
Proceedings of ASME Turbo 
Expo 2024: Turbomachinery 

Technical Conference and 
Exposition 

T H E  A M E R I C A N  S O C I E T Y  O F  M E C H A N I C A L  E N G I N E E R S 

 June 24-28, 2024 
London, United Kingdom

 
International Gas 
Turbine Institute

GT 4  

Volume 2

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/G

T/proceedings-pdf/G
T2024/87936/V002T00A001/7368443/v002t00a001-gt2024-fm

2.pdf by C
urran Associates Inc user on 10 Septem

ber 2024

https://crossmark.crossref.org/dialog/?doi=10.1115/OMAE2023-FM1&domain=pdf&date_stamp=2023-09-22
KibortA
Underline

https://crossmark.crossref.org/dialog/?doi=10.1115/GT2024-FM2&domain=pdf&date_stamp=2024-08-28


© 2024, The American Society of Mechanical Engineers, 150 Clove Road, Little Falls, NJ 07424, USA  
(www.asme.org)

All rights reserved.  “ASME” and the above ASME symbols are registered trademarks of the American Society of Mechanical 
Engineers.  No part of this document may be copied, modified, distributed, published, displayed, or otherwise reproduced in any 
form or by any means, electronic, digital, or mechanical, now known or hereafter invented, without the express written 
permission of ASME.  No works derived from this document or any content therein may be created without the express written 
permission of ASME.  Using this document or any content therein to train, create, or improve any artificial intelligence and/or 
machine learning platform, system, application, model, or algorithm is strictly prohibited.

INFORMATION CONTAINED IN THIS WORK HAS BEEN OBTAINED BY THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS FROM SOURCES BELIEVED TO BE RELIABLE. HOWEVER, NEITHER ASME NOR ITS 
AUTHORS OR EDITORS GUARANTEE THE ACCURACY OR COMPLETENESS OF ANY INFORMATION PUBLISHED 
IN THIS WORK. NEITHER ASME NOR ITS AUTHORS AND EDITORS SHALL BE RESPONSIBLE FOR ANY ERRORS, 
OMISSIONS, OR DAMAGES ARISING OUT OF THE USE OF THIS INFORMATION. THE WORK IS PUBLISHED WITH 
THE UNDERSTANDING THAT ASME AND ITS AUTHORS AND EDITORS ARE SUPPLYING INFORMATION BUT 
ARE NOT ATTEMPTING TO RENDER ENGINEERING OR OTHER PROFESSIONAL SERVICES. IF SUCH 
ENGINEERING OR PROFESSIONAL SERVICES ARE REQUIRED, THE ASSISTANCE OF AN APPROPRIATE 
PROFESSIONAL SHOULD BE SOUGHT.

ASME shall not be responsible for statements or opinions advanced in papers or . . . printed in its publications (B7.1.3). 
Statement from the Bylaws.

For authorization to photocopy material for internal or personal use under those circumstances not falling within the fair use 
provisions of the Copyright Act, contact the Copyright Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923, 
tel:978-750-8400, www.copyright.com.

Requests for special permission or bulk reproduction should be addressed to the ASME Publishing Department, or 
submitted online at: https://www.asme.org/publications-submissions/journals/information-for-authors/journalguidelines/rights-
and-permissions

ISBN:   978-0-7918-8793-6



TABLE OF CONTENTS 

 

Cluster Analysis of Acoustic Emission Signals From SiC/SiC CMCs Including the Introduction of 

Waveguides and the Effect of Material Changes Under Thermal Exposure ......................................................... 1 

Zak Quiney, Louise Gale, Steven Pattison, Gonzalo Garcia-Luna, Christopher Newton, 

Martin Bache, Spencer Jeffs 

A Dynamic Testing Approach for Particulate Erosion-Corrosion for Gas Turbine Coatings ............................. 10 

Jamesa L. Stokes, Michael J. Presby 

Effects of CMAS Application on the Isothermal and Gradient Thermal Cycling Behavior of a 

Yb2Si2O7 EBC .................................................................................................................................................. 21 

Michael J. Presby, Jamesa L. Stokes, Bryan J. Harder, John A. Setlock, Jeffrey R. Hammel 

Development of High-Temperature, Interlaminar Tension (ILT) Test Methodology for Ceramic 

Matrix Composites (CMCs) ............................................................................................................................... 29 

Jacob T. Mattison, David C. Faucett, Sung R. Choi 

Expanding the Capability of a Legacy Combustion Flametube to Test High Temperature Engine 

Materials in Relevant Environments .................................................................................................................. 40 

Bryan J. Harder, Carl W. Liebfried, Thomas R. Luginbuhl, Andrew D. Smith, Amy R. Stalker, 

Michael J. Presby 

Development of 1400 degrees C (2552 degrees F) Class Ceramic Matrix Composite Turbine 

Shroud and Demonstration Test With JAXA F7 Aircraft Engine ....................................................................... 48 

Fumiaki Watanabe, Shohei Yamanaka, Toshihito Noguchi, Hiroto Hirano, Hayao Sato, 

Mitsumasa Makida, Masahiro Hojo 

Foreign Object Damage of Environmental Barrier Coatings Subjected to CMAS Attack ................................. 58 

Leland Hoffman, Jamesa L. Stokes, John Setlock 

Understanding EBC Lifetimes and Performance for Industrial Gas Turbines .................................................... 68 

Mackenzie J. Ridley, Michael J. Lance, Trevor G. Aguirre, Kenneth A. Kane, Bruce A. Pint 

Comprehensive Understanding of TGO Morphology Effect on the Thermal Barrier Coatings 

Failure Under Free Edges ................................................................................................................................... 74 

Da Qiao, Wu Zeng 

Influence of SiC Fiber Dispersion on the Mechanical Strength of SiCf/SiC Composites .................................. 89 

Soo-Hyun Kim, Seyoung Kim, In-Sub Han, Hyung-Joon Bang, Young-Hoon Seong, Seulhee 

Lee 

Design and Manufacture of EBC Coated SiC/SiC Nozzle Guide Vanes for High-Pressure Turbines ................ 94 

Fabia Suss, Robin Schoffler, Lion Friedrich, Anna Petersen, Felix Vogel, Martin Friess, 

Andrea Ebach-Stahl 

An Integrated Neural Network and Finite Element Method for Defect Characterization and 

Strength Prediction of Unidirectional Composites ........................................................................................... 108 

Bo Zhang, Changqi Liu, Duoqi Shi, Xiaoguang Yang 

Development and Characterization of EB-PVD Thermal Barrier Coatings With Different Ceramic 

Materials for Turbine Blades ............................................................................................................................. 119 

Hanifi Eray Korkmaz, Gokhan Guven, Alican Dikbiyik, Guven Yucesan, Kursat Kazmanli 



Vibration and Acoustic Emission Assessment of a SiCf/SiC Ceramic Matrix Composite With 

Damage ............................................................................................................................................................. 126 

Spencer P. Jeffs, Jordan Stephen, Zak Quiney, Gonzalo Garcia Luna 

In-Situ and Ex-Situ Measurement of Stresses in Environmental Barrier Coatings .......................................... 133 

Hans Hudyncia, Jun Shi, Weizhou Li, Xiaodong Li 

Potential of Pressure Slip Casted All-Oxide CMC Elements for Use in Gas Turbine Systems ........................ 141 

Fabian Jung, Johannes Gotte, Yiou Liu, Timo Markus, Thomas Gries 

Systems-Based Approach to Predicting TBC Delamination due to CMAS Infiltration ................................... 148 

Matei Teglas, Nicholas Bojdo, Jacob Elms, Alison Pawley, Stephen Covey-Crump, Merren 

Jones 

Cracking Behavior of Environmental Barrier Coatings/CMC System Using Acoustic Emission and 

Digital Image Correlation ................................................................................................................................. 162 

Ragavendra Prasad Panakarajupally, Gregory N. Morscher, Jun Shi 

Utilisation of Evaporated Ethanol in Natural Gas Fired Lean-Premix Combustors of Power 

Generation Gas Turbines .................................................................................................................................. 171 

David Abbott, Tijn van Eil, Sikke Klein, Catherine Goy 

Partially Cracked Ammonia Mixture Combustion in Gas Turbine Combustors ............................................... 185 

Sreenath Gupta, Timothy Weathers, Tristan Shahin, Rohan Gejji, Shashikant Aithal, Ashvin 

Hosangadi 

Development of Hydrogen and Micromix Combustor for Small and Medium Size Gas Turbine of 

Kawasaki .......................................................................................................................................................... 195 

Shigeki Aoki, Takahiro Uto, Nobuaki Takahashi, Kunio Okada, Daniel Kroniger, Hiromu 

Kamiya, Masato Yamaguchi, Yuki Ishimura, Manfred Wirsum, Harald H.-W. Funke, Karsten 

Kusterer 

On the Combustion of Terpenes Biofuels and Pollutants Characterization Through High-Resolution 

Mass Spectrometry ........................................................................................................................................... 204 

Philippe Dagaut, Zahraa Dbouk, Roland Benoit 

Green Methanol Demonstrated as an Alternative Fuel to Decarbonise Gas Turbines ...................................... 212 

Tyler Clifford, Charlie Booth, Michel Houde, Regis Fowler, Cameron MacLean, Madhubanti 

Basu, Benjamin Witzel, Ghenadie Bulat 

Further Studies in Hydrogen Micromix Combustor Technologies for Aircraft Applications ........................... 222 

Ainslie French, Giuseppe Mingione, Antonio Schettino, Luigi Cutrone, Pietro Roncioni, Pier 

Luigi Vitagliano 

A Carbon Footprint Comparison Through LCA of Forging vs. Wire Arc Additive Manufacturing 

(WAAM) Processes for the Internal Casing of a Gas Turbine .......................................................................... 236 

Rachele Orlandi, Martina Pucciarelli, Giacomo Ragni, Angela Serra, Francesco Fantozzi 

Innovative H2-O2 Burner Utilizing Water-Cooled Combustion for Superheated Steam Generation ............... 249 

Dennis Sanders, Lars Eichhorn, Niklas Siwczak, Roland Scharf, Friedrich Dinkelacker, 

Karsten Oehlert 

Design and Simulation Model of a Direct Supply Cryogenic LH2 Fuel Aircraft System for Airborne 

Applications...................................................................................................................................................... 258 

Fynn Thilker, Andreas Tramposch, Fabrice Giuliani 



Centrifugal Compressor Preliminary Design Optimization for a Hydrogen Pipeline Compression 

Station ............................................................................................................................................................... 269 

Samuel Jottrand, Patrick Hendrick 

Shear-Driven Hydrogen-Air Mixing in OP16 DLE Combustor: A Comparative Study Between 

URANS and LES .............................................................................................................................................. 278 

Teja Donepudi, Rene Pecnik, Jurriaan W. R. Peeters, Sikke Klein, Thijs Bouten, Lars-Uno 

Axelsson 

Emissions Comparison of 100% SAF With Bio-Aromatics and Conventional (Fossil) Jet Fuel ..................... 288 

Jean-Baptiste Jarin, Jean-Louis Champion-Reaud, Reetu Sallinen, Edgar Steenwinkel 

HYFLEXPOWER Project: Demonstration of an Industrial Power-to-H2-to-Power Advanced Plant 

Concept With Up to 100% H2 in an SGT-400 Gas Turbine ............................................................................. 299 

Nishant Parsania, Sebastian Hermeth, Benjamin Witzel, Ertan Yilmaz, Stephane Fourcade, 

Sami Garmadi, Harry Trump, Peter McCaig 

Development of a Toroidal Jet-Stirred Reactor for Lean Blowoff and Emissions Studies of 

Ammonia-Hydrogen Mixtures .......................................................................................................................... 311 

David Zamora, Marzuqa Ahmed, Guillermo Barrios Cadenas, Amanda Maia, Priyankar 

Garai, Shahzad Bobi, Ramees K. Rahman, Justin Urso, Subith S. Vasu 

Performance Modeling and Analysis of Hydrogen-Fueled Aero-Engines ........................................................ 321 

Xiting Wang, Ai He, Zhixiong Chen, Jincen Jiang, Yuan Liu, Zhongzhi Hu 

Flame Characteristics of a Piloted Single-Nozzle Hydrogen Lean Direct Injection (LDI) Burner .................. 332 

Rojhat Dere, Chinonso Ezenwajiaku, Ramanarayanan Balachandran, Midhat Talibi 

A Fitting Process for the Optimal Modelling of an Anion Exchange Membrane (AEM) Electrolyser ............ 342 

Francesca Mennilli, Lingkang Jin, Mose Rossi, Gabriele Comodi 

On the Design of a Scaled-Up Pulsed Methane Pyrolysis Reactor for Clean Hydrogen Production ............... 349 

Cosimo Bianchini, Riccardo Da Soghe, Davide Bertini, Donald Kendrick, Scott Gray, John 

Hinkey, Michael J. Aarnio, Roberto Meloni 

Large Eddy Simulation of Ammonia-Hydrogen Non-Premixed Flames Stabilized on a Bluff Body 

Burner ............................................................................................................................................................... 362 

Yu Xia, Ishan Verma, Sourabh Shrivastava, Pravin Nakod, David F. Fletcher, Bassam Dally 

Investigation of Viscor and Methanol Spray Dynamics Using Proper Orthogonal Decomposition in 

Siemens Energy Industrial Atomisers ............................................................................................................... 378 

Ali Alshahrani, Izwan Mohni, Adesile Ajisafe, Marc Furi, Michel Houde, Suresh Sadasivuni, 

Geoffrey Engelbrecht, Ghenadie Bulat, Midhat Talibi, Ramanarayanan Balachandran, 

Andrea Ducci 

A Gas Flow Network Model for Predicting Ring Dynamics and Leakage in Dry-Running Pistons 

Seals for High-Pressure Hydrogen Storage ...................................................................................................... 388 

Andrea Sassoli, Sandro Raspanti, Luca Romani, Alessio Capanni, Simone Bassani, Giovanni 

Ferrara, Francesco Balduzzi 

Gaseous and Particulate Emissions of an Allison 250-C20B Turboshaft Engine Running on HEFA-

SPK and its Jet A-1 Blends ............................................................................................................................... 399 

Alexander Rabl, Marius Rohkamp, Mohammad Reza Saraji-Bozorgzad, Christian Helcig, 

Reetu Sallinen, Jesse Vilja, Jan Bendl, Thomas Adam, Andreas Hupfer, Volker Gummer 

Wave Reformer Channel Shape Design for Enhanced Hydrogen Pyrolysis ..................................................... 412 

Ghislain Madiot, Stefan Tuchler, Pejman Akbari, Colin D. Copeland 



Experimental and Numerical Investigation of NH3/H2/N2 Combustion in a Premixed/Stratified 

Swirl Burner ..................................................................................................................................................... 425 

Jordan Davies, Luca Mazzotta, Daisuke Sato, Syed Mashruk, Daniel Pugh, Domenico 

Borello, Agustin Valera Medina 

Design for Sustainability of Gas Turbines: Accuracy on Carbon Footprint at Different Design Steps ............ 436 

Mose Al Freijat, Rachele Orlandi, Martina Pucciarelli, Giacomo Ragni, Angela Serra, 

Francesco Fantozzi 

LCA Modelling of Forged Components for Turbomachinery: Improved Approach Based on 

Production Data ................................................................................................................................................ 448 

Mose Al Freijat, Rachele Orlandi, Giacomo Ragni, Martina Pucciarelli, Angela Serra, 

Francesco Fantozzi 

Thermodynamic Optimization of Load-Following Operation in a Decarbonized Combined Cycle 

Power Plant Under Net-Zero Scenarios ............................................................................................................ 460 

Silvia Ravelli 

The Effect of Heterogeneous Natural Gas-Hydrogen Input Into F-Class Gas Turbine Combustor As 

a Combustion Optimization Method ................................................................................................................ 478 

Jungkeuk Park, Jugon Shin, Seik Park, Sanghyup Lee, Nakjeong Choi 

Characteristics of Premixed Ammonia/Methane/Air Blends As an Alternative Fuel in a Swirl-

Stabilized Gas Turbine Combustor Under Varying Pilot Percentage................................................................ 489 

Meghna Das Chaudhury, Abinash Sahoo, Kaushik Nonavinakere Vinod, Wesley Fisher, 

Srinath V. Ekkad, Venkateswaran Naranaswamy, Tiegang Fang 

Methanol-Fired Allam Cycle: Combining Oxy-Fuel Power Cycles With Synthetic E-Fuels ........................... 506 

Giovanni Manente, Ahtasham Rahim, Antonio Ficarella 

Operation of the Atmospheric Biomass-Fired Topcycle - BTC - "Fuel to Flame" Test Rig ............................. 518 

Jan-Peter Hannappel, Felix Guthe, Reddy Panduranga Alemela, David Saldarriaga, Gustaf 

Borg, Martin Jofs, Michael Bartlett 

Machine Learning Regression of Under-Expanded Hydrogen Jets .................................................................. 532 

Davide Cerbarano, Lorenzo Tieghi, Giovanni Delibra, Stefano Minotti, Alessandro Corsini 

Integrated Performance Assessment and Decarbonising Potential for Aircraft Retrofitted With 

Sustainable Aviation Fuels ................................................................................................................................ 546 

Pavlos Rompokos, Sarath Sasi, Christos Mourouzidis, Ioannis Roumeliotis, Vassilios 

Pachidis, Michelle Akure, Hannah Swindell 

Numerical Investigation on the Geometrical Scaling of Hydrogen Micromix Injectors .................................. 555 

Xiaoxiao Sun, Mohamed Morsy, Charith Wijesinghe, Gaurav Singh, Vishal Sethi, John 

Rimmer, Kenneth Young 

Multi-Objective Optimization and Chemical Reactor Network Modelling to Estimate the Minimum 

NOx and Ammonia Slip in an Aviation Combustor .......................................................................................... 564 

Shahzad Bobi, Priyankar Garai, Ramees K. Rahman, David Zamora, Marzuqa Ahmed, Subith 

S. Vasu 

Advancing AI Modeling for Prediction of Safety Parameters for Combustion of 

Hydrogen/Syngas/Natural Gas Mixtures .......................................................................................................... 579 

Roda Bounaceur, Pierre-Alexandre Glaude, Rene Fournet, Baptiste Sirjean, Pierre Montagne, 

Alexandre Auvray, Eric Impellizzeri, Pierre Biehler, Michel Moliere 



Ammonia and Ammonia/Hydrogen Mixtures Ignition Delay Times and Chemical Kinetic Model 

Validation at Gas Turbine Relevant Conditions ................................................................................................ 590 

Michael Pierro, Christopher W. Dennis, Alex-Abraham Pothen, Nikolas Hulliger, Tyler Kelly, 

Matthew Fraze, Justin J. Urso, Ramees K. Rahman, Cory Kinney, Mark Winquist, John Vega, 

Ganesan Subbaraman, Robert Steele, Subith S. Vasu 

Combustion Computational Fluid Dynamics Simulations of a Range of Experimental Lean 

Hydrogen/Natural Gas Blend Flames ............................................................................................................... 601 

Pierre Gauthier, Malika Zghal, Antoine Durocher, Patrizio Vena, Luming Fan, Benjamin 

Francolini, Jeffrey M. Bergthorson, Sean Yun 

A Large Eddy Simulation Study on Hydrogen Microjets in Hot Vitiated Crossflow ....................................... 610 

Mohsen Broumand, Sean Yun, Zekai Hong 

Investigation of Ammonia/Hydrogen Mixtures and Pilot-Split Strategies in a Laboratory-Scale 

Radial Swirl Combustor ................................................................................................................................... 622 

Raad Rizza, Midhat Talibi, Benjamin Cosway, Lucas Kenny, Jadeed Beita, Andrea Ducci, 

Suresh Sadasivuni, Ramanarayanan Balachandran 

Numerical Investigation of Lean Hydrogen-Air Flame Stabilization Regimes Using Large-Eddy 

Simulations ....................................................................................................................................................... 632 

Ishan Verma, Rakesh Yadav, Stefano Orsino, Sourabh Shrivastava, Yuxin Zhang, Vasudevarao 

K., Vijayaraj Sukumar 

The Effect of FELTMETAL(TM) Porous Transport Layer Structure on Performance of Anion 

Exchange Membrane Water Electrolyzers ........................................................................................................ 642 

Elaine Motyka, Erin Volpe, Stefan Roeseler, Ryan Plessinger, Tyler Noyes, Chenyu Li, Habin 

Park, Paul Kohl, William Mustain, Jonathan Kweder 

Transient Modeling of an Aero-Engine Using Ammonia As a Fuel Carrier ..................................................... 652 

Kangana Patel, Vipul Goyal, Brandon Cotto, Marcel Otto, Ladislav Vesely, Jayanta Kapat, 

Mingxuan Shi 

Comparative Life Cycle Assessment of Waste Coal and Biomass/Torrefied Biomass Co-Fired 

Power Plant With Carbon Capture and Storage Technologies .......................................................................... 663 

Surja Sarkar, Prakash Bhoi 

Experimental Investigation of a Physisorption-Based Hydrogen Storage System ........................................... 670 

Marcel Otto, Yakym Khlyapov, Erik Fernandez, Joshua Schmitt, Adam Swanger, Jayanta 

Kapat 

Author Index 

 




