High-Speed Air-Breathing
Propulsion

Papers Presented at the AIAA SciTech Forum and Exposition
2020

Orlando, Florida, USA
6 — 10 January 2020

ISBN: 978-1-7138-1090-2



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
12700 Sunrise Valley Drive, Suite 200, Reston, VA 20191, USA.



TABLE OF CONTENTS

NUMERICAL ANALYSIS OF RAMJET/SCRAMJET ENGINES |

FLOW AND FLAME DYNAMICS IN A HYDROCARBON-FUELED DUAL-COMBUSTION
RAMUET ENGINE ..ottt ettt et s e ss et e e et e b et e b s e bt e et et e s e st et e e nbene e s etnne s 1
Liwei Zhang, Hong-Gye Sung, Vigor Yang

PREDICTING IGNITION PROBABILITY USING A BACKWARDS-TIME INTEGRATION
SCHEME ...ttt bbb bbbt £ b bR 4 e b E e b b e b £ £ e b e b e £ e b e bR e e E b e et b b e bbb e bt nn et 12
Philip Ivancic, Ed Luke, Ez A. Hassan, Timothy Ombrello, David M. Peterson

NUMERICAL SIMULATION OF FLOW THROUGH SCRAMJET INLET - ISOLATOR
MODEL WITH PRESSURE FEEDBACK .......ccoitiiiiiisiriisieent sttt seste e sessese s sesesessssessssssesessnsesens 29
Yuvraj Sarout, Thundil Karuppa Raj R, Senthilkumar Paramasivam

REACTING RANS SIMULATIONS OF A DUAL-MODE RAMJET COMBUSTOR: A CODE
CREDIBILITY STUDY ..ottt ettt ettt s st bbb sttt s bt e bt e s st a et e s et e s e e s b et et ssebene st bens 41
Brett J. Bornhoft, David M. Peterson, Timothy A. Eymann, Ez A. Hassan, Mark Hagenmaier,
Robert A. Baurle

A 3-D NODAL-AVERAGED GRADIENT APPROACH FOR UNSTRUCTURED-GRID CELL-

CENTERED FINITE-VOLUME METHODS FOR APPLICATION TO TURBULENT

HYPERSONIC FLOW ... oottt ettt b bbbtk b etk bbb e bbb bt 66
Jeffery A. White, Hiroaki Nishikawa, Robert A. Baurle

HIGH-SPEED COMBUSTION |

AN OPENFOAM-BASED FULLY COMPRESSIBLE REACTING FLOW SOLVER WITH

DETAILED TRANSPORT AND CHEMISTRY FOR HIGH-SPEED COMBUSTION

SIMULATIONS ...ttt sttt ettt s et E e e R e s e b e st s e s b e e b e R e e s e et et se e b e s e nesaen e e e sesenenenns 88
Dezhi Zhou, Shufan Zou, Suo Yang

INFLUENCE OF PERIODICITY ON SIMULATIONS OF A ROUND SUPERSONIC
COMBUSTOR USING HYBRID RANS/LES ...ttt ettt sttt ettt et ssabe s sata s s 98
David M. Peterson, Ez A. Hassan, Brett J. Bornhoft

SPECIAL SESSION: STRATOSPHERIC FLYING OPPORTUNITIES FOR HIGH-SPEED
PROPULSION (STRATOFLY) PROJECT

DESIGN AND INTEGRATION OF A CRYOGENIC PROPELLANT SUBSYSTEM FOR THE
HYPERSONIC STRATOFLY MR3 VEHICLE ...ttt etae sttt 111
Roberta Fusaro, Nicole Viola

STRUCTURAL SCHEME FOR THE PROPULSION SYSTEMS AND THE COMPLETE
HYPERSONIC STRATOFLY VEHICLE ........coviiiiiiiieeerseie ettt sessene e 124
Miguel Rodriguez-Segade, Santiago Hernandez, Jacobo Diaz, Aitor Baldomir, Daniel Lopez

THERMODYNAMIC EFFICIENCY ANALYSIS AND INVESTIGATION OF EXERGETIC
EFFECTIVENESS OF STRATOFLY AIRCRAFT PROPULSION PLANT ...oovioiivcen et 134
Ali C. Ispir, Pedro M. Goncalves, Bayindir H. Saracoglu



LARGE EDDY SIMULATIONS OF THE LAPCAT-II AND THE SSFE COMBUSTOR
CONFIGURATIONS ..ottt sttt sttt st e ettt s s e b b et e te s et b e s e e et e s e e st et e e e b e b e e st tenennetene s anenes 144
Christer Fureby

NUMERICAL ANALYSIS OF RAMJET/SCRAMJET ENGINES 11

NUMERICAL INVESTIGATION OF SCALING EFFECTS ON A RAMJET-POWERED
PROUJIECTILE ..otttk b bbbt bbbt b et b e bt bbb e b b 157
Arjun J. Vedam, William A. Engblom

LARGE EDDY SIMULATION OF AN OPTIMIZED HIGHLY-COMPACT SUPERSONIC
INLET FEATURING INTERNAL COMPRESSION SPIKES.......ccctsietiisieiisteeiesisiesssseessssee e eessenens 179
Stephen M. Barr, Balaji Muralidharan, Neeraj Sinha

STUDY OF PRESSURE OSCILLATIONS IN OPEN STRUT CAVITY ...coviiieriiee e 193
Ajay A. Dhankarghare, T M Muruganandam, T Jayachandran

SEPARATION CONTROL INSIDE A RECTANGULAR SUPERSONIC INLET USING
DIELECTRIC BARRIER DISCHARGE PLASMA ACTUATORS.......ccciitireirisirenenieeresestese s sessesenenens 203
Christian Porrello, Subrata Roy, Rogerio G. Pimentel

HIGH-SPEED INLETS, ISOLATORS AND NOZZLES

STRUCTURE OF A MACH 2 SHOCK TRAIN FROM EXPERIMENTAL MEASUREMENTS................. 215
Louis M. Edelman, Mirko Gamba

PSEUDOSHOCK DIMENSIONALITY IN AXISYMMETRIC AND RECTANGULAR
L0 N 1 N | I R RTRRPS 233
Gyu Sub Lee, Damiano Baccarella, Qili Liu, Gregory S. Elliott, Tonghun Lee

FLOW CHOKING INDUCED BY COMBUSTION AND MASS INJECTION IN A CIRCULAR
MODEL SCRAMUIET AT MAGCH 4.5 ..ottt 250
Damiano Baccarella, Qili Liu, Gyu Sub Lee, Tonghun Lee

EFFECTS OF DETONATION DECOUPLING ON THE IGNITION OF A SUPERSONIC

CAVITY FOR SCRAIMUIETS. ...ttt sttt sttt ettt se bbb s et et e st s e e b et st be e s ebene st snereneanas 265
Daniel A. Rosato, Kareem A. Ahmed, Daniel R. Cuppoletti, Timothy Ombrello, Campbell D.
Carter, Stephen Hammack

LIQUID JET INTERACTION WITH SUPERSONIC CROSSFLOW.......cccoeeiiisicesinieeieese st sasnens 272
Vishal Singh, Nithin Chandy Joseph, Nimesh Thakor, Swetaprovo Chaudhuri

HIGH-SPEED COMBUSTION 11

INVESTIGATIONS OF MIXED CONVENTIONAL AND MILD COMBUSTION FLAMES...........cccoc.... 284
Venkateswaran Narayanaswamy, Abinash Sahoo, Kevin Lyons, Ryan F. Johnson, Aravind
Ramachandran

SIMULATIONS OF TURBULENT COMBUSTION FOR A JET-FUELED CAVITY
ADJACENT TO A SUPERSONIC ARC-HEATED FLOW .....ccocoiiiiieiicsieeesie e 319
Esteban Cisneros-Garibay, David Buchta, Jonathan Freund

Author Index





