
Proceedings of

ASME Turbo Expo 2021: Turbomachinery 
Technical Conference and Exposition

Volume 7

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

Tw o  P a r k  A v e n u e  *  N e w  Yo r k ,  N . Y.  1 0 0 1 6

Conference Sponsor
International Gas Turbine Institute

 June 7-11, 2021
Virtual, Online

https://crossmark.crossref.org/dialog/?doi=10.1115/GT2021-FM7&domain=pdf&date_stamp=2021-09-16


© 2021, The American Society of Mechanical Engineers, 2 Park Avenue, New York, NY 10016, USA  
(www.asme.org)

All rights reserved. Printed in the United States of America. Except as permitted under the United States Copyright Act of 1976, 
no part of this publication may be reproduced or distributed in any form or by any means, or stored in a database or retrieval 
system, without the prior written permission of the publisher.

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: 978-0-7918-8500-0



CONTENTS

Proceedings of ASME Turbo Expo 2021: Turbomachinery Technical Conference
and Exposition

Industrial and Cogeneration

GT2021-01559 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
On the Design of an ORC Axial Turbine Based Expander Working As a Mechanical Driver in Gas 
Compressor Stations

Lisa Branchini, Cesar Celis, Sebastian Ruiz, Rene Aguilar, Andrea De Pascale, and Francesco 
Melino

V007T16A001

GT2021-58560  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Evaluation of Performance Gain by Interstage Injection in a Four-Stage Axial Compressor
Tobias Doerr, Sebastian Schuster, and Dieter Brillert

V007T16A002

GT2021-58718  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Impact on Cycle Efficiency of Small Combined Heat and Power Plants From Increasing Firing 
Temperature Enabled by Additive Manufacturing of Turbine Blades and Vanes

Selcuk Can Uysal, Douglas Straub, and James B. Black

V007T16A003

GT2021-59180  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

A Comparison Between ORC and Supercritical CO2 Bottoming Cycles For Energy Recovery  
From Industrial Gas Turbines Exhaust Gas

M. A. Ancona, M. Bianchi, L. Branchini, A. De Pascale, F. Melino, A. Peretto, and N. Torricelli

V007T16A004

GT2021-59218  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Optimal Design of Renewable Hydrogen Production for Gas Turbine Test Facilities
M. A. Ancona, M. Bianchi, L. Branchini, A. De Pascale, F. Ferrari, F. Melino, and A. Peretto

V007T16A005

GT2021-59778  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Associated Gas Utilization Using a Reheat Gas Turbine – Part 1: The Impact of Engine Degradation 
on the Optimized Power, Energy, and Revenue From Sold Electricity

Mafel Obhuo, Duabari S. Aziaka, Dodeye I. Igbong, and Ibirabo M. Obhuo

V007T16A006

GT2021-60264  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Unlocking the Green Economy for Aeroderivative Gas Turbines
Nicholas C. Corbett, Michel Houde, Kathleen Bohan, and Simon Batt

V007T16A007

GT2021-60317  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

The Development of Turboexpander-Generators for Gas Pressure Letdown Part II: Economic Analysis
Jeremy Liu, Rasish Khatri, Freddie Sarhan, and Eric Blumber

V007T16A008

Manufacturing Materials and Metallurgy

GT2021-58709  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Express Wire Coil Cladding (EW2C) As an Advanced Technology To Accelerate Additive 
Manufacturing and Coating

Marius Gipperich, Jan Riepe, Robin Day, and Thomas Bergs

V007T17A001

GT2021-58786  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Microstructure of IN738LC Fabricated Using Laser Powder Bed Fusion Additive Manufacturing
Nandana Menon, Tanjheel Hassan Mahdi, and Amrita Basak

V007T17A002

GT2021-58796  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

3D Printing of Ceramic Shell Molds for Precision Casting of Turbine Blades
Liubov Magerramova, Boris Kozlov, and Eugene Kratt

V007T17A003

GT2021-58844  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Performance Testing of L-PBF Produced Honeycombs Out of IN625
Timo Heitmann, Ole Geisen, Lisa Hühn, Oliver Munz, and Andreas Bardenhagen

V007T17A004



GT2021-58851  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Weldability and Properties of Newly Developed LW4280 High Gamma Prime Nickel Based 
Superalloy for 3D AM and Repair of Turbine Engine Components

Alexandre B. Gontcharov, Paul Lowden, Ashutosh Jena, Sunyong Kwon, and Mathieu Brochu

V007T17A005

GT2021-59042  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

GT26 2006 Turbine Stage 1 Blade Reconditioning Development and Qualification at Ansaldo  
Repair Centre

Elisa Mela, Federico Fignino, Alessio Gabrielli, Paola Guarnone, Emanuele Porro, Rudolf Kellerer, 
and Matthias Staempfli

V007T17A006

GT2021-59172  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Influence of the Tool Wear on the Quality and Service Life of Gears for the Geared Turbofan 
Technology Machined by Five-Axis Milling

Thomas Lakner, Christoph Zachert, René Greschert, Daniel Schraknepper, and Thomas Bergs

V007T17A007

GT2021-59266  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Tolerance-Based Optimization of Sinking EDM for Industrial Seal Slot Manufacture
Timm Petersen, Markus Zeis, and Thomas Bergs

V007T17A008

GT2021-59479  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

A Cradle to Gate Approach for Life-Cycle-Assessment of Blisk Manufacturing
Kilian Fricke, Sascha Gierlings, Philipp Ganser, Martin Seimann, and Thomas Bergs

V007T17A009

GT2021-59480  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Establishing an Acceptance Criteria for Assessing Fatigue of Additive Repair Processes
Onome Scott-Emuakpor, Luke Sheridan, Joseph Beck, Brian Runyon, and Tommy George

V007T17A010

GT2021-59482  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Electrochemical Defect Analysis (EC-D) of Additive Manufactured Components
Florian Sous, Tim Herrig, Thomas Bergs, Florian Karges, Nicole Feiling, and Markus Zeis

V007T17A011

GT2021-59562  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Knowledge-Based Adaptation of Product and Process Design in Blisk Manufacturing
Philipp Ganser, Markus Landwehr, Sven Schiller, Christopher Vahl, Sebastian Mayer,  
and Thomas Bergs

V007T17A012

GT2021-59619  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Comparative Low-Cycle Fatigue Behavior of HAYNES 244 Alloy and Waspaloy
Michael G. Fahrmann

V007T17A013

GT2021-59652  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Manufacturing Technologies for Fir Tree Slots: A Technological and Economic Evaluation
Lukas Heidemanns, Tobias Seelbach, Ugur Küpper, Martin Seimann, and Thomas Bergs

V007T17A014

GT2021-59755  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Dependence of LPBF Surface Roughness on Laser Incidence Angle and Component Build 
Orientation

Ramesh Subramanian, David Rule, and Onur Nazik

V007T17A015

GT2021-59765  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Developing an Implicit Creep Model From Open Literature Data
William David Day

V007T17A016

GT2021-59977  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Multi-Parameter Optimization to Improve the Erosion Resistance of Coating by FE Simulation
Fang Li, Shunsen Wang, Liuxi Cai, and Zhenping Feng

V007T17A017

GT2021-60028  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Testing and Acceptance of Semi-Machined Turbine Rotor Forging Elements
Steve Ingistov and Douglas Nagy

V007T17A018

GT2021-60113� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Recent Developments in Hot Isostatic Pressing (HIP) of Components for Turbomachinery 
Applications

Chad Beamer

V007T17A019



GT2021-60200  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Experimental Investigation of the Effects of High Temperature Treatment on Quasi-Static Mechanical 
Characteristics of EMWM Materials

Yanhong Ma, Tianyu Liang, and Jie Hong

V007T17A020

GT2021-60316  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Computed Tomography Wall Thickness Inspection to Support Gas Turbine Blade Life Extension
Scott Hastie, Anthony Chan, Kevin Wiens, Doug Nagy, Robert Tollett, and Paul Lowden

V007T17A021

GT2021-60347  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Accelerated Creep Test (ACT) Qualification of Creep-Resistance Using the WCS Constitutive Model 
and Stepped Isostress Method (SSM)

Jaime A. Cano and Calvin M. Stewart

V007T17A022




