
 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-1721-5 

Atmospheric and Space 
Environments 

Online 
15 - 19 June 2020 

 

Papers Presented at the AIAA Aviation Forum 2020 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 

 

ICE ADHESION MEASUREMENT AND MODELING (INVITED) 

MOLECULAR DYNAMICS SIMULATIONS OF NANO-SCALE ICING PHENOMENA 
(INVITED) ........................................................................................................................................................... 1 

Dong Meng, Amir Afshar, Randa Bassou, David S. Thompson, Jing Zong, Elmar Bonaccurso, 

Alexandre LaRoche, Vittorio Vercillo 

A STATISTICAL ANALYSIS OF IMPACT ICE ADHESION STRENGTH DATA ACQUIRED 
WITH A MODIFIED LAP JOINT TEST .......................................................................................................... 14 

Andrew H. Work 

CHARACTERIZATION OF ICE ADHESION: APPROACHES AND MODES OF LOADING ................... 48 
Bishoy Dawood, Denizhan Yavas, Christopher J. Giuffre, Ashraf Bastawros 

DEVELOPMENT OF ICE PROTECTIVE SURFACES VIA REDUCTION OF SURFACE 
ROUGHNESS .................................................................................................................................................... 60 

Grant Schneeberger, Jose Palacios, Douglas Wolfe 

ICING ROUGHNESS AND HEAT TRANSFER 

SKIN FRICTION VARIATIONS OVER A SIMULATED NACA 0012 WITH REALISTIC ICE 
ACCRETION ROUGHNESS IN REYNOLDS-SCALED CONDITIONS ....................................................... 69 

Cameron Watkins, Timothy A. Shannon, Stephen T. McClain 

ICE SHAPE ROUGHNESS ASSESSMENT BASED ON A THREE-DIMENSIONAL SELF-
ORGANIZING MAP APPROACH ................................................................................................................... 87 

Thomas Neubauer, Wolfgang Hassler, Reinhard Puffing 

ASSESSMENT OF ICE SHAPE ROUGHNESS VIA AUTOMATIC SPACING OF CODEBOOK 
VECTORS IN A TWO-DIMENSIONAL SELF-ORGANIZING MAP .......................................................... 104 

Thomas Neubauer, Reinhard Puffing 

INFLUENCE OF AIRFOIL ANGLE OF ATTACK ON ICE ACCRETION ROUGHNESS ......................... 113 
Stephen T. McClain, Mario M. Vargas, Jen-Ching Tsao, Andy P. Broeren 

A CLIMATIC FACILITY AND APPARATUS FOR INVESTIGATIONS OF COLD SOAKED 
FUEL FROST EVOLUTION ........................................................................................................................... 134 

Stephen T. McClain, Tongxin Zhang, Salahuddin Ahmed, Gabriel Stafford, Juan A. Cornejo, 

Dennis L. O'Neal 

ICE CRYSTAL ICING - PROBES AND MEASUREMENT 

DEVELOPMENT AND VALIDATION OF A COMPACT ISOKINETIC TOTAL WATER 
CONTENT PROBE FOR DIFFERENTIATING MIXED PHASE ENVIRONMENTS ................................. 150 

Craig R. Davison, Dan Fuleki, Scott Kroff 

SIMULATION OF FLUID FLOW AND COLLECTION EFFICIENCY AT LOW STOKES 
NUMBER ......................................................................................................................................................... 163 

David L. Rigby, Peter M. Struk 



DIGITAL IMAGE PROJECTION FOR 3D ICE CRYSTAL ICING ACCRETION 
MEASUREMENTS ......................................................................................................................................... 175 

Jonathan Connolly, Matthew McGilvray, David R. Gillespie, Geoff Jones, Benjamin Collier 

SUPERCOOLED LARGE DROP ICING; ICE SHEDDING 

INTEGRATED ICING ANALYSIS OF THE D8 “DOUBLE BUBBLE” AND HYBRID WING 
BODY ............................................................................................................................................................... 191 

Christopher E. Porter 

BIMODAL SLD ICE ACCRETION ON SWEPT NACA 0012 AIRFOIL MODELS .................................... 204 
Mark G. Potapczuk, Jen-Ching Tsao 

FEASIBILITY OF PURSUING NEW ICE ACCRETION METHODS FOR SUPERCOOLED 
LARGE DROPLETS........................................................................................................................................ 217 

Rami K. Slim 

URBAN AIR MOBILITY ROTOR ICING PERFORMANCE CHARACTERIZATION AND 
PREDICTION .................................................................................................................................................. 224 

Shawn Scroger, Jose Palacios, Yiqiang Han 

ICE SHEDDING PHENOMENON: AN EXPERIMENTAL AND NUMERICAL 
INVESTIGATION ........................................................................................................................................... 233 

Adriana Enache, Bruno Bernay, Gertjan Glabeke, Philippe Planquart, Jeroen van Beeck 

OBSERVATIONS AND MODELING OF THE ATMOSPHERIC ENVIRONMENT 

MODELING OF DIELECTRIC BEHAVIOR OF NANOCOMPOSITES WITH INTERPHASIAL 
SPACE CHARGES .......................................................................................................................................... N/A 

Sayavur I. Bakhtiyarov, Dale C. Ferguson 

PRELIMINARY INVESTIGATION OF JITTER INDUCED BY THE ATMOSPHERE ON 
LASER BEAM PROPAGATION FROM AN AIRBORNE PLATFORM ..................................................... 247 

Matthew Kalensky, Eric Jumper, Stanislav Gordeyev 

COLLISION-INDUCED ROTATION AND THE MAGNUS FORCE ON PARTICULATES ..................... 260 
Jack G. Gaskell, Nikul Vadgama, Matthew McGilvray, David R. Gillespie, Rory J. Clarkson 

LOW-MOBILITY ATMOSPHERIC SENSING VIA MULTI-VEHICLE ADAPTIVE 
COVERAGE CONTROL ................................................................................................................................ 274 

Alexander Davydov, Derrick W. Yeo, Yancy Diaz-Mercado 

DATA ASSIMILATION FOR CLEAR AIR TURBULENCE BY UPSTREAM LIDAR 
OBSERVATION .............................................................................................................................................. 283 

Ryoichi Yoshimura, Aiko Yakeno, Shigeru Obayashi, Ryota Kikuchi, Takashi Misaka 

ICE CRYSTAL ICING - NRC COMPRESSOR RIG TEST 

ICE CRYSTAL ENVIRONMENT - MODULAR AXIAL COMPRESSOR RIG: OVERVIEW OF 
ALTITUDE ICING COMMISSIONING ......................................................................................................... 298 

Jennifer L. Chalmers, Martin Neuteboom, Craig R. Davison 



ICE CRYSTAL ENVIRONMENT MODULAR AXIAL COMPRESSOR RIG: 
CHARACTERIZATION OF PARTICLE FRACTURE AND MELT ACROSS ONE ROTOR 
USING LASER SHADOWGRAPHY ............................................................................................................. 325 

Jennifer L. Chalmers, Michael Wiebe, Martin Neuteboom, Craig R. Davison 

ICE CRYSTAL ENVIRONMENT-MODULAR AXIAL COMPRESSOR RIG: EVALUATION 
OF MEASURED WATER CONTENT AND MELT ...................................................................................... 340 

Craig R. Davison, Jennifer L. Chalmers, Martin Neuteboom 

ICE CRYSTAL ICING PHYSICS I 

SEMI-EMPIRICAL EROSION MODEL WITH PARTICLE SIZE AND LIQUID WATER 
CONTENT EFFECTS FOR ICE CRYSTAL ICING SIMULATIONS ........................................................... 354 

Virgile Charton, Jean-Mathieu Senoner, Pierre Trontin, Philippe Villedieu 

ICE CRYSTAL ACCRETION IN A COMBINED LINEAR CASCADE AND SWAN NECK 
DUCT ............................................................................................................................................................... 372 

Jonathan Connolly, Myeonggeun Choi, Xin Yang, Luke J. Doherty, Matthew McGilvray, 

David R. Gillespie, Benjamin Collier, Geoff Jones 

A PHYSICS-BASED MODEL FOR PREDICTING WARM SURFACE COOL-DOWN 
RESULTING FROM PARTICLE IMPINGEMENT IN ICE CRYSTAL ICING ........................................... 398 

Tom C. Currie 

MODELLING ACCRETION FORMATION, MOVEMENT AND DISINTEGRATION IN ICE 
CRYSTAL ICING ............................................................................................................................................ 416 

Tom C. Currie 

COMPUTATIONAL AND EXPERIMENTAL ICING SIMULATION 

THREE DIMENSIONAL SURFACE REDEFINITION METHOD FOR COMPUTATIONAL ICE 
ACCRETION SOLVERS ................................................................................................................................ 434 

Christopher E. Porter, David L. Rigby 

COMPARISONS OF CFD SIMULATIONS OF ICING WIND TUNNEL CLOUDS WITH 
EXPERIMENTS CONDUCTED AT THE NASA PROPULSION SYSTEMS LABORATORY .................. 445 

Tadas P. Bartkus, Peter M. Struk 

UAV ICING: EXPERIMENTAL HEAT LOADS FOR ANTI-ICING AND DE-ICING ............................... N/A 
Richard Hann, Adriana Enache, Mikkel Cornelius Nielsen, Bård Nagy Stovner, Jeroen van 

Beeck, Tor Arne Johansen, Kasper Trolle Borup 

ICE ACCRETION ANALYSIS FOR THE DEVELOPMENT OF THE HEATCOAT 
ELECTROTHERMAL ICE PROTECTION SYSTEM ................................................................................... 463 

Kevin Yugulis, David Chase, Matthew McCrink 



ATMOSPHERIC HAZARDS 

MITIGATING WAKE TURBULENCE RISK DURING FINAL APPROACH VIA PLATE 
LINES ............................................................................................................................................................... 504 

Frank N. Holzäpfel, Anton Stephan, Grigory Rotshteyn, Stephan Körner, Norman Wildmann, 

Lothar Oswald, Thomas Gerz, Günther Borek, Alexander Floh, Christian Kern, Markus 

Kerschbaum, Roman Nossal, Johannes Schwarzenbacher, Martin Stieber, Martin Strobel, 

Lukas Strauss, Clemens Weiß, Sebastian Kauczok, Christian Schiefer, Harald Czekala, Gerrit 

Maschwitz, Igor Smalikho 

EXPERIMENTAL DEPOSITION OF PARTICULATES IN ACCELERATING FLOWS AT 
ENGINE REPRESENTATIVE CONDITIONS ............................................................................................... 528 

Nikul Vadgama, Simon Beal, Peter Forsyth, Matthew McGilvray, David R. Gillespie 

TRIBOELECTRIC CHARGING AND BROWNOUT HAZARD EVALUATION FOR A 
PLANETARY ROTORCRAFT ....................................................................................................................... 546 

Ralph D. Lorenz 

DESCENT OF WAKE VORTICES IN HIGH ALTITUDE AIRSPACE ........................................................ N/A 
Rocio Frej Vitalle, Lawrence H. Davenport 

ICE CRYSTAL ICING PHYSICS II; ICE PARTICLE IMPACT AND EROSION 

CLOUD UNIFORMITY MEASUREMENT FROM NASA'S 2ND FUNDAMENTAL ICE 
CRYSTAL ICING TEST PART 1 (WATER CONTENT & PSD) .................................................................. 566 

Ru-Ching Chen, Peter M. Struk, Thomas P. Ratvasky 

CLOUD UNIFORMITY MEASUREMENT FROM NASA'S 2ND FUNDAMENTAL ICE 
CRYSTAL ICING TEST - PART 2 (TEMPERATURE & HUMIDITY) ....................................................... 587 

Juan H. Agui, Paul Von Hardenberg, Peter M. Struk, Ru-Ching Chen, Tadas P. Bartkus 

A STUDY OF ICE-CRYSTAL ICING EROSION USING THE NASA ICING RESEARCH 
TUNNEL AND PROPULSION SYSTEMS LABORATORY ........................................................................ 599 

Benjamin Kott, Peter M. Struk, Tadas P. Bartkus 

ICE PARTICLES IMPACTING ON A FLAT PLATE: TEMPERATURE AND VELOCITY 
EFFECT ........................................................................................................................................................... 619 

Mario M. Vargas, Charles R. Ruggeri, Mike Pereira, Duane M. Revilock 

ICING AERODYNAMICS AND SWEPT WINGS 

A PARAMETRIC STUDY ON THE AERODYNAMICS OF ICE ACCRETIONS ON 
SURFACES WITH ANTI/DE-ICING SYSTEMS .......................................................................................... 660 

Ezgi S. Oztekin, James T. Riley, Paul Pellicano 

ICE SHAPE CLASSIFICATION FOR SWEPT WINGS ................................................................................ 674 
Michael B. Bragg, William Yoshida, Andy P. Broeren, Sam Lee, Brian S. Woodard 

EFFECT OF GEOMETRIC FIDELITY ON THE AERODYNAMICS OF A SWEPT WING 
WITH GLAZE ICE ACCRETION .................................................................................................................. 718 

Andy P. Broeren, Sam Lee, Brian S. Woodard, Michael B. Bragg 



EFFECT OF GEOMETRIC FIDELITY ON THE AERODYNAMICS OF A SWEPT WING 
WITH SCALLOPED ICE ACCRETION ........................................................................................................ 749 

Sam Lee, Andy P. Broeren, Brian S. Woodard, Michael B. Bragg 

EFFECT OF SPANWISE DISCONTINUITIES ON THE AERODYNAMICS OF A SWEPT 
WING WITH SCALLOPED ICE ACCRETION ............................................................................................. 773 

Brian S. Woodard, Michael B. Bragg 

Author Index 

 




