom 

ICING SIMULATION STUDIES ON THE NRC ROTATING RIG .............................................................. 457 

Shezad Nilamdeen, Martin Neuteboom, Shoaib Shah, John Stokes, Cristhian Aliaga, Jennifer 

L. Chalmers, Craig R. Davison, Dan Fuleki 

ICE CRYSTAL ICING  -  EXPERIMENTAL AND COMPUTATIONAL SIMULATION 

EVALUATION OF A THERMODYNAMIC ICE CRYSTAL ACCRETION MODEL USING 

EXPERIMENTAL DATA FROM NASA’S 2ND FUNDAMENTAL ICE CRYSTAL ICING 

TEST ................................................................................................................................................................ 480 

Ru-Ching Chen, Tadas P. Bartkus, Jen-Ching Tsao, Paul Von Hardenberg, Thomas P. 

Ratvasky 

EXPERIMENTAL INVESTIGATION OF ICE PARTICLE IMPACTS ONTO A RIGID 

SUBSTRATE ................................................................................................................................................... 500 

Louis M. Reitter, Markus Schremb, Hannes Lohmann, Cameron Tropea 

CHARACTERIZING MICROSCOPIC ICE PARTICLE IMPACTS ONTO A RIGID SURFACE: 

WIND TUNNEL SETUP AND ANALYSIS ................................................................................................... 510 

Norbert Karpen, Alexandre Cuco, Dominik Kuenstler, Elmar Bonaccurso, Louis M. Reitter, 

Ilia V. Roisman, Cameron Tropea 

UAV & UAM ICING 

UAV ICING: LOW REYNOLDS NUMBER DRONE PROPELLER PERFORMANCE DURING 

DYNAMIC ICING PROCESS ......................................................................................................................... 528 

Petri Suurnäkki, Mikko Tiihonen, Tuomas Jokela 



UAV ICING: NUMERICAL SIMULATION OF PROPELLER ICE ACCRETION ..................................... 544 

Nicolas Müller, Richard Hann, Thorsten Lutz 

EXPERIMENTAL INVESTIGATION OF TOLERANCE FOR ICING OF SMALL RPAS 

PROPELLERS AT HIGH RPM ....................................................................................................................... 574 

Ali Benmeddour 

EXPERIMENTAL INVESTIGATION ON THE EFFECTS OF ICING ON MULTICOPTER UAS 

OPERATION ................................................................................................................................................... 594 

David Kozomara, Thomas Neubauer, Reinhard Puffing, Ingeborg Bednar, Wolfgang Breitfuss 

PERFORMANCE ANALYSIS OF ROTORCRAFT PROPULSION UNITS IN A 

COMBINATION OF WIND AND ICING CONDITIONS ............................................................................. 608 

Guillaume Catry, Ozlem Ceyhan, Flavio Noca, Nicolas Bosson, Luca J. Bardazzi, Sergio 

Marquez, Pieter Jan Jordaens, Daniele Brandolisio 

ICING CHARACTERISTICS ON LARGE SCALE SWEPT WING 

LARGE-DROP ICE ACCRETION TEST RESULTS FOR A LARGE SCALE SWEPT WING 

SECTION ......................................................................................................................................................... 617 

Andy P. Broeren, Sam Lee, Jen-Ching Tsao 

COMPARISON OF ICE SHAPES ON FULL-CHORD AND TRUNCATED SWEPT WING 

MODELS ......................................................................................................................................................... 637 

Sam Lee, Andy P. Broeren, Mark G. Potapczuk 

INVESTIGATING ICED SWEPT-WING FLOWFIELDS USING A SWEPT FLAT PLATE AND 

A DISCONTINUOUS BACKWARD-FACING STEP ................................................................................... 673 

William T. Yoshida, Michael B. Bragg, Brian S. Woodard 

CHARACTERIZATION OF COLLECTION EFFICIENCY OF THE COMMON RESEARCH 

MODEL MIDSPAN WING SECTION IN THE IRT ...................................................................................... 701 

Jen-Ching Tsao, Christopher E. Porter 

ICING PHYSICS 

MELTING OF AND IMBIBITION IN A GRANULAR ICE LAYER ON A HEATED 

SUBSTRATE ................................................................................................................................................... 721 

Kilian Kobschall, Jan Oberreuter, Jan Breitenbach, Ilia V. Roisman, Cameron Tropea, 

Jeanette Hussong 

SNOWFLAKES SHAPE CHARACTERIZATION VIA BAYESIAN INFERENCE: EXPLORING 

THE CHALLENGES ....................................................................................................................................... 729 

Giulio Gori, Alessio Raimondi, Alberto Guardone 

EXPERIMENTAL AND NUMERICAL INVESTIGATIONS OF SNOW ACCRETION. ............................ 745 

Boris Aguilar, Kilian Kobschall, Louis M. Reitter, Pierre Trontin, Fabien Dezitter, Jan 

Breitenbach, Ilia V. Roisman, Olivier Rouzaud, Philippe Villedieu 

ICE ACCRETION ROUGHNESS VARIATIONS ON A HYBRID CRM65-MIDSPAN WING 

MODEL ............................................................................................................................................................ 764 

Stephen T. McClain, Mario M. Vargas, Jen-Ching Tsao, Andy P. Broeren 

EFFECT OF WATER DROPLETS CROSSING THE BOUNDARY LAYER IN A 

STAGNATION POINT CONFIGURATION .................................................................................................. 785 

Mario M. Vargas, Stephen T. McClain, Emilio J. Borges, Andy P. Broeren 

Author Index 

 




