GTE Combustors

Papers Presented at the AIAA SciTech Forum and Exposition
2024

Orlando, Florida, USA
8 — 12 January 2024

ISBN: 979-8-3313-0433-1



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

GTE COMBUSTORS 1

Influence of Pressure and Mixture Composition on Ignition Kernel Properties in Inert and Reactive
LO0) oV e i1 o)« HO TP TSP T U PP PRTPT PPN 1
Alessandra Matino, Julien Sotton, Marc Bellenoue, Christophe Viguier, Stéphane Richard

Numerical Investigation of Diffusion Flame in Transonic Flow with Large Pressure Gradient..................co..... 12
Yalu Zhu, Feng Liu, William A. Sirignano

A Study of Combustion Characteristics in Afterburner for Micro Gas Turbine Engine Under Varied
FUE] SUPPLY CONAIIONS ...ttt r et n e s r e e nre e e an e ene e sne e nn e neennennnenrne s 35
DongEun Lee, Seok-Min Kim, Yunsup Hwang, Young Seok Kang, Dong-Ho Rhee

Evaluation of Exhaust Gas from Micro-Jet Engine Using SAF Made from Coconut .............ccccvevveniierinennnn 39
Shinichiro Ogawa, Takuto Hongo, Koichi Mori, Yasuaki Maeda, Nguyen H. Uyen

GTE COMBUSTORS 11

Experimental Investigation of Premixed, Hydrogen Enriched Methane-Air Reacting Jets in a High-

Pressure AxXial Stage COMDUSIOT ......ccuuiririiiieiie et sre e e n e sne e sneesne e reere e nenrnens 48
Michael E. Tonarely, Charles R. Clark, Max K. Fortin, Khaoula Chougag, Penelope Torres
Serrano, Anthony J. Morales, Sheikh Salauddin, Kareem A. Ahmed

Nanoparticle Formation in an Axially Staged Combustor at Elevated Pressures .........ccooeveiiiiiniinneniecieee. 56
Max K. Fortin, Sheikh Salauddin, Kareem A. Ahmed

Effect of Injection Orifice Geometry on the Combustion Efficiency of a Swirl Stabilized
Methane/Air Combustor, at AtmOSPhEric PreSSUIE. .........oiviiiiiiiicierse e 64
Brandon O'Brien, Marcello Gonzalez, Marcel Ilie

Effect of Methane in Global Combustion Characteristics of Glycerol and Methanol Blend by Using
A NOVE]l SWITT BUISt INJECIOT....cviiuiiiiiiiie i 80
S M Rafiul Islam, Ishaan Patel, Lulin Jiang

GTE CONTROLS AND OPERATIONS

Transient Optimization of an Electrified Gas Turbine Engine Using Machine Learning............cccccocovervnennene. 94
Jonathan S. Litt, Jonathan L. Kratz, Sonika Vuyyuru, Marcus A. Horning

An Adaptive Modeling Method of Hydrogen-Fueled Turbojet Engine...........ccocovveviiiniiniiiicice 104
Xiting Wang, Ai He, Zhixiong Chen, Jincen Jiang, Zhongzhi Hu

Failure Behavior and Control-Based Mitigation for a Parallel Hybrid Propulsion System...........cc.ccccevvrennne 116
Jonathan L. Kratz, Donald Simon

Evaluation of Tandem Transonic Compressor Performances with Mixing Plane and Metric-Based
IMESH AQAPLALION. ...ttt e 133
Alberto Remigi, Mickael Philit, Frederic Alauzet, Eloi Guilbert



Nonlinear Backstepping Controller Design for a Gas Turbine Engine..........c.ccoocevinininiiiiniiicien 152
Rohit K. Maurya, Subhashis Nandy, Arnab Maity

GTE ZERO EMISSION I

Influence of Turbofan Engine Design Parameters on Aircraft Environmental Impact............c.cccoovivenvnnennnn, 165
Kanghyun Lee, Diego Salgado, Prakash Prashanth, Raymond Speth, Jayant Sabnis, Sebastian
Eastham, Steven Barrett

Design and Optimization of an On-Board Preheater for Thermo-Catalytic Ammonia Decomposition ........... 178
Lucas Cavalcante, Marcel Otto, Erik Fernandez, Jayanta Kapat

Ammonia Ignition Delay Times at Turbine-Relevant Conditions in a Shock Tube ...........cocvvviieninicniiine 198
Dyler M. Kelly, Justin J. Urso, Michael Pierro, Cory Kinney, Christopher W. Dennis, Subith
Vasu, Ramees Khaleel Rahman

Combustion of Cracked Ammonia Fuel in a High Pressure Toroidal Jet-Stirred Reactor at Aircraft

Jet TUIDINE CONAITIONS ... ..eeiiiitiii e i e it e e ettt e et e e e st e e e e taeeeseabeeesssbeeeeateeeesasseeesssbaeeeansaseesssaeesasseeeeanseeeesnens 204
Marzuqa Ahmed, David S. Zamora, Shahzad Bobi, Priyankar Garai, Ramees Khaleel
Rahman, Subith Vasu

Challenges and Opportunities of Ammonia as a Zero-Emission Aircraft Fuel...........cccocovniiiniiiicincnn 211
Marcel Otto, Ladislav Vesely, Jayanta Kapat

GTE ZERO EMISSION 11

Numerical Investigation of Different Configurations for Hydrogen Fuelled Jet Engine Combustors.............. 222
Lorenzo Folcarelli, Andrea Ferrero, Filippo Masseni, Dario Pastrone

Analysis of NH3 Slip and NOx Formation for Ammonia Powered Aviation Engines ...........ccoccovveverieeneennn. 233
Shahzad Bobi, Ramees Khaleel Rahman, Priyankar Garai, David S. Zamora, Marzuqa
Ahmed, Subith Vasu

Ammonia Speciation in Shock Tube Experiments at Gas Turbine Relevant Conditions ............c.cccvevervenieennn. 239
Nikolas Hulliger, Justin J. Urso, Christopher W. Dennis, Alex Pothen, Michael Pierro, Subith
Vasu

Effect of Reduced Residence Times on NOX Using Ammonia and Hydrogen as a Fuel for Aviation
(0001110101 70 TP 245
Priyankar Garai, Shahzad Bobi, David S. Zamora, Marzuga Ahmed, Ramees Khaleel
Rahman, Subith Vasu

Auto-Ignition Boundary Characterization of Hydrogen-Enriched Natural Gas Mixtures at Lower

Temperatures for Gas Turbine SaAfEty ..........ccviiiiiiiiiiii e s 250
Chris Loving, Garrett Mastantuono, Ramees Khaleel Rahman, Subith Vasu, Travis Pigon,
Angel Hernandez, Scott Cloyd

GTE DESIGN AND CYCLES

Probability One Homotopy Methods for Robust Gas Turbine Thermodynamic Cycle Simulations
L8 T oY AN o N PR PP PSR 256
Philip C. Abolmoali, Soumya S. Patnaik



Thermodynamic Cycle Modeling of an Ammonia Aero ENgiNe ...........ccoovvviiiiiiciiiiiinseeee 266
Brandon Cotto, Kangana Patel, Marcel Otto, Ladislav Vesely, Jayanta Kapat

The Design & Analysis of a Mixed Exhaust Turbofan Engine with Intercooling and Regeneration ............... 278
Evan Yates, Terry Yan

Conceptual Design of a Single Core Mixed Pressure Flow Hybrid Electric Turbine Engine............cccccevuenee. 287
Nazir Gandur, Guilherme Fernandes, Victor Maldonado, Jeremy Wilkey, Anthony Valencia,
Nolan Shelton, Adrian Brink, Santos Ramirez

Performance Optimization Through Steady-State Analysis of an Aero-Engine. ..........c.ccocvvvrivvienenincnnnene, 295
Kangana Patel, Brandon Cotto, Ladislav Vesely, Marcel Otto, Jayanta Kapat

CLEAN AVIATION SPECIAL SESSION: ADVANCED ENGINE AND AIRCRAFT
CONFIGURATIONS

Clean Sky 2 Advanced Rear End DemoOnStrator. . .......ccovevvriiiieiieiie e 308
Enrique Guinaldo

Hybrid Laminar Flow Control Activities Within the Frame of Clean SKy 2 .........cccccovniiiniiiiiinn 323
Martin Wahlich, Alexander Bismark, Martin Radestock, Kfir Menchel, Matthieu Milot, David
Cruz

Final Design, Manufacturing and Testing of the Clean Sky 2 Distributed Electric Propulsion Scaled
Flight Demonstrator DO8 DEP-SFD.........ccooiiiiiiiiii e 336
Carsten Doll, Maurice Hoogreef, Pierluigi lannelli, Henk Jentink, Daniel Kierbel

GTE PERFORMANCE

A Performance Model for High-BPR Turbofan Engines...........ccocevvvviiiiiniiiiiii s 348
Wesley K. Lord

An Approach to Evaluating the Impact of Small-Core Turbofan Technologies on Engine and
F N 6 0 S0 107304 037 SR 373
Michael Bennett, Jeffirves W. Chapman, Douglas P. Wells

Design of a Modular Afterburner System for the JetCat P300-PRO Microturbing ............ccocvvveveniiiinnnncnnnn 390
Donovan F. Shea, Steffan Nunes, Emile Bendeck, Dylan Nagowski, Roydon G. Fernandes,
Mark A. Ricklick

A Machine Learning-Based Approach for Predicting and Optimizing the Performance of SR-30
Small Scale Gas Turbine ENGINE .........c.coiiiiiiiiiiiieiii e sne 404
Sowmya Raghu, Jamil Khan

Experimental and Analytical Analysis of a JetCat P300-PRO Microturbine Engine ............cccocovvivvrivnneenennnn, 433
Roydon G. Fernandes, Steffan Nunes, John T. Parsells, Mark A. Ricklick

MHz-Rate Laser Spectroscopic Instrument for Reacting Flow Composition and Temperature

Measurements N GaS TUIDINES. ........eiiiiiuiiiiiiie ettt e et e e e et e e e e tae e e e eat e e e s entaeeeeaeeeeennes 443
Andrew M. DeRusha, Nishan Khanal , Marc B. Etienne, Robert Greene, Justin J. Urso,
Subith Vasu



GTE SYSTEMS AND MANUFACTURING

Towards Fully Resolved Aero-Engine Bearing Chamber Simulations and an Assessment of Delayed
Detached Eddy STMUIATION ......coivieiiiiiiieiie ettt sn e r e sreenr e e nneennas 449
Richard J. Jefferson-Loveday, Stephen Ambrose

Conceptualizing a Pre-Assembled Additively Manufactured Gas Turbine Engine: Technological

FRASTDIIILY ...ttt bbb h R R R R Rt e r e n e r s 462
Michael Palman, Yohai Abraham, Anton Agapovichev, Ahmet Yildrim, Sercan Acarer, Tom
Verstraete, Bayindir H. Saracoglu, Beni Cukurel

The Effects of Chemistry and Particle Size on Erosion of Deposits in Gas Turbine Cooling Circuits............. 482
Noah P. Subasic, Jeffrey P. Bons

TURBOMACHINERY

Numerical Investigation of Turbine Blade Squealer Tips with Ribs Parallel to the Camber Line.................... 496
Jonathon Laird, Muhammad AR Sharif

Disk-Shaped Machinery in Past and Modern Industrial Applications...........c.cecveviiiiiiiininniinec 510
Pejman Akbari, Dapeng Hu, Yiming Zhao

Machine-Learning Models for Loss and Deviation Angle of Compressor Cascades ...........cocvevvererinerenene. 526
Andrew T. Nichols, Feng Liu

Aerodynamic Performance and Turbulent Jet Flow Characteristics of Ducted Rotors with
Rectangular, Tapered, and Elliptical Blades ..........cccooviiiiiiiieiiiesesee e 542
Victor Maldonado, Guilherme Fernandes, Harrison Childre, David Gould

Design Optimization of Multi-Stage Axial-Flow Compressor Using Machine Learning Models.................... 554
Xiawen Zhang, Andrew T. Nichols, Chuhua Zhang, Feng Liu

CLEAN AVIATION SPECIAL SESSION: FUTURE PROPULSION SYSTEMS &
INTEGRATION

Optimization of Large-Scale Aeroengine Parts Produced by Additive Manufacturing...........cccccceevvncrnnnnne. 566
Dirk Herzog, Maria 1. Maiwald, Ashish Sharma, Nick Markovic, Philipp Manger, Ailsa
McGugan, Andy Harris, Wieland Uffrecht, Markus Lingner, Malte Becker, Ingomar Kelbassa

Noise Reduction with an Optimized Scarfed Nozzle COncept ..........cocvviviiiiiiiieiiiiise e 572
Amandine Menasria, Stéphane Lemaire, Christoph Richter

GTE FUEL SYSTEMS

Internal Geometry Effects on Pressure-Swirl Atomizer Spray Behavior...........ccccceoviiiiiiiiiiciciene e, 588
Chi Young Moon, Ashwini Karmarkar, Alan Kastengren, Christopher F. Powell, Brandon
Sforzo, Angela Kimber

Multi-Component Evaporation of Sustainable Aviation Fuel Droplets ...........ccocoveviiininiiiiiiccc 601
Jordi Poblador Ibanez, Lorenzo Nocivelli, Debolina Dasgupta



Evaporation Modeling of Multiple Liquid Jets in Crossflow Used in Gas Turbine Injector

DTS (0] 000 1S] 1 LA P TR PRSI 624
Homayoon Feiz, Hasan Karim, Mark Mitchell, Jinkwan Song, Dominik Kubicki, Vivek Kumar,
Sourabh Shrivastava, Pravin M. Nakod, Markus Lambert, Jong Guen Lee

DNS of Flame Stabilization Dynamics of a Swirl-Stabilized Spray Burner Using Sustainable
AVIALION FUECLS. ... tteieiie ittt s bttt s e et e st e b e e s be e s teenteameeaseeebeenbeenbeesbeareesreenbeeneeeneas 645
Bruno S. Soriano, Landon Owen, Lucas Esclapez, Jacqueline Chen

Analysis of X-Ray Phase Contrast Images to Study Fuel Sprays for Gas Turbine Engine

PN o] o) Loz X3 o) s PP PSR 653
Ashwini Karmarkar, Chi Young Moon, Alan Kastengren, Christopher F. Powell, Brandon
Sforzo, Angela Kimber

GTE HEAT TRANSFER AND THERMAL MANAGEMENT I

Measurement of Internal Temperatures in Engine-Scale Gas Turbine Blade with Fiber Optic
SEIISOTS ...ttt sttt bbb bbb b s b e e e e e b e e b e e bbb E bbb R R R e R e a e e bbb 666
Emily K. Berexa, Ben Coulton, Julian A. Fells, Peter T. Ireland

Changes in the Composition of Aircraft Lubricants Undergoing Thermal Breakdown.............cccooervenvnnnnnnnn. 681
Raquel Juarez, Eric L. Petersen

Assessment of Coupling One-Dimension and Three-Dimension CFD in Conjugate Heat Transfer
Modeling and Simulations for Cooling of Turbine Engine ..........cccccoceviiiiiiiiiiiiiiiiscse 695
Changju T. Wey, Jeffrey Moder

Numerical Simulation of the Fogging System Location and Geometry on the Characteristics of

Inlet Ar t0 @ GAS TUIDINE ....eovviiiieiie ittt ettt et este et e et e e st e eseesaeesbeebeenbeenbeereesreesreenbeeneeaneas 706
Mohammad Aref Babaei, Masoud Darbandi, Gerry Schneider

GTE HEAT TRANSFER AND THERMAL MANAGEMENT I1

Innovative Design of Waste Heat Recovery Heat EXChangers ..........cccocvvviiiiiiiciiiii e 718
Ladislav Vesely, Jayanta Kapat, Cleverson Bringhenti, Guilherme B. Ribeiro, Jesuino T.
Tomita

Optimized Design of Primary Heat Exchanger for Jet Engine Waste Heat Recovery System ..........cccccceveenee. 728

Claire-Phonie Bury, Mike Stoia, Ladislav Vesely, Jayanta Kapat

Advanced Thermal Performance of Broken V-Shaped Ribs for Gas Turbine Blade Internal Cooling
at High Reynolds NUMDETS ........ciiiiiiiiiii et nr e nne s 741
Naimish Pandya, Srinath V. Ekkad

CLEAN AVIATION SPECTAL SESSION: FAST ROTORCRAFT

Next Generation Civil Tiltrotor Technology Demonstrator Program: Towards Flight Test..............ccccoevninee. 753
Massimo Biggi, Pierre Abdel Nour, Giorgio Vicenzotti

T-WING: The Italian Wing for the Next Generation Civil TiltrotOr........ccccvicviiiiiiiiiereeeee e 769
Marika Belardo, Aniello Menichino, Gianluca Diodati, Antonio Chiariello, Jacopo Beretta,
Pierpaolo Ariola, Pasquale Vitale, Filomena Starace, Salvatore D. Orlando, Vittorio
Giacalone, Domenico Alberotanza, Pasquale Villano, Federica Dell’Anno, Claudio Pezzella,
Luigi Di Palma

Author Index





