8th AIAA Flow Control
Conference 2016

Held at the AIAA Aviation Forum 2016

Washington, D.C., USA
13-17 June 2016

Volume 1 of 2

ISBN: 978-1-5108-2740-0



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

VOLUME 1

FC-01: FLOW CONTROL INTEGRATION FOR FLIGHT CONTROL

Crossed-Actuation AFC for Lateral-Directional Control of an ICE-101/Saccon UCAV (AIAA 2016-

< 3 TSRS 1
David R. Williams, Jurgen Seidel

Active Flow Control on the Stability and Control Configuration (SACCON) (AIAA 2016-3168) ........c..ccccevvevrervannne. 11
Marvin P. Jentzsch, Lutz Taubert, Israel J. Wygnanski

Application of Active Flow Control to a Generic Low Aspect-Ratio Trapezoidal Wing for High Lift

GeNEration (ALAA 2016-31689) ......c.eiiieieiieieieate et ete ettt e ettt eete st et a2 eae et e ebe bt ebeabeseeasaseeReebeebeebeaseneeseeneabeebeabeabebenneneereaneas 27
Bernhard Réntsch, Lutz Taubert, Philipp Tewes, Jesse C. Little, Israel J. Wygnanski

Discrete Vortices on Delta Wings with Unsteady Leading-edge Blowing (AITAA 2016-3170)........ccccvveirienineieniennns 44
Julius Bartasevicius, Andrei Buzica, Christian Breitsamter

Actuations of Synthetic Jets on a UCAV Planform at High Angles of Attack (AIAA 2016-3171) ......cccccocvvevveviervennne. 59

Junhee Lee, Seonguk Lee, Chongam Kim

FC-02/FD-01/APA-05: CAVITY FLOWS |

Control of Low-Speed Cavity Flow Using Steady Jets (ALAA 2016-3172)........ccccuriirmerniiiieenieessesesieesnee s 69
Naser H. Al Haddabi, Konstantinos Kontis, Hossein Zare-Behtash

Supersonic Cavity Flow Control for Scramjet Applications (AILAA 2016-3173) ...cccccvevveiiieieiiieieeeee e 82
Nathan J. Webb, Mo Samimy

Computational Analysis of Partially-Covered Cavity With and Without Side Walls (AIAA 2016-3174)........cccccceee. 97
Sarah Premachandran, Zhiwei Hu, Xin Zhang

Effect of Rear Face Geometry on the Open Cavity Oscillatory Flow at M=0.9 (AIAA 2016-3175).......ccccceveirenncnn. 113
Sudip Das, Jacob Cohen

Generic Cavity Test within the NRC 1.5 m Trisonic Wind Tunnel (ATAA 2016-3176) ........cccveerneriniineeniecneenes 125
Marc MacMaster

Wavelet Analysis of Complex Geometry Transonic Cavity FIows (ATAA 2016-3177).....cccccccverevieieiienenenerieieeanens 146

David Bacci, Alistair Saddington, Derek Bray

EC-03: FLOW CONTROL FOR HIGH-LIFE AIRFOILS

Performance Enhancement of an Airfoil Model with a Control Surface using Synthetic Jets (AIAA

2006-3305) ...veveuereiieeie et E R R R R R R bR e r et r s 171
Marianne C. Monastero, Michael Amitay

High-Lift Performance Enhancement of a Simple Flap using Aerodynamic Flow Control (AIAA 2016-

B0 PSSR PE TSP ST 189
Michael DeSalvo, Abraham N. Gissen, Edward A. Whalen, Ari Glezer

Active Separation Control on the Morphed Leading Edge of a Thin Airfoil in High-Lift Configuration

(ATAA 20L6-3307) ..vveeereeeieiestete ettt ettt r ettt b bt b et b bt e b b e bt e ekt a b s E bbb e bR AR Rt R R e bbbttt r et 209
Anil C. Jairam, Lucas Clemons, Richard W. Wlezien

Development and Testing of a Modular Thin Airfoil with an Active High-Lift System (AIAA 2016-

Lucas Clemons, Patrick Clayton, Anil C. Jairam, Richard W. Wlezien

Traverse Actuation Method (ALAA 2016-3309) .......ooriiiiieieie ettt st et se et eabestesbesee e eseeseaneseeatens 242
Arvin Shmilovich, Yoram Yadlin

Unsteady Active Flow Control on the Leading Edge of a High-lift Configuration Thin Airfoil (AIAA

2006-33L0) .eveuerereeetee ettt b b h R E R R R R bR e R R R R R bR R R R AR R R R bRt bRt r ek bt nr s 257
Lucas Clemons, Richard W. Wlezien

Using Computational Fluid Dynamics and Experiments to Design Sweeping Jets for High Reynolds

Number Cruise Configurations (ALAA 2016-3311) .....ccciiiiiiiiiiiieeee ettt sb e b b e et be b e 270
Gregory S. Jones, William E. Milholen, Jared S. Fell, Sandy R. Webb, Christopher M. Cagle



EC-04: DRAG REDUCTION

On the Effect of Discrete Roughness on Crossflow Instability in Very Low Turbulence Environment

(ALAA 20L6-3470) ..ottt sttt ettt te e et e s e st e et e Ee et e eeen e e s e ea e eE e e EeeE e SR e b e £ eRteE £ e Re SRt AR e Re R en e e Rt eReeReebeebe e entereeneere e 291
Marco Placidi, Evelien van Bokhorst, Christopher J. Atkin

The Effect of Local Steady Suction on the Stability and Transition of Boundary Layer on a Flat Plate

(AN AN 0V SO 308
ZhangFeng Huang, Xuesong Wu

Transonic Airfoil Performance Enhancement Using Co-Flow Jet Active Flow Control (AIAA 2016-

Zixiang Liu, Gecheng Zha
Hairy Chemical Coating for Drag Reduction (ATAA 2016-3473) ..ot s 359
Mitsugu Hasegawa, Hirotaka Sakaue

Predetermined Control of Turbulent Boundary Layer by Means of a Piezoelectric Oscillator (AIAA
2006-3AT4) ..ottt R bR R R bR E R R R R bR R R R AR R R R bRttt r ekt b et 372
Xiaobo Zheng, Hao Zhang, Shaogiong Yang, Nan Jiang, Yanhua Wu

EC-06/FD-22: SEPARATION DETECTION AND CONTROL

Induced Stall Cells on a NACAO0015 Airfoil using Passive and Active Trips (AIAA 2016-3621) ........ccccovevrvereninnene. 384
Haley Dell'Orso, Wilfred Chan, Michael Amitay

Separation Control Using Plasma Actuator on an Elliptic Airfoil at Low Reynolds Numbers (AIAA

2006-3622) ....vereteiteet ettt bbb £k bRt h Rk £ E R bR E e R Rk £ koA R R AR R R bbbt b h bbbt ns 412
Xu Yan, Xuanshi Meng, Shijun Luo, Feng Liu, Huaxing Li, Liu Yang

Low-Cost Detection of Boundary Layer Separation with Dynamic Pressure Measurements (AIAA

2008-3623) ... eeueeueeteeteate et ettt ettt ettt h e bt eEeehe R e e e R e R£eRe SRt RS AR en £ e R e eREeR e eEe ARt AR oAb e £ eREeE e ARt ARt eEeeRe R enEeReeReebeeEeebe s entereeneerees 426
Louis M. Edelman, Alejandro Pensado, Stephen K. Robinson, C. P. Van Dam

Control of Airfoil Flow at Cruise Condition by DBD Plasma Actuator - Sophisticated Airfoil vs.

Simple Airfoil with FIow Control - (ALAA 2016-3624) ........ccooiiiieieieese ettt stesbe e see e eseasesseanens 441
Kento Asano, Makoto Sato, Taku Nonomura, Akira Oyama, Kozo Fujii

Separation Control on a NACA 0015 Airfoil with Plasma-Actuator-Generated Disturbance (AIAA

2006-3625) ...ttt bbb e e R R R R h R bR £ eR £ e R £ R e R AR oAb £ oA £ e R £ R e AR SR e R R R b e R e e Rt e bbbt nr b e n b e 465
Zongyan Lu, Chi Wai Wong, Longjun Wang, Md. Mahbub Alam, Yu Zhou

EFC-07: INTERNAL FLOW CONTROL

Comparison of Vortex Generators Effect on Shock Wave Induced Separation (AIAA 2016-3769)..........ccccevvevrnenn. 476
Pawel Flaszynski, Ryszard Szwaba, Piotr Doerffer
Active Flow Control of Separation in a Branched DUcCt (AILAA 2016-3771) .....cccoeeriiieieiieiinienieeeieese e 484

Curtis Peterson, Bojan Vukasinovic, Ari Glezer, Kondala R. Saripalli, Nathan O. Packard

EC-08: CIRCULATION CONTROL

NACAO0015 Circulation Control Airfoil Using Synthetic Jets at Low Angles of Attack and Low

Reynolds NUMDEE (ATAA 2016-3772) ..ottt ettt sttt et e be e e b e e e st s e e beebeseeebe e ensebeabeebeseeabeseenseneanennas 503
Pititat Itsariyapinyo, Rajnish Sharma

Multipoint Optimisation of Coanda Surfaces for Transonic Circulation Control using the Adjoint

Y L= g To Lo W AN Y N0 e £ ) SO OTTUSRRSRPRPR 526
Matthew Forster, Massimo Biava, Rene Steijl

FC-09/PDL-04/FD-29: PHYSICS OF PLASMA ACTUATORS

Modelling of Dielectric Barrier Discharge Plasma Actuators for Direct Numerical Simulations (AIAA

B0 OSSR 544
Timothy Brauner, Sylvain Laizet, Nicolas Benard, Eric Moreau
Active Multiple Jets System Using Surface Plasma Actuator (AIAA 2016-3775) .....cccccvevviiiiierieieesesesesierees e 561

Nicolas Benard, Akira Mizuno, Eric Moreau, P. Audier



Oblique Shock Control by Surface Arc Discharge Plasma (ALAA 2016-3776) .....ccccoveeierereieieesese e 581
Hong Yan, Fan Liu, Jie Xu

Dynamic Characteristics of the Density Field Near Wall Region Actuated by Plasma (AIAA 2016-

A TS TSSOSO TP TSP TP POU PSPPI 598
Feng Li, Chao Gao, Zhe Lv, Bin Wu

FC-11: CROSSFLOW TRANSITION AND SEPARATION

Full-scale Flight Demonstration of an Active Flow Control Enhanced Vertical Tail (AIAA 2016-3927).......cccccceu.. 608
Edward A. Whalen, Marc Spoor, Paul M. Vijgen, John Tran, Arvin Shmilovich, John C. Lin, Marlyn Andino

A Comparative Study of Hybrid Flow Control System Architectures for an A320 Aircraft (AIAA

2006-3928) ...ttt b e E b E e R R £ R R h e R Ao R e SR £ ek £ E e R AR oAb £ oA £ e R £ R e ARt SR e Rt R e R b e R e e Rt e bt b bt nr e b e n b e 616
Mark Jabbal, Samuel Everett, K. S. G. Krishnan, Surya Raghu

VOLUME 2
Numerical Simulations of an Airplane with an Active Flow Control System (AIAA 2016-3929) ...........ccccevvvevivnnne. 635
Arvin Shmilovich, Yoram Yadlin, Edward A. Whalen
Plasma-Based Control of Excrescence-Generated Transition on a Swept Wing (AIAA 2016-3930).......c.cccceeveereenne. 650

Donald P. Rizzetta, Miguel Visbal

The Influence of the Spatial Frequency Content of Discrete Roughness Distributions on the

Development of the Crossflow Instability (ALAA 2016-3931) ......cooieiiiriiiie ettt st see e 675
Evelien van Bokhorst, Marco Placidi, Christopher J. Atkin

Numerical Simulation of a High-Lift Configuration Embedded with High Momentum Fluidic

ACTUATOTS (ATAA 2016-3932) ...ouviiiieieiieieitiiieste ettt et et teete s be s te b et es s et e e teebess e b et e st et e e be et e sbe b e s enseseebesbestebesaenserearens 694
Veer N. Vatsa, Benjamin M. Duda, Ehab Fares, John C. Lin

Sensitivity Analysis of Crossflow Boundary Layer and Transition Delay Using Plasma Actuator

(ALAA 2016-3933) ....eeeeeeeeeeieeteete et et ste et eteeseetesbesbese et es e e st eaeeEeebeeeem e e s e eReeE e e Ee Rt AR e b e £ oAt eE £ AR e ARt AR e Re R en e e ReeReeReebeehe e enteneene et es 716
Zhefu Wang, Liang Wang, Song Fu

EC-14: BLUFF BODY FLOW CONTROL

Aerodynamic Flow Control of Wake Dynamics Coupled to a Moving Bluff Body (AIAA 2016-4081) .........ccccceeenee 736
Thomas J. Lambert, Bojan Vukasinovic, Ari Glezer

Computational Design of Drag Diminishing Active Flow Control Systems for Heavy Vehicles (AIAA

20068-4082) ...ttt ettt ettt bt s e Rt Rt R e be A oAb e R £ eR £ e Rt e ReeRe AR oAb e e eR e e Rt e Rt eRenEeeRe R en b eReeReeReebenbe et entereeneerenes 764
David E. Manosalvas, Thomas D. Economon, Carsten Othmer, Antony Jameson

Closed-Loop Flow Control of the Oscillations of a Free-Suspended Cylinder at Low Reynolds

NUMDBETS (ATAA 2016-4083) .....cuviviitiiiiiteiieiet ettt sttt e et s et e e et e e e seetesbesbesse b e e essesaebeebeste b e e es s ereebeebesbesbesaenseseaseatin 779
Adam C. Hillier, Ori Friedland, Avi Seifert

Validation of a Plasma Actuator Model by Simulation of the Detached Flow Over a Half-Cylinder

(ALAA 20L6-4084) ...ttt ettt ekttt st e e et s e e st e bt e Ee et e eeea e e s e e R e eE e e R e Rt eE e b e £ eRt SR e e Re ARt AR e Re R enE e Rt eReeReebeehe e eneeneene et ee 798
Romain Futrzynski, Gunilla Efraimsson, Emma Alenius

EC-15: VORTEX GENERATORS

An Aerodynamic Model for Vane-Type Vortex Generators (AIAA 2016-4085) .......cccoieiiieneieiinese e 809
Daniel J. Poole, Rhodri Bevan, Christian B. Allen, T. Rendall

Evaluation of Some Wedge-shaped Vortex Generators Using Swirl Center Tracking (AIAA 2016-

01 ) OSSOSO 827
Jatinder Pal Singh Sandhu, Shashank Subramanian, Santanu Ghosh, Pushpender Sharma

Experimental and Numerical Investigation of Static and Dynamic VVortex Generators on an Airfoil

with a Deflected FIap (ATAA 2016-4087) ....cc.oiuiieiieitirieeieeeiete ettt ettt b e bbbt bt s be e b e e e s e ebeabenbeane 841
Thomas Rice, Reed Cummings, Dan Clingman, Onkar Sahni, Michael Amitay

Separation Control Over a Flapped NACA 0012 Model Using an Array of Low Aspect Ratio

Cylindrical PiNS (ALAA 2016-4088).........coueeiiitieierieieerieeeeete st ate st e st et ete e beseeabe e easaseaseaaeseeabesseneeseaseabesbesbessenseseaneaseaes 863
Samantha Gildersleeve, Dan Clingman, Michael Amitay



The Effects of Freestream Turbulence on Steady VGJ Flow Control on a Highly Loaded Transonic

LPT Cascade (ATAA 2016-4089) ......coueirireiriieareiereeiese ettt r ettt r e ne st s bt e bt r e nr et ren e bt en e nn e 882
Craig Sacco, Mohammad Arif Hossain, Jeffrey P. Bons

Tomographic PIV Measurements of Turbulent Boundary Layer Perturbed by a Dynamic Cylinder

Roughness Element (ATAA 2016-4090) ........ccuiiiiiiiieriiieeeteeteseste et e e ste e st e ae st esse e asestestesaessessaseasestessessesesseseasessessesen 895
Zhangi Tang, Yanhua Wu, Wenyi Chen, Nan Jiang

FC-16: PHYSICS OF SWEEPING AND SYNTHETIC JET ACTUATORS

Sweeping Jet Optimization Studies (ALAA 2016-4233) ......ccociiiiiiiieieieie ettt e bbb e e s reere st e 903
LaTunia G. Pack Melton, Mehti Koklu, Marlyn Andino, John C. Lin, Louis M. Edelman

Experimental and Numerical Study of the Frequency Response of a Fluidic Oscillator for Active Flow

CONEIOL (ATAA 2016-4234) ...ttt sttt ettt b ettt e ket e b e st s e e R b ettt b e s s e be e et e Rt ek et e ne e b e st et e et ene st en e neene st et ns 918
Shigi Wang, Lucien Baldas, Stéphane Colin, Stéphane Orieux, Azeddine Kourta, Nicolas Mazellier

Experimental and Numerical Studies of a Plasma Fluidic Device for Active Flow Control (AIAA 2016-

1) PSSR 933
Li-Wei Chen, James Turner, Marko Bacic, Peter Ireland

Optimization of Synthetic Jet Actuator Design for Noise Reduction and Velocity Enhancement (AIAA

20L6-4236) ....eveveveeieeteeiet ettt bbb bR bR E R bR ek R R b e R Rk £ koA R R AR Rt R bbbt b h b bt b et ns 964
Jonne Jeyalingam, Mark Jabbal

Effect of Downstream Microjet Fluidic Injection on Mixing Characteristics of Supersonic Jet (AIAA

2006-4237) ottt R R R R R R R R AR R R R R R R R R e R R n Rt r s 979
Hamideh Pourhashem, Iraj M. Kalkhoran
Synthetic Jet and Turbulent Boundary Layer Interaction Quantification (AIAA 2016-4238) ........ccccocerereiienennenn 997

David M. Schatzman, Jacob S. Wilson, M S. Chandrasekhara

FC-17/FD-56: DYNAMIC STALL WITH FLOW CONTROL

Control of Dynamically Stalled Flowfield Around a Pitching Airfoil by DBD Plasma Actuator (AIAA

B0 ) SRS 1017
Hiroaki Fukumoto, Hikaru Aono, Motofumi Tanaka, Hisashi Matsuda, Toshiki Osako, Taku Nonomura, Akira
Oyama, Kozo Fujii

Goman-Khrabrov Model on a Pitching Airfoil with Flow Control (ATAA 2016-4240) ........ccccooeiiiineneneeiseneee 1030
David Greenblatt, Hanns Mueller-Vahl, David R. Williams, Florian Reissner

Investigation of High-Frequency Separation Control Mechanisms for Delay of Unsteady Separation

(ALAA 20L6-424L) ..ottt ettt ettt h e st e bt e ke e b e e 2 e a e e R e eR e e R £ SRt ARt AR oAb oA £ e R £ SR e Re ARt AR e b e e e Rt e R e e Rt eReeeebe e eneereenennan 1042
Stuart I. Benton, Miguel Visbal

Smart Rotor: Controlling Dynamic Stall by Means of an Actuated Flap (AIAA 2016-4242) ........ccccocooveienieninnene. 1067
Marco Raiola, Andrea laniro, Stefano Discetti, Thijs Gillebaart, Daniele Ragni, Gijs van Kuik, Jan-Willem van
Wingerden

High-Fidelity Simulations of Dynamic Stall Over a Finite-Aspect-Ratio Wing (AIAA 2016-4243)........cccccoceevriennene 1078

Miguel R. Visbal, Daniel J. Garmann

Numerical Investigation of Helicopter Blade Section Undergoing Time-Periodic Motions (AIAA 2016-
B244) ..o bR R R h R R R R R R R R R R R R Rt R bt bbbt 1099
Andreas Gross, Guangwei Wen

FC-18/FD-57: HYPERSONIC BOUNDARY LAYER AND CONTROL

Spontaneous Radiation of Sound by Instability of a Highly Cooled Hypersonic Boundary Layer

(ATAA 20L6-4245) ...tttk bt b bbb s e R bbb R R R R R bR e st bbbt 1123
Pavel V. Chuvakhov, Alexander V. Fedorov

The Reynolds Number Effect on Receptivity to a Localized Disturbance in a Hypersonic Boundary

LaYer (ALAA 2016-4246) .......ccooueiiieriieiiiitei ettt et 1139
Jayahar Sivasubramanian, Anatoli Tumin, Hermann F. Fasel

Boundary-layer Receptivity and Breakdown in Hypersonic Flow Over a Swept Blunt Wedge with

Three-dimensional Freestream Acoustic Disturbances (ATAA 2016-4247) .....coieiiiiiieieeeeese e 1165
Adriano Cerminara, Neil Sandham

Hypersonic Boundary Layer with Streamline Curvature-Driven Adverse Pressure Gradient (AIAA

20L6-4248) .....oeeiiiee bbbt 1197
lan T. Neel, Andrew Leidy, Rodney D. Bowersox, Nathan R. Tichenor



Reflection of Acoustic Wave in Real Atmosphere for Hypersonic Boundary Layer Control (AIAA

2006-4249) ...t R R R R R R R R Rt n e

Peng Lv, Tiziano Pagliaroli, Jian Gong, Yudong Zhang, Fazila Mohd-Zawawi
Passive Hypersonic Boundary Layer Control: the Potential of an Ultrasonically Absorptive Ceramic

for HEXAFLY-INT (ATAA 2016-4250) ......ococveveiiiiririiieiiieitis sttt

Viola Wartemann, Alexander Wagner, Thino Eggers

FC-20: FEEDBACK FLOW CONTROL

Discrete Time Open-Loop and Closed-Loop Flow Control Based on Van der Pol Modeling (AIAA

AL 73<1:) W

Valentina Motta, Philippe Mouyon, Carsten D6l
Analysis of the Filtering Effect of the Stochastic Estimation and Accuracy Improvement by Sensor

Location Optimization (ATAA 2016-3257) .....c.eii ittt sttt st se e et ese e b e bestesbeseeneenene

Anthony Arnault, Julien Dandois, Jean-Claude Monnier, Jérdme Delva, Jean-Marc Foucaut

Global Mode Based Control of Supersonic Jet Noise (AIAA 2016-3258).........ccccriiriieiiniineeneseinieeseeenene

Mahesh Natarajan, Jonathan B. Freund, Daniel J. Bodony
Author Index





