5th Flow Control Conference 2010

Chicago, lllinois, USA
28 June — 1 July 2010

Volume 1 of 2

ISBN: 978-1-61738-925-2



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
1801 Alexander Bell Drive, Reston, VA 20191, USA.



TABLE OF CONTENTS

VOLUME 1

2010-4246 The Dynamics of Separation Control on a Rapidly Actuated FIap ..........cccceviviiiiieneienccec e 1
E. Phillips, R. Woszidlo, I. Wygnanski

2010-4247 Parametric Study of Sweeping Jet Actuators for Separation Control ............c.ccociiiiiiiniii e 17
R. Woszidlo, H. Nawroth, S. Raghu, I. Wygnanski

2010-4248 Enhancement of a High-Lift Airfoil using Low-Power Fluidic ACtUAOFS .........cccooiieiiiiiiiieie e 38
M. Desalvo, E. Whalen, A. Glezer

2010-4249 Active Separation Control on a High-Lift Configuration Using Segmented Actuation Slots...................... 53

T. Holl, E. Wassen, F. Thiele

2010-4250 Experimental and Numerical Investigations on the Control of Airfoil Stall Using VVortex

GBNEIALON JBTS.....ecuiiiiiiitci bbb bbb e bbb bbb e 69
P. Scholz, S. Mahmood, M. Casper, R. Radespiel, M. Sitzmann, Vlad Ciobaca

2010-4251 Experimental and Numerical Investigation on the Interaction of Control Jets Inside a Low

ASPECTE RALIO SNOFT DUCT.........ctitiiiictiee sttt bt b e et b bbb oo b oo a e bt e bt e bt e b e b e et e bt eb e e bt e b e e b e e ene et e aneenes 86
J. Vaccaro, O. Sahni, Y. Elimelech, K. Jansen, M. Amitay, Y. Chen

2010-4252 Active Separation Control with Pulsed Jets in a Critically Loaded Compressor Cascade.............cc........ 108
M. Hecklau, O. Wiederhold, V. Zander, R. King, W. Nitsche, M. Swoboda, A. Huppertz

2010-4253 Vortex Generators for Diffuser of Axisymmetric SUPersonic INIES ..........ccovevieiiniinicieneeeseee 123
T. Gillen, M. Rybalko, E. Loth

2010-4254 Normal Shock Boundary Layer Control with Various Vortex Generator Geometries...........ccocoevevvevrenenn. 141
S. Lee, E. Loth, H. Babinsky

2010-4255 Numerical Investigation of Plasma-Based Control for Low-Reynolds Number Airfoil Flows.................. 169

D. Rizzetta, M. Visbal
2010-4256 High Lift Airfoil Leading Edge Separation Control with Nanosecond Pulse Driven DBD

e P g AN wd (VT L (0] TSSOSO 191
J. Little, K. Takashima, M. Nishihara, I. Adamovich, M. Samimy
2010-4258 Dielectric-Barrier Discharge Plasmas for Flow Control at Higher Mach Numbers............ccccoevveivinnenn 214

K. Barckmann, J. Kriegseis, S. Grundmann, C. Tropea
2010-4259 On the Benefits of Hysteresis Effects for Closed-Loop Separation Control Using Plasma

Yot L8 L o] o TSP SOOSO USROS PR UTPTSOUPORPRTON 226
N. Benard, J. Bonnet, E. Moreau, J. Griffin, L. Cattafesta Ill

2010-4408 Flow Control Using Multiple Miniature Shock Tube ACLUALOIS ..........coeiiiiiieie e 251
R. Ramachandran, G. Raman

2010-4409 Comparison of Microjets with Microtabs for Active Aerodynamic Load Control ..........cccccccevevevnrnene. 263
M. Blaylock, R. Chow, C. Van Dam

2010-4410 Numerical Investigation of Jet and Vortex Actuator (JaVA) for Active Flow Control ............ccccccvevven. 276
S. Cadirci, H. Gunes, U. Rist

2010-4411 Uncertainty Quantification Integrated to the CFD Modeling of Synthetic Jet Actuators............cccccceeee. 287
S. Adya, D. Han, S. Hosder

2010-4412 Vortex Behavior of In-line Synthetic Jets in Cross Flow at Low Reynolds Number ............c.ccoccoeoiinne 307
T. lai, M. Motosuke, S. Honami, K. Iwabuchi

2010-4413 Ultrasonic Powered Resonance Tube Actuators for Flow Control Applications ............ccccoeevviirieninnene, 315
K. Chaudhari, G. Raman

2010-4414 Design and Optimization of Piezoceramic Zero-Net Mass-Flux ACtUators ...........ccocvevveviieiinevicsieeceeiens 336
M. Oyarzun, L. Cattafesta

2010-4415 Numerical Studies of a Supersonic Fluidic Diverter Actuator for Flow Control ............c.ccocoeneiiininnn 362
S. Gokoglu, M. Kuczmarski, D. Culley, S. Raghu

2010-4416 Effect of Plasma-Based Azimuthal Mode Excitation on Supersonic Jet FIOW...........ccccooiiiiiiiciniencnine 378

D. Gaitonde, M. Samimy
2010-4417 Active Control of an Incompressible Axisymmetric Jet Using Flaps and Zero Mass-flux

(o | L[] o SO TSSSSRPRP 401
Y. Singh, H. Mueller-Vahl, C. Nayeri, C. Paschereit, D. Greenblatt

2010-4418 Flow Control of High Reynolds Number Mach 1.3 Heated Jet Using Plasma Actuators...............c.c....... 414
M. Kearney-Fischer, J. Kim, M. Samimy

2010-4419 Development of Empirical Estimators for Feedback Control of AXisymmetric Jets.........cccooeveiieiinnenn 433
A. Sinha, A. Serrani, M. Samimy

2010-4420 Measurement-Integrated Simulations and Kalman Filter Applied to a Co-Flowing Jet...........ccccoeenee. 455

K. Imagawa, G. Bellani, O. Tammisola, F. Lundell, H. Higuchi, T. Hayase



2010-4421 Experimental Investigation of Jet Mixing Mechanism of Co-Flow Jet Airfoil ... 478
B. Dano, D. Kirk, G. Zha

2010-4422 Optimization of Long-Term Mixing in a Turbulent MiXing LaYer..........cccccooiiiiiieeieniieneeeeee e 496
S. Delport, M. Baelmans, J. Meyers

2010-4576 An Experimental Study of a Circulation Control Airfoil Trailing Edge Flow Field............cccccoccovevvinnenn. 504
D. Wetzel, J. Griffin, F. Liu, L. Cattafesta

2010-4577 Direct Numerical Simulation of Flow Around a Circulation Control Airfoil............ccocvivininiiiinnenn 524
N. Madavan, M. Rogers

2010-4579 Low Reynolds Number Laminar Airfoil with Active FIow CoNntrol............ccocoiiiiiiiiiiiiceeeee e 540

M. Thake Jr., N. Packard, C. Bonilla, J. Bons

2010-4581 A Tangential Synthetic Jet Model Based on Reynolds Stress Field for Flow Control
SIMUIALION OF AN ATITOIL.....eee ettt e et st et et et et e st e beebesbesbenbeseeneareanens 561
O. Lopez, S. Jee, R. Moser, D. Brzozowski, A. Glezer

2010-4582 Experimental Investigation of Turbulent Flow Separation Control by an Array of

SYNTNETIC JEES ...ttt h bbbt bt e e e h e b e bt b e H e e eeht e b e e h e eb e e b e bt et e n b e b e eh e ekt e b e b e b et e b e n et e 581
S. Zhang, S. Zhong

2010-4583 Wavy Riblets for Turbulent Drag REAUCTION...........cooiiiiiiiiie et 597
F. Kramer, R. Grueneberger, F. Thiele, E. Wassen, W. Hage, R. Meyer

2010-4584 Interaction of Finite-Span Synthetic-Jet And Cross-Flow over a SWept Wing .........cccocvevvvvineeniennnene 607
Y. Elimelech, K. Jansen, M. Amitay, J. Vasile, J. Farnsworth,

2010-4585 Drag Reduction in a Turbulent Boundary Layer by Spanwise Transversal Surface Waves..................... 622

S. Klumpp, M. Meinke, W. Schréder

2010-4586 Manipulation of Streamwise Vorticity in an Emulated Diffuser Boundary Layer Using
HYDFIA FIOW CONTEOL ...ttt bbbttt b e bt bbbt s e bt e bt b st e b et et e b e 631
A. Gissen, B. Vukasinovic, A. Glezer

VOLUME 2

2010-4587 Pulsating Cooling System for High Pressure Turbine Blades...........ccocooeiiiiiiiniiicicnceeeeecie e 646
M. Gonzélez, G. Paniagua, B. Saracoglu, A. Tiseira

2010-4588 Unsteady RANS Simulations on Flow Control in a Compressor Cascade Using Pulsed Jets

o 1 L = oo L= OSSP TSOURURPRN 659
C. Gmelin, M. Steger, F. Thiele, A. Huppertz , M. Swoboda, E. Wassen

2010-4590 Minimizing the Loss Produced by a Turbulent Separation Using Vortex Generator Jets..............ccou.... 674
S. Evans, J. Coull, I. Haneef, H. Hodson

2010-4701 Separation Flow Control on a Generic Ground Vehicle Using Steady Microjet Arrays...........cccccovevenenn. 689
S. Aubrun, F. Alvi, A. Kourta

2010-4702 Simulation of Active Separation Control on a Generic VENICIe............cooviiiiiiiiiicee 697
E. Wassen, F. Thiele

2010-4703 Plasma Flow Control of Cylinders in a Tandem Configuration ... 707

F. Thomas, A. Kozlov
2010-4704 Large Eddy Simulation Investigating Control of Flow Over a Flat-Window Cylindrical

TUITEE oo E b bbb b e b bbb bbb bbb bbb 728
P. Morgan, M. Visbal

2010-4705 Towards Effective ZNMF Jet Based Control of a Canonical Separated FIOW ............cccccoovvininiiiiicnenn 753
E. Aram, R. Mittal, J. Griffin, L. Cattafesta

2010-4706 Riblets in a Turbulent Adverse-Pressure Gradient Boundary Layer ............cccccoeiiiiieiiiieneneneisese s 769

S. Klumpp, T. Guldner, M. Meinke, W. Schroder

2010-4708 Modification of the Laminar-to-Turbulent Transition on a Flat Plate Using DBD Plasma

ot (8= (o] OSSPSR PR PP PSPPSRI 780
R. Joussot, R. Weber-Rozenbaum, A. Leroy-Chesneau, D. Hong

2010-4709 Numerical and Experimental Investigation of Electromagnetic Separation Control Using

DIffEreNT WaVE FOIMIS ..ottt bbb e r et b et n e 788
T. Albrecht, T. Weier, G. Gerbeth, H. Metzkes, J. Stiller

2010-4710 Flow over a Distribution of Obliquely Aligned Elements: Part I: Experimental

LYot (o= L o] OSSOSO 796
S. McClain, G. Narvaez IlI

2010-4711 Flow over a Distribution of Obliquely Aligned Elements: Part I1: Computational

STMUIATIONS ...ttt b e bbb s bk e bt h s £ bbb b e bt R bbbt b bt b bt e bt nr s 813
G. Narvaez Il, S. McClain,



2010-4832 On Commutation of Reduction and Control: Linear Feedback Control of a von Karman

=TT OSSPSR PO UR P PRRPPPRO 827
I. Akhtar, J. Borggaard, M. Stoyanov, L. Zietsman

2010-4833 Robust Nonlinear Control Versus Linear Model Predictive Control of a Bluff Body Wake..................... 841
K. Aleksic, D. Luchtenburg, R. King, B. Noack, J. Pfeifer

2010-4834 Compressible Wake Stabilization Using Periodic POFOSItY .........ccccccveiivieiiiiiiiese e 859

S. Patil, T. Ng
2010-4835 Drag Reduction of Two 2-D Bluff Bodies in a Tandem Arrangement Through Robust

1Y [T (<] W o <o T (YT @o] o 4 o] OSSO RRPR 887
R. Muminovic, N. Werner, J. Pfeiffer, R. King
2010-4836 Lift Enhancement by Plasma Actuators at Low Reynolds NUMDErS ..........ccccoceiiieeiiiiieneneeee e 900

A. Vorobiev, M. Rennie, E. Jumper
2010-4837 Vortical Flow Control over Delta Wings with Different Sweep Back Angles Using DBD

PIASIMA ACEUBLOT ......veiiiiiiicit ettt b bbb bbbt b bbbttt bbbttt 912
D. Kwak, R. Nelson

2010-4838 Flow Asymmetry over a Conical Forebody Under Plasma ACtUatioN............ccocooeieirieiineneneneieeseee 922
H. Tang, Z. Zhao, H. Li, F. Liu, S. Luo

2010-4840 Turbulent Boundary Layer Control by DBD Plasma: A Spanwise Travelling Wave ..........c.ccccccceoiinene. 939

R. Whalley, K. Choi
2010-4841 Retrospective Cost Adaptive Control of Low-Reynolds Number Aerodynamics Using a

Dielectric Barrier DISCharge ACTUALOL ............ccvii ittt ettt e st et et et e st eseebestesbe s e s esaeseesesbesreneen 958
Y. Cho, J. Hoagg, D. Bernstein, W. Shyy

2010-4966 Closed-Loop Flow Control for an Articulating TUITEL..........cocoiiiiiiii e 975
R. Wallace, P. Shea, M. Glauser, T. Vaithianathan, H. Carlson

2010-4967 Numerical Investigation of Robust Closed-Loop Flow Control of a High-Lift Configuration.................. 990
N. Heinz, R. King, T. Holl, E. Wassen, F. Thiele

2010-4968 Reduced Order Modeling for Feedback Flow Control of a Shear Layer..........cccccoceveiviviiiienenneeneen 1003
J. Seidel, S. Siegel, T. McLaughlin, C. Fagley

2010-4969 Closed Loop Control of a Wing's Lift for "GuUSt’ SUPPIreSSION ........ccccveieiieiiiieiece e 1015
D. Williams, W. Kerstens, J. Pfeiffer, R. King, T. Colonius

2010-4970 Investigation of a Low L/D Inlet Duct: Modeling, Estimator Design and Sensor Placement.................. 1026

X. Ge, W. Gressick, J. Wen, O. Sahni, K. Jansen

2010-4971 NARX Modeling and Adaptive Closed-Loop Control of a Separation by Synthetic Jet in
Unsteady RANS COMPUELATIONS ..ottt ettt ettt teseesbese et e e e st ebeebesbeseenee e eneaseabesbessesbeseeneaneasens 1039
P. Pamart, J. Dandois, E. Garnier, P. Sagaut

2010-4973 Microramp Flow Control for Oblique Shock Interactions: Comparisons of Computational

AN EXPEFIMENTAL DATA ......oveeiiiieitiiecieeee ettt et et e b e e es et e et e ebesb et et en s ebeebeebesbeabeseenbereanentees 1054
S. Hirt, M. O'Connor, D. Reich

2010-4974 Reduction of Fluctuating Surface Pressures in Supersonic Cavity FIOW ..........ccccoovviiiiiiiiiencisiceee, 1068
J. Dudley, L. Ukeiley

2010-4975 Buffet Control by Means of Mechanical and Fluidic Vortex Generators............ccoceoeerenenenienncnesenees 1090

J. Dandois, V. Brunet, P. Molton, J. Abart, A. Lepage
2010-4976 3-D Effects in a Supersonic Rectangular Jet Vectored by Flow Separation Control, A

Numerical and EXPErimMeNtal STUAY ..........covoiiiiiiiie ettt ettt sttt esesbeebesbesbe st e seeneereaneas 1104
V. Jaunet, D. Aymer, E. Collin, J. Bonnet, A. Lebedev, C. Fourment

2010-4977 Shock-Wave Control by Permeable Wake GENEIrators ...........cccivvirieiiiiieieiesieeees e 1114
E. Schuelein

2010-4979 Development of an Analytical SparkJet MOGEL............cooiiiiiiiiii s 1135

S. Haack, J. Emhoff, T. Taylor, B. Cybyk

2010-4980 Tailoring the Wall Jet from an Aerodynamic Plasma Actuator Through Electrode
1Y oo 1) {0t 1 o] o - J TSRS P PSP 1145
C. Dewey, S. McDowell, E. Stephen, T. McLaughlin, A. Kootz, S. Theuerkaut

2010-4982 Thrust Measurement of Dielectric Barrier Discharge Plasma Actuators and Power

Requirements for AerodynNamic CONTIOL ..ot st esbesbe st e e et esseseesestenren 1163
J. Ferry, J. Rovey

2010-4983 Parameter Design Optimization of Plasma Actuator Configuration for Separation Control................. 1178
T. Matsuno, K. Ota, T. Kanatani, H. Kawazoe

2010-5085 A Global Approach for Reduced-Order Models of Flapping Flexible Wings ..........cccccoooviiciiiinnnn. 1189

M. Wei, T. Yang

2010-5086 Large Eddy Simulation Study of Synthetic Jet Frequency and Amplitude Effects on a

Rounded Step SEPArAtEd FIOW. .........ciiiiiiieieeci ettt ettt be s be st e st eseeteebesbenbebeneeneereanens 1199
P. Pamart, J. Dandois, E. Garnier, P. Sagaut



2010-5087 On the Control of Turbulent Axisymmetric Separating/Reattaching Flows Using Zonal

Detached EddY SIMUIATION...........oi ettt b e se et e et et e s besbese e e e e eneebeebeebeseenbenneneareanen 1210
P. Weiss, S. Deck, P. Sagaut

2010-5088 Adjoint Approaches For Optimal FIOW CONEIrol ..ot 1222
A. Carnarius, F. Thiele, E. Oezkaya, N. Gauger

2010-5089 Large Eddy Simulation Ideas for Nonlinear Closure in Model Reduction of Fluid Flows...................... 1237

I. Akhtar, J. Borggaard, T. lliescu, Z. Wang
2010-5090 Computational Analysis of Unsteady Flow-Field Induced by Plasma Actuator in Burst

AV, oo [T ORO 1251
K. Asada, K. Fujii

2010-5091 An Improved Passive Vortex Generator Model for Flow Separation Control.............ccccocevvioicinienne 1263
F. Von Stillfried, S. Wallin, A. Johansson

2010-5092 Reduced-Order Model of a Flow Around an Airfoil with Circulation Control...........c..cccooevveviiiieieinn, 1277

S. Sattler, P. Scholz, R. Radespiel
Author Index





