Pressure Gain Combustion

Papers Presented at the AIAA SciTech Forum and
Exposition 2019

San Diego, California, USA
/7 -11 January 2019

ISBN: 978-1-5108-8425-0



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

EVIDENCE OF PRESSURE BUILD-UP IN H,-AIR FAST FLAMES FOR DEFLAGRATION-TO-
DETONATION ...ttt et e ettt e e st e e e st e e s taeeeasbeeeessbeeesateeeeassseeeaabeeeaabeeeeseseeesbeeessseeeaateeeessbeeestaeaesssaaens 1
Jessica M. Chambers, Kareem A. Ahmed, Laura O'Neill, Alexei Poludnenko, Vadim N. Gamezo

EFFECT OF AEROSPIKE PLUG NOZZLE DESIGN ON ROTATING DETONATION ENGINE

PERFORMANCE FOR ROCKET APPLICATIONS ...ttt e se st te e s s snaeesnaeentaesnaaaneesnanesnenans 6
Alexis J. Harroun, Stephen D. Heister, Swanand V. Sardeshmekh, Joseph H. Ruf

DETONATION WAVE DYNAMICS IN A ROTATING DETONATION ENGINE.........ccceiiiivieiiece e 21
Fabian Chacon, Mirko Gamba

SCRAMJET OPERABILITY AND RDE DESIGN FOR RDE PILOTED SCRAMUIET ....cccooviiniiieieseeniesie s 35
Ryan Druss, Marc D. Polanka, Timothy M. Ombrello, Matthew L. Fotia

PROGRESS IN UNDERSTANDING ROTATING DETONATION MODES .......ccccoiiiieire e 43
Cyprien Jourdain, Vincent Rodriguez, Pierre Vidal, Ratiba Zitoun

REDUCED ORDER MODELING OF ROTATIONAL DETONATION ENGINES.........cooiiiiiie e, 52

Jenna Humble, Swanand Sardeshmukh, Stephen Heister

STUDY OF PARASITIC COMBUSTION IN AN OPTICALLY ACCESSIBLE CONTINUOUS

WAVE ROTATING DETONATION ENGINE.......coiiiiiieiieie sttt sb st nne e 66
Fabian Chacon, Mirko Gamba

EXPERIMENTAL STUDY OF A HYPERGOLICALLY IGNITED LIQUID BIPROPELLANT

ROTATING DETONATION ROCKET ENGINE........coiiiiiitiie ittt aeesteesnaeesneeanaeensee s 80
Wesly S. Anderson, Stephen D. Heister, Carl Hartsfield

OPERATING CHARACTERISTICS OF A CH,/O, ROTATING DETONATION ENGINE IN A

BACKPRESSURE CONTROLLED FACILITY oottt sttt e et se et saa e snaesnaeestaesnaaenneesnanessnssnseensesaneas 103
J.V. Koch, M.R. Washington, M. Kurosaka, C. Knowlen

IMPACT OF OUTLET RESTRICTION ON RDC PERFORMANCE AND STAGNATION

PRESSURE RISE ... .ottt sttt 1 ke s e bbb e a8 b e b e bt e ke e R e bt e st e ke e Rt e s b e e st et e e ne et e n b e e bennen 118
Eric Bach, Myles D. Bohon, Christian Oliver Paschereit

TWO DIMENSIONAL SIMULATION OF RDE COMBUSTOR WITH A DYNAMIC INJECTION

LAY 1 PSRRI 131
Kota Mikoshiba, Swanand V. Sardeshmukh, Stephen D. Heister
NUMERICAL SIMULATION OF NORMAL DETONATION WAVE ENGINE .........cccooiivii e 140

Rahul Kumar, Ajjay Omprakas, Donald R. Wilson

MEASUREMENTS OF H,0, CO,, CO, AND STATIC TEMPERATURE INSIDE ROTATING

DETONATION ENGINES ......ooiiiiiiieiii ettt bt b e s e b e bt e b e s e s b e e st e ke e Rb e be e b e et e eneenbeeraenbeanean 152
Kyle Thurmond, Kareem Ahmed, Subith Vasu, Jeffrey B. Stout

OPERATIONAL STABILITY LIMITS IN ROTATING DETONATION ENGINE NUMERICAL

] 1Y/ 1 ]\ USSR PPRTPRN 157
Daniel E. Paxson, Douglas A. Schwer

MACH NUMBER EFFECT ON PROPAGATION AND STABILIZATION OF DETONATION

Daniel Rosato, Jonathan Sosa, Kareem A. Ahmed
EFFECTS OF NANOSECOND REPETITIVELY PULSED PLASMA DISCHARGES ON A

PROPAGATING HYDROGEN--AIR FLAME ..ottt 176
Joshua A.T. Gray, Deanna A. Lacoste
AN ASSESSMENT OF TECHNIQUES FOR CALCULATING RDES........cooiiiiiiiiic e 184

Jacobs Somnic, Foluso Ladeinde
FLOWFIELD ANALYSIS OF A 3D SIMULATION OF A ROTATING DETONATION ROCKET

Christopher F. Lietz, Yogin Desai, Ramakanth Munipalli, S. Alexander Schumaker, Venkateswaran Sankaran

EXPERIMENTATION OF MEASURING PRESSURE GAIN COMBUSTION WITHIN A

ROTATING DETONATION ENGINE ..ottt sttt et s be e besbeeaesbeanbenbaereenbean 210
lan Dunn, Kyle Thurmond, Kareem A. Ahmed, Subith Vasu

EXIT CONDITION MEASUREMENTS OF A RADIAL ROTATING DETONATION ENGINE

BLEED AIR TURBINE .....oooitiiiie ittt ettt sttt et e s e e st e sab e e be e e s te e nneeenb e e s be e e steesnbeanbeeeneeeneennneantes 215
Riley Huff, Frederick R. Schauer, Scott A. Boller, Marc D. Polanka, Matthew L. Fotia, John L. Hoke

DETONATION AMPLIFICATION AND ATTENUATION THROUGH GEOMETRIC AREA

Lo A I 1] 1 ] RSB 227
Daniel Cuppoletti, Timothy Ombrello, Keith Rein



GAS SAMPLING TECHNIQUES FOR NOyx EMISSIONS IN PULSE DETONATION
(010 1171 =10 S 1 1 USSR 236
Niclas Hanraths, Myles D. Bohon, Christian Oliver Paschereit, Neda Djordjevic

MIXING IN LINEAR DETONATION CHANNEL WITH DISCRETE INJECTORS AND SIDE

L I 1 PSR PP PPPPROt 251
J. Burr, K.H. Yu
EXPERIMENTAL STUDY OF A LINEAR RDE SECTION COUPLED TO AN OPERATING RDE................... 260

Robert T. Fievisohn, Kevin Y. Cho, John L. Hoke, Frederick R. Schauer
AN EXPERIMENTAL COMPARISON OF THE INNER AND OUTER WALL HEAT FLUX IN AN

Christopher A. Stevens, Matthew L. Fotia, John L. Hoke, Frederick R. Schauer

EXPERIMENTAL FLOW VISUALIZATION IN A RADIAL ROTATING DETONATION ENGINE.................. 283
Scott A. Boller, Marc D. Polanka, Riley Huff, Frederick R. Schauer, Matthew L. Fotia, John L. Hoke

MODELLING OF FUEL TRANSPORT FOR A SHOCKLESS EXPLOSION COMBUSTION

PROCESS ...ttt b bbb e h b e s b bt e h e e R e 4R b e b £ e b s e R e SR b e b e e R e R oAb R e R b e bR Rt b e neanr s 294
Florian Arnold, Rudibert King, Fatma C. Yucel, Fabian Volzke, Christian O. Paschereit

PROPAGATION OF DETONATION WAVES IN A PREMIXED MACH 5 CROSSFLOW.........ccccvviieninieieenn 306
Gabriel B. Goodwin, Christian L. Bachman, Elaine S. Oran, Carolyn R. Kaplan, Jonathan Sosa, Kareem A. Ahmed

AUTO-IGNITION AND DETONATION OF H2/AIR MIXTURES IN HYPERSONIC FLOWS..........cccceviiaenne 317

Jonathan Sosa, Daniel A. Rosato, Kareem A. Ahmed, Gabriel B. Goodwin, Elaine S. Oran, Carolyn R. Kaplan
DEVELOPMENT OF A HIGH EFFICIENCY SYSTEM WITH A ROTATING DETONATION
ENGINE FOR A GAS TURBINE ENGINE (RDE-GTE) USING PRESSURE GAIN COMBUSTION.................... 323
Koichi Hayashi, Nobuyuki Tsuboi, Kohei Ozawa, Kazuhiro Ishii, Tetsuro Obara, Shinichi Maeda, Edyta
Dzieminska, Toshiharu Mizukaki
PARAMETRIC SURVEY OF A NATURAL GAS-AIR ROTATING DETONATION ENGINE AT

ELEVATED PRESSURE.........ooi ettt ettt et e st e et e e s e e st e sab e et e e steesateenbeesteeesteesnseenteeenaeesneesneeanees 329
lan Walters, Christopher L. Journell, Aaron Lemcherfi, Fohan Gejji, Stephen Heister, Carson D. Slabaugh
THE EFFECT OF FUEL STRATIFICATION ON THE DETONATION WAVE STRUCTURE.........cccocveviiininns 343

Supraj Prakash, Romain Fievet, Venkat Raman

INVESTIGATION OF THE EXHAUST FLOW OF A PULSE DETONATION COMBUSTOR AT

DIFFERENT OPERATING CONDITIONS BASED ON HIGH-SPEED SCHLIEREN AND PIV .......ccccoovvviinieene. 361
Mohammad Rezay Haghdoost, Daniel Edgington-Mitchell, Christian Oliver Paschereit, Kilian Oberleithner

TRANSIENT RESPONSE OF A LIQUID INJECTOR TO AN ETHYLENE-OXYGEN

DETONATION WAVE ... .ottt b et b et b e s e bt e 1t e e bt e R b e A bt e bt e ke eRb e eb e e st e ekt e mb e s bt e st e e b e enbenbeereenbeanean 376
Dasheng Lim, Hasan F. Celebi, Stephen D. Heister

TIME-RESOLVED PIV DIAGNOSTICS TO MEASURE FLOW FIELD EXITING METHANE-

FUELED ROTATING DETONATION COMBUSTOR......coiititiiiieiiisiestt sttt 389
Daniel L. Depperschmidt, Jonathan R. Tobias, Robert S. Miller, Mruthunjaya Uddi, Ajay K. Agrawal, Jeffery B.
Stout

A PARAMETRIC ANALYSIS OF A ROTATING DETONATION ROCKET ENGINE CYCLE

USING CEA .ottt bkt b e st e s bt o1 e e bt e Rt oAbt e h e e eb e eR b e Akt e h £ e b e 4R b e A b e e h e ekt e R e e Ab e oAb e bt e nb e e b e e b e e ke e neenbenbeebeanean 405

Randon C. Kimura, Eric J. Paulson, Venke Sankaran

OPTIMAL CONTROL FOR FIRING SYNCHRONIZATION IN AN ANNULAR PULSED

DETONATION COMBUSTOR MOCKUP BY MIXED-INTEGER PROGRAMMING ..........ccoviiiiiiiiiiieciiiee s 420
Sascha Wolff, Rudibert King

EXPERIMENTAL THRUST SENSITIVITY OF A ROTATING DETONATION ENGINE TO

VARIOUS AEROSPIKE PLUG-NOZZLE CONFIGURATIONS ...t 430
Matthew L. Fotia, Thomas A. Kaemming, John Hoke, Joshua R. Codoni, Fred Schauer
QUASI-STEADY-STATE ANALYSIS OF A HIGH RESOLUTION DETONATION SIMULATION.........ccccov... 447

Craig A. Nordeen, Douglas A. Schwer

PROGRESS IN EFFICIENT, HIGH-FIDELITY, ROTATING DETONATION ENGINE

SEIMULATIONS bbbt bt b e h e bbb e bt h b e b e AR e e bbbttt e bt bbb et eb e bt et 464
Douglas A. Schwer, Ryan Johnson, Andrew Kercher, David Kessler, Andrew Corrigan

INJECTOR ALIGNMENT STUDY FOR VARIABLE MIXING IN ROTATING DETONATION

ROCKET ENGINES ... .o oottt ettt e e e e et e s s e e teeas b e e te e e s eeesseesnteeseeesaeeaneeenteesseeesteesnseenseeannneneenneeenees 477
Blaine R. Bigler, John W. Bennewitz

INVESTIGATION OF CHANNEL PRESSURE EFFECT ON ROTATING DETONATION ENGINE ................. 489
Po-Hsiung Chang, Woo Kah Leong, Sihe Chen, Xin Huang, Jiun-Ming Li, Chiang Juay Teo, B. C. Khoo

INFLUENCE OF REACTANT INJECTION PARAMETERS ON RDC MODE OF OPERATION ......ccccccvvveniiane. 504

Richard Bluemner, Myles D. Bohon, Hai-Quang Nguyen, Christian Oliver Paschereit, Ephraim J. Gutmark



INFINITE LINE PRESSURE PROBE AND FLUSH TRANSDUCER MEASUREMENTS IN A

ROTATING DETONATION ENGINE CHANNEL .....oooitiii ittt e e e e nnee e s e snaeenneeanees 520
Andrew Naples, Andrew Knisely, John Hoke, Fred Schauer

HYDROCARBON FUEL EFFECTS ON NON-PREMIXED ROTATING DETONATION ENGINE

PERFORIMANCE .....cctiittiieit ettt ettt sttt te e 1e e be e st e bt a1 e e ek e e84 e s b4 e84 e b4 a8 b e A b e e b e e beehe e e bt e s e e ke e Rt e s be e st e et e e ne e benbeebennean 531
Takuma Sato, Venkat Raman

BURST-MODE 355 NM PLIF FOR DETONATION WAVE FRONT VISUALIZATION AND 100-

300 KHZ PARTICLE IMAGE VELOCIMETRY ..ottt sttt s saeeanaeesteesnsaenneeanaeennee s 547
Kevin Y. Cho, Christopher A. Fugger, Robert T. Fievisohn, Brian C. Sell, John L. Hoke, Sean P. Kearney, Andrew
W. Caswell, James R. Gord, Frederick R. Schauer

A DETAILED COMBUSTION SOLVER FOR DETONATION ENGINES SIMULATIONS........cccoccoiiniiiiinininns 560
Ludovico Nista, Ali Can Ispir, Bayindir H. Saracoglu

FUEL INJECTION DYNAMICS AND DETONATION WAVE INTERACTION IN

RECTANGULAR CHANNEL ...ttt sttt e e st e st e st e ste e sse e st e e s be e e steesnbeebeesreeeneeanneentes 573
S. Redhal, J. Burr, K.H. Yu

EVALUATION OF OH EMISSION FOR DETERMINING OPERATION OF A ROTATING

DETONATION ENGINE ... .ooiiiiie ettt et e et e e s e e s bt e aate e e teeesaeesateenbeesteeesteesaseentaeanneesaeesnreanres 584
Alex Feleo, Jacob France, Logan White, Mirko Gamba

NUMERICAL INVESTIGATION OF ROTATING DETONATION COMBUSTOR (RDC):

PERFORMANCE ANALYSIS OF NON-PREMIXED RDC IN A 2-D DOMAIN .....ccccoiiiiiiniiie e 594
Sathyanarayanan Subramanian, Joseph Meadows

Author Index





