
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-4380-6 

9th AIAA Atmospheric and Space 
Environments Conference 2017 

Denver, Colorado, USA 
5 - 9 June 2017 

Volume 1 of 2 

Held at the AIAA Aviation Forum 2017 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
 

ASE-01: OBSERVATIONS AND MODELING OF THE ATMOSPHERIC 
ENVIRONMENT 
 
OpenFOAM Solutions Coupled with WRF for Wind Power Estimation (AIAA 2017-3062).......................................... 1

Engin Leblebici, Ismail H. Tuncer 
 

Atmospheric Radiation Measurement System for Commercial Aircraft Altitudes (AIAA 2017-3063) ......................... 9
William Atwell, Kent Tobiska, D. Bouwer, J. Bailey, Leonid Didkovsky, Kevin Judge, Brad Gersey, Richard 
Wilkins, Duane Bell, Don Rice, Bob Schunk, Chris Mertens, Xiaojing Xu, Scott Wiley, Ed Teets 

 

Characterization of Atmospheric Turbulence As a Function of Altitude (AIAA 2017-3064) ....................................... 26
Suparnamaaya Prasad, Marie L. Ivanco, Thomas Ivanco, Ersin Ancel 

 
ASE-02/FD-06: DYNAMICS OF AIRCRAFT WAKE VORTICES: A CONTINUING JOURNEY 
LONGER THAN A HALF CENTURY (INVITED) 
 
Axial Vortices: Did Rankine Almost Get It Right? (AIAA 2017-3263) ........................................................................... 34

Robert L. Ash 

 
ASE-03: ICE ACCRETION MODELING 
 
A Revised Validation Process for Ice Accretion Codes (AIAA 2017-3415) ..................................................................... 46

William B. Wright 
 

Validation of a LEWICE-based Icing Code with Coupled Heat Transfer Prediction and 
Aerodynamics Performance Determination (AIAA 2017-3416) ...................................................................................... 89

Yiqiang Han, Jose Palacios, Edward Rocco 
 

Description and Assessment of the New ONERA 2D Icing Suite IGLOO2D (AIAA 2017-3417)................................ 104
Pierre Trontin, Ghislain Blanchard, Alexandros Kontogiannis, Philippe Villedieu 

 

Three-Dimensional Numerical Simulation of Ice Accretion using a Discrete Morphogenetic Approach 
(AIAA 2017-3418) .............................................................................................................................................................. 132

Krzysztof Szilder, Edward P. Lozowski 
 

A 3D Finite-Volume Integral Boundary Layer Method for Icing Applications (AIAA 2017-3419)............................ 140
Nikolaos Bempedelis, Charlotte Bayeux, Ghislain Blanchard, Emmanuel Radenac, Philippe Villedieu 

 
ASE-04: ICE ROUGHNESS AND HEAT TRANSFER 
 
Convection from Surfaces with Real Laser-Scanned Ice Accretion Roughness and Different Thermal 
Conductivities (AIAA 2017-3579)..................................................................................................................................... 161

D. Matthew Hawkins, Timothy A. Shannon, Stephen T. McClain 
 

Flow Visualization and Skin Friction Variations Along Surfaces with Real and Model Ice Roughness 
(AIAA 2017-3580) .............................................................................................................................................................. 180

Timothy A. Shannon, Stephen T. McClain 
 

Sublayer Surface Roughness and the Spalart-Allmaras Turbulence Model (AIAA 2017-3581)................................. 195
Alric P. Rothmayer 

 

An Experimental Investigation on the Dynamic Ice Accretion Process over the Surface of a Wind 
Turbine Blade Model (AIAA 2017-3582) ......................................................................................................................... 218

Linyue Gao, Yang Liu, Hui Hu 
 

An Experimental Investigation on the Unsteady Heat Transfer Process over Ice Accreting Surfaces of 
Aero-engine Spinner Models (AIAA 2017-3583)............................................................................................................. 236

Linkai Li, Hui Hu, Yang Liu 
 

Spanwise Form Extraction for Ice Roughness Measurements from Misaligned Airfoils or Tapered 
Wings (AIAA 2017-3584) .................................................................................................................................................. 251

Stephen T. McClain 
 

Ice Roughness and Thickness Evolution on a Swept NACA 0012 Airfoil (AIAA 2017-3585) ..................................... 267
Stephen T. McClain, Mario M. Vargas, Jen-Ching Tsao 

 



ASE-05: DEICING AND ICING CFD 
 
CFD Analysis of a Coupled Bleed Air and Electrothermal Icing Protection System (AIAA 2017-3756) ................... 284

Francesco Petrosino, Pasquale Mormile, Marilena Musto, Nicola Bianco, Giuseppe Mingione, Giuseppe Rotondo 
 

Eulerian Method for Ice Crystal Icing with Application to Particle Trajectories and Accretion on a 
Three-element Airfoil (AIAA 2017-3758) ........................................................................................................................ 302

Ellen Norde, Edwin T. van der Weide, Harry W. Hoeijmakers 
 

Modification of the Extended Messinger Model for Mixed Phase Icing and Industrial Applications 
with TAICE (AIAA 2017-3759) ........................................................................................................................................ 315

Erdem Ayan, Serkan Ozgen 
 

Numerical Study of an Iced Airfoil Using Window-Embedded RANS/LES Hybrid Method (AIAA 
2017-3761) .......................................................................................................................................................................... 334

Maochao Xiao, Yufei Zhang, Haixin Chen 

 
ASE-06: EXPERIMENT METHODS FOR APPLICATIONS 
 
Altitude Scaling of Thermal Ice Protection Systems in Running Wet Operation (AIAA 2017-3926)......................... 347

David M. Orchard, Harold E. Addy, William B. Wright, Jen-Ching Tsao 
 

Evaluation of Alternative Altitude Scaling Methods for Thermal Ice Protection System in NASA Icing 
Research Tunnel (AIAA 2017-3927) ................................................................................................................................ 363

Sam Lee, Harold E. Addy, Andy P. Broeren, David M. Orchard 
 

Ice Adhesion Measurements of Ice Mitigation Coatings Pertinent to Aircraft Icing (AIAA 2017-3928) ................... 386
Prashanth Sagar Reddy Beeram, Rye M. Waldman, Hui Hu 

 

Evaluation of Low Altitude Icing Conditions for Small Unmanned Aircraft (AIAA 2017-3929) ............................... 401
Alyssa S. Avery, Jamey D. Jacob 

 

Icing Certification of Korean Utility Helicopter KUH-1: Artificial Icing Flight Test (AIAA 2017-3930) .................. 414
Stefan van't Hoff, Jasper van der Vorst, Robert J. Flemming, David Parkins 

 

Experimental Study of the Dynamics of Water Film on an Aluminum Substrate Under Wind Shear 
(AIAA 2017-3931) .............................................................................................................................................................. 423

Mengyao Leng, Shinan Chang, Yongsheng Lian, Hongwei Wu 

 
ASE-07: ENGINE ICE CRYSTAL ICING 
 
Ice Crystal Icing Research at NASA (AIAA 2017-4085) ................................................................................................ 434

Ashlie B. Flegel 
 

Preliminary Evaluation of Altitude Scaling for Turbofan Engine Ice Crystal Icing (AIAA 2017-4086).................... 453
Jen-Ching Tsao 

 

Viscous Three Dimensional Simulation of Flow in an Axial Low Pressure Compressor at Engine Icing 
Operating Points (AIAA 2017-4087) ................................................................................................................................ 466

David L. Rigby, Ali Ameri, Joseph P. Veres, Philip C. Jorgenson 
 

Validation of a Compact Isokinetic Total Water Content Probe for Wind Tunnel Characterization at 
NASA Glenn Icing Research Tunnel and at NRC Ice Crystal Tunnel (AIAA 2017-4088) .......................................... 483

Craig R. Davison, Charles Landreville, Thomas P. Ratvasky 

 
ASE-08: WAKE VORTEX AND TURBULENCE I 
 
Optimization of Single Obstacle Pair for Aircraft Wake Dissipation under Crosswind Condition 
(AIAA 2017-4238) .............................................................................................................................................................. 500

Chung Hung J. Wang, Dan Zhao, Sindhu Paramasivam, Jorg Schluter, Anton Stephan, Frank Holzapfel 

 
VOLUME 2 

 
A Methodology for the Identification and Mapping Of High Altitude Aircraft Wake Vortices (AIAA 
2017-4239) .......................................................................................................................................................................... 513

Rocio Frej Vittale, Lawrence H. Davenport 
 

Aircraft Vortex Characterization by Estimating the Dominant Modes from the Return Power 
Spectrum of a Doppler LIDAR (AIAA 2017-4240) ......................................................................................................... 522

Sreevatsan Bhaskaran, Ronald Calhoun 
 



Tolerable Errors in Mean EDR for Wake Turbulence Applications (AIAA 2017-4241)............................................. 535
Edward J. Johnson 

 
ASE-09: FUNDAMENTALS OF ENGINE ICE CRYSTAL ICING 
 
An Initial Study of the Fundamentals of Ice Crystal Icing Physics in the NASA Propulsion Systems 
Laboratory (AIAA 2017-4242).......................................................................................................................................... 540

Peter M. Struk, Thomas P. Ratvasky, Tim Bencic, Judith F. Van Zante, Michael C. King, Jen-Ching Tsao, Tadas P. 
Bartkus 

 

Comparisons of Mixed-Phase Icing Cloud Simulations with Experiments Conducted at the NASA 
Propulsion Systems Laboratory (AIAA 2017-4243)........................................................................................................ 580

Tadas P. Bartkus, Peter M. Struk, Jen-Ching Tsao 
 

Particle Size Measurements from the first Fundamentals of Ice Crystal Icing Physics Test in the 
NASA Propulsion Systems Laboratory (AIAA 2017-4244)............................................................................................ 602

Michael C. King, William Bachalo, Andrzej Kurek 
 

Comparison of Two Retrieval Techniques for Ice Particle Mass from in-situ Measurements: 
Implication for Particle Effective Density and Median Mass Diameter (AIAA 2017-4245) ........................................ 623

Pierre Coutris, Delphine Leroy, Emmanuel Fontaine, Alfons Schwarzenboeck, John W. Strapp, Alice Grandin 
 

Droplet Evaporation Model for Determining Liquid Water Content in Engine Icing Tunnels and 
Examination of the Factors Affecting Liquid Water Content (AIAA 2017-4246)........................................................ 633

Craig R. Davison, James D. MaCleod, Jennifer L. Chalmers 
 

Development of a Non-Intrusive Ultrasound Ice Accretion Sensor to Detect and Quantify Ice 
Accretion Severity (AIAA 2017-4247).............................................................................................................................. 652

Dan Fuleki, Zhigang Sun, Jason Wu, Grael Miller 
 

Electromagnetic Sensor for Detection of Ice Accretion Inside Turbofan Jet Engines (AIAA 2017-4248) ................. 666
Tanner Trapp, Timothy A. Shannon, Brandon J. Herrera, Buford R. Jean, Stephen T. McClain 

 
ASE-10: WAKE VORTEX AND TURBULENCE II 
 
Effects of Ground Surface Conditions on Aircraft Wake Vortex Evolution (AIAA 2017-4368)................................. 673

Petr Kazarin, Vladimir V. Golubev 
 

Comparison of Probabilistic Approaches for Predicting the Cone of Uncertainty in Aircraft Wake 
Vortex Evolution (AIAA 2017-4369) ................................................................................................................................ 687

Petr Kazarin, Vladimir V. Golubev 
 

High Ice Water Concentrations in the 19 August 2015 Coastal Mesoconvective System (AIAA 2017-
4370).................................................................................................................................................................................... 697

Fred Proctor, Steven Harrah, George F. Switzer, Justin K. Strickland, Patricia J. Hunt 
 

Large Eddy Simulation of Wake Vortices in Ground Effect with Realistic Terrain Around Airport 
(AIAA 2017-4371) .............................................................................................................................................................. 728

Takashi Misaka, Shigeru Obayashi 

 
ASE-11: ICING AERODYNAMICS 
 
Low-Reynolds Number Aerodynamics of an 8.9% Scale Semispan Swept Wing for Assessment of 
Icing Effects (AIAA 2017-4372) ........................................................................................................................................ 737

Andy P. Broeren, Brian Woodard, Jeffrey M. Diebold, Frederic Moens 
 

Effect of Ice Shape Fidelity on Swept Wing Aerodynamic Performance (AIAA 2017-4373) ...................................... 774
Stephanie Camello, Michael B. Bragg, Andy P. Broeren, Christopher W. Lum, Brian Woodard, Sam Lee 

 

The Application of a Five-Hole Probe Wake-Survey Technique to the Study of Swept Wing Icing 
Aerodynamics (AIAA 2017-4374)..................................................................................................................................... 814

Christopher W. Lum, Navdeep Sandhu, Jeffrey M. Diebold, Brian Woodard, Michael B. Bragg 
 

3D Computational Icing Method for Aircraft Conceptual Design (AIAA 2017-4375)................................................. 841
Gustavo E. Fujiwara, Michael B. Bragg 

 

Numerical Study of Droplet Trajectory and Collection Efficiency in IRT with Large Blockage Effects 
(AIAA 2017-4376) .............................................................................................................................................................. 870

Chao Qin, Eric Loth 

 
 
 



ASE-12: WEATHER IMPACTS TO NATIONAL AIRSPACE, UNMANNED AERIAL SYSTEM 
 
High Ice Water Content Conditions around Darwin: Frequency of Occurrence and Duration as 
Estimated by a Nowcasting Model (AIAA 2017-4472).................................................................................................... 882

Allyson Rugg, Julie Haggerty, Rabindra Palikondra, Rodney Potts, George McCabe 
 

Developing Improved Products to Forecast and Diagnose Aircraft Icing Conditions Based Upon Drop 
Size (AIAA 2017-4473) ...................................................................................................................................................... 891

Sarah A. Tessendorf, Daniel R. Adriaansen, Allyson Rugg, Dave Serke, Christopher Williams, Julie Haggerty, 
Gary Cunning, George McCabe, Paul Prestopnik, Greg Thompson, Jaymes Kenyon 

 

An Experimental Study on the Transient Heat Transfer and Dynamic Ice Accretion Process over a 
Rotating UAS Propeller (AIAA 2017-4474)..................................................................................................................... 906

Yang Liu, Linkai Li, Hui Hu 
 

Multi-MASS: A Fleet of Unmanned Aerial Vehicles for Atmospheric Characterization (AIAA 2017-
4475).................................................................................................................................................................................... 922

Lisa M. Schibelius, Carlos J. Montalvo, Sytske Kimball 
 

Flight Results From a Small UAS Distributed Flush Airdata System (AIAA 2017-4476) ........................................... 939
Roger J. Laurence, Brian Argrow 

 
ASE-13: SLD ICING AND DROPLET DYNAMICS 
 
Creating a Bimodal Drop-Size Distribution in the NASA Glenn Icing Research Tunnel (AIAA 2017-
4477).................................................................................................................................................................................... 954

Laura-Cheri King-Steen, Robert F. Ide 
 

Bimodal SLD Ice Accretion on a NACA 0012 Airfoil Model (AIAA 2017-4478) ......................................................... 965
Mark G. Potapczuk, Jen-Ching Tsao, Laura-Cheri King-Steen 

 

Breakup Criterion for Droplets in the Vicinity of a Leading Edge of an Airfoil (AIAA 2017-4479) .......................... 977
Adelaida Garcia-Magariño, Suthyvann Sor, Angel Velazquez 

 

Mechanism of Supercooled Water Droplet Breakup Near the Leading Edge of an Airfoil (AIAA 2017-
4480).................................................................................................................................................................................... 992

Belen Veras-Alba, Jose Palacios, Mario M. Vargas, Charles R. Ruggeri, Tadas P. Bartkus 
 

Experimental and Numerical Investigation of Icing Process of a Liquid Droplet (AIAA 2017-4481) ...................... 1013
Yongsheng Lian, Dong Liao, Huihe Qiu, Mark Sussman, Mehdi Vahab, Yousuff Hussaini 

 

Time-Resolved Thermal Study of Accelerated Supercooled Droplet Impact (AIAA 2017-4482) ............................. 1025
Wesley C. Patterson, Katsuaki Morita, Hirotaka Sakaue, Joseph Gonzales 

 

Author Index 




