Propellants and Combustion

Papers Presented at the AIAA Propulsion and Energy Forum
2021

Online
9-11 August 2021

ISBN: 978-1-7138-4344-3



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

IGNITION AND DETONATIONS

PROBABILITY DENSITY DISTRIBUTIONS IN DETONATION INITIATED BY
COMPRESSIBLE TURBULENT THERMODYNAMIC FLUCTUATIONS ......cooiiiiiieinseeee e 1
Hyejin Oh, Foluso Ladeinde

THERMO-MECHANICAL RESPONSE OF A HOT SURFACE IGNITION DEVICE UNDER

AIRCRAFT COMPRESSION IGNITION ENGINE CONDITIONS........oooiitiiiieieie e 8
Sang-Guk Kang, Je Ir Ryu, Austen Motily, Prapassorn Numkiatsakul, Tonghun Lee, Waltraud
Kriven, Kenneth Kim, Chol-Bum Kwon

LASER INDUCED SPARK IGNITION OF LAMINAR PREMIXED METHANE AIR JETS.......cccccevvvienen. 20
Seunghyun Jo, Jay P. Gore

FLAME SPEED OF TURBULENT PREMIXED KERNEL IN TURBULENT FLOWS ........cccoooiiiiiiirennns 30
Seunghyun Jo, Jay P. Gore

SOLID PROPELLANTS

INVESTIGATION OF ALUMINUM DROPLET COMBUSTION IN SOLID PROPELLANT

FLAMES: AL-PLIF EXPERIMENTS AND NUMERICAL SIMULATION ......coocorreineenneeesree s 43
Pier-Henri Chevalier, Nelly Dorval, Robin W. Devillers, Dmitry Davidenko, Xavier Mercier,
Julien Pichillou

SOLID PROPELLANT PERFORMANCE ENHANCEMENT THROUGH SYNERGISTIC

EFFECT OF THE FUNCTIONALIZED CARBON-BASED NANO-ADDITIVES PROPERTIES

MODIFICATION BY THE ELECTROSTATIC FIELD......c.coiiiiiiee ettt st 63
Alexander N. Lukin, Yutaka Wada

NUMERICAL STUDY ON COMBUSTION CHARACTERISTIC OF MICRON ALUMINUM
PARTICLE ..ottt btk bbb e bt b e bt e b e e bt e b e e bt bbbt e b et e bt e bttt b et b 73
Wang Junlong, Ningfei Wang, Baolu Shi, Xiangrui Zou, Wenhao Yu

TOWARDS A SIMULATION METHOD FOR ALUMINUM-PARTICLE-ENHANCED SOLID
FUEL COMBUSTION DEVICES......co o ciitititeiisie ettt sttt se s st sse e tese s nsesenens 81
Andrew M. Hess, David A. Kessler, Ryan F. Johnson, Brian T. Bojko

ENERGETIC MATERIALS AND ROCKET MOTOR COMBUSTION

EXPERIMENTAL AND NUMERICAL STUDY OF METHANE-OXYGEN COMBUSTION
INSIDE A LOW PRESSURE ROCKET MOTOR ..ottt 90
Kazim M. Akyuzlu, Mine Kaya

A HYBRID REAL/IDEAL GAS MIXTURE MODEL IN THE FRAMEWORK OF LOW ORDER
MODELING OF COMBUSTION INSTABILITY oottt ettt ettt e et e s et s e s e e s siaenesseraesenenees 97
Simone D'Alessandro, Paolo Maria Zolla, Marco Pizzarelli, Bernardo Favini, Francesco
Nasuti



LEAN DIRECT INJECTION (LDI) COMBUSTION

NUMERICAL SIMULATION OF LEAN BLOWOUT OF ALTERNATIVE FUELS IN 7-
ELEMENT LEAN DIRECT INJECTOR.....coiiiiiiiiisieit ettt
Makoto Endo, Kathleen M. Tacina, Yolanda R. Hicks, Tyler Capil, Jeffrey P. Moder

LEAN BLOWOUT PREDICTIONS OF A 7-POINT SWIRLER-VENTURI LEAN DIRECT
INJECTOR ARRAY FROM LARGE-EDDY SIMULATIONS.......cceciiiiiiiiitneesie et
Francisco J. Guzman, Kathleen M. Tacina, Yolanda R. Hicks, Tyler Capil, Jeffrey P. Moder

FLOW FIELD CHARACTERIZATION OF A THIRD GENERATION SWIRL-VENTURI LEAN
DIRECT INJECTOR ...ttt sttt etttk b bbbt b ket b ket sttt b bt nn b
Tyler Capil, Kathleen M. Tacina, Yolanda R. Hicks, Bidhan Dam, Angela Kimber

COMBUSTION DIAGNOSTICS AND MEASUREMENTS

MEASUREMENT OF RAYLEIGH-BRILLOUIN SPECTRAL LINESHAPES OF
COMBUSTION-RELEVANT GASES AT HIGH PRESSURE ........cccceoiiiiniiseeeee e
Ketana Teav, Adam M. Steinberg

BROADBAND, MID-INFRARED LASER-ABSORPTION MEASUREMENTS OF

TEMPERATURE, CH4, AND C3H8 IN FLAMES........cceotitiiieistein et sssse s ssssesnsnns
Zigiao Chang, Ryan J. Tancin, Vishnu Radhakrishna, Robert P. Lucht, Christopher S.
Goldenstein

2D VELOCITY FIELD MEASUREMENT OF CONVENTIONAL AND DISTRIBUTED
REGIME TURBULENT JET FLAME USING PARTICLE IMAGE VELOCIMETRY ......cccoreiininiienininns
Abinash Sahoo, Ryan Deboskey, Venkateswaran Narayanaswamy, Kevin M. Lyons

LASER-SUPPORTED PLASMA EMISSION AND RADIATION WAVE ........cccocviiiiriinieeieenene e,
Seunghyun Jo, Jay P. Gore, Jupyoung Kim

SPRAYS

A FUNCTIONAL-GROUP BASED “ARTIFICIAL” ACTIVITY COEFFICIENT MODEL FOR
DROPLET EVAPORATION (AACM-DE) OF COMPLEX FUEL......cccccoriiiiiiinieiseee e
Lei Luo, Yu C. Liu

LEVEL SET MODELING OF THREE-DIMENSIONAL SUPERSONIC LIQUID BREAKUP
USING THE METHOD OF CHAR A CTERISTICS ... esessnennnnnnnnnnnnnnnnnnnns
Abdullahalmut Sharfuddin, Foluso Ladeinde

PINTLE INJECTOR SPRAY ATOMIZATION: LIQUID SHEET BREAKUP
(018N T (0N I T TSR TR
Santiago Erazo, Joseph A. Day, Jacob Gamertsfelder, Prashant Khare, John M. Quinlan

COMBUSTION MODELING: METHODS

APPLICATION OF ARTIFICIAL NEURAL NETWORKS FOR THE SIMULATION OF A
PERFECTLY PREMIXED CHEMICAL REACTOR .....ccoiiiiiiieieiseet ettt
Florian Setzwein, Martin Grader, Timo Seitz, Peter Ess, Peter Gerlinger



REDUCING THE COST OF ENSEMBLE-BASED DATA ASSIMILATION IN MULTIPLE-
QUERY SCENARIOS THROUGH COVARIANCE AUGMENTATION......ccooiiiieieiriseerieee e 260
Andrew F. llersich, Kyle Schau, Joseph C. Oefelein, Adam M. Steinberg, Masayuki Yano

PERFORMANCE COMPARISON OF DATA-DRIVEN REDUCED MODELS FOR A SINGLE-
INJECTOR COMBUSTION PROGCESS........ooiiiiiieitt ettt ettt st sttt sbe e sbeeba s staesteesbeenbeennas 276
Parikshit Jain, Shane McQuarrie, Boris Kramer

APPLICATION OF INTRUSIVE AND NON-INTRUSIVE REDUCED ORDER MODELING
TECHNIQUES FOR SIMULATION OF TURBULENT PREMIXED FLAMES..........ccootiiiiniiineecninns 291
Jamie Bowers, Eli Durant, Reetesh Ranjan

SWIRL-STABILIZED COMBUSTION

DESIGN AND CHARACTERIZATION OF THE DUAL INDEPENDENT SWIRL
COMBUSTOR FACILITY (DISCO) .viietiteiieeiteitee sttt sttt sttt sttt st ss ettt st sa et st ss et st ssetesnens 305
Rahul Ramesh, Sanjar Obidov, Juan Paredes, Dennis S. Bernstein, Mirko Gamba

EFFECT OF FUEL TEMPERATURE ON EMISSIONS AND STRUCTURE OF A SWIRL-

STABILIZED FLAME ......ooiiiet sttt sttt sttt ettt s st et e et et et r e et ene st et e re e nene s 323
Colin T. McDonald, John J. Philo, Tristan T. Shahin, Rohan Gejji, Carson D. Slabaugh,
Robert P. Lucht

COMBUSTION INSTABILITIES OF SWIRL COMBUSTOR WITH AND WITHOUT CENTER-
BODY AIR INJECTION; COMPUTATIONAL STUDIES USING LES AND IDDES ..........cooeeviiiieeinne 335
Marcel Ilie, Matthew Chan, Jackson Asiatico

KINETICS AND FUELS

IMPROVED CHEMICAL KINETIC MODEL REDUCTION IN PYMARS FOR LIQUID
PROPELLANTS L.ttt ettt s £ s bRt E bRtk bbb et et b et et b e et et 346
Cailin Moore, Kyle E. Niemeyer

APPLICATION OF PROGRESS VARIABLE BASED TABULATED CHEMISTRY
APPROACH TO INVESTIGATE SPRAY COMBUSTION IN GAS TURBINE ENGINES...........ccoeeennae. 360
Balaji Muralidharan, Andrea C. Zambon, Ashvin Hosangadi

COMBUSTOR DEVELOPMENT AND PERFORMANCE ANALYSIS FOR RECUPERATED
MICROTURBINE APPLICATION.......oitititiiiiietistiiett ettt sttt sttt sasse s e se st s esessessenessenes 374
Yize Liu, Theoklis Nikolaidis, Abdelaziz Gamil, Seyed Hossein Madani, Mohammad Sarkandi

COMBUSTION DYNAMICS AND INSTABILITIES

FUEL SPRAY EFFECTS ON SELF-EXCITED COMBUSTION INSTABILITY IN A BLUFF-
BODY STABILIZED FLAME ..ottt sttt sttt sa bt e nae s e sese e nnans 386
Vincent G. Shaw, Rodrigo Villalva Gomez, Alec Gaetano, Ephraim Gutmark

DEVELOPMENT AND TESTING OF PULSE GUNS FOR COMBUSTION INSTABILITY
TESTING .ottt ettt ettt b et e te et et et e e b e s e et e e b e e e b e eb et e s e e be s s e R e et e see s e e b e seeseebe st e s e ebeneereebe st ereerenrs 409
Robin J. Osborne, James R. Hulka, Troy D. McCay, Matthew Casiano, Paul R. Dumbacher

Author Index





