{ Contents )

Preface 2014 Xvii Aircraft Applications—Propulsion
Preface 2008 Xix Requirements 31
Introduction, 2nd Edition Xxi Shaft-Powered Aircraft—Turboprops
Introduction, 1st Edition xxiii and Turboshafts 33
Acronyms XXV Thrust Propelled Aircraft—Turbofans,
Notes to the Reader XXix Turbojets, and Ramjets 35
About the Author XXXi Auxiliary Power Units (APUs) 39
1. Gas Turbines: An Introduction 2. Historical Development of the Gas
and Applications Turbine
Gas Turbines on Land 1 Early History of the Gas Turbines 41
Direct Drive and Mechanical Drive 2 Land-Based Gas Turbine Development
Applications Versatility with Perspective 41
Land-Based Gas Turbines 5 Aircraft Engine Development: A US
Aeroengine Gas Turbines 6 Perspective : 42
Relationships between Pressure, Principles of Jet Propulsion 44
Volume, and Temperature 6 Methods of Jet Propulsion 45
Changes in Velocity and Pressure 6 The Gas Turbine Global Fleet: Model
Airflow 7 Designation and Production Prognosis as
Gas Turbines at Sea 10 of 2013—-2922 . . 49
Gas Turbines: Details of Individual Appendix 2A-1: Gas Turbine Engines
Applications 10 Powering Aircraft: Aircraft Engine
Major Classes of Power Generation Production 49
Application 11 Appendix 2A-2: Electrical Generation/
Grid System 12 Mechanical Drive/Marine Power Turbine
Standby Generators 12 Engines- _ ' 55
Major Shaft Power Producing Appendix 2A-3: APU Engine Production 56
Systems 13 Appendix 2A-4: Missile/Drone/RPV
Small-Scale Combined Heat and Engine Production 56
Power—CHP 14 Appendix 2A-5: Microturbines for
Large-Scale CHP 15 Electrical Generation 56
Applications that Supply Solely Gas Turbine Global Fleet: Model Designation
to a Grid System 19 and Production as of May 2006 56
Closed Cycles 20 Appendix 2B-1: Gas Turbine Engines
Industrial Mechanical Drive Applications 22 Powering Aircraft . 56
The Gas and Oil Pipeline System 22 Appendix 2B-2: Gas Turbines for
Engine Requirements 22 Electrical Generation, Mechanical Drive,
Automotive Applications 22 and Marine Power 77
Marine Applications 24 Appendix 2B-3: Gas Turbines for
CODAG, CODOG, COGAG, and APU/GI?U Units . ' 84
CODLAG Propulsion Systems 27 Appendix 2B-4: Gas Turbines Powering
Hovercraft 27 Missiles/Drones/RPV/UAV 88

vii



Appendix 2B-5: Gas Turbines Powering

On-Land/Surface Vehicles

Appendix 2B-6: Gas Turbines Powering
Microturbines for Electrical Generation

92

92

3. Gas Turbine Configurations and Heat

Cycles

Gas Turbine Configurations

Turbojet with Afterburner and
Convergent-Divergent Nozzle
Separate Jets Turbofan

Mixed Turbofan with Afterburner

Ramjet

Simple-Cycle Single-Spool Shaft-Power

Engine

Simple-Cycle Free-Power Turbine Engine
Gas Generator
Recuperated Engine
Intercooled Shaft-Power Engine
Intercooled Recuperator Shaft-Power
Engine
Closed Cycle
Combined Cycle
Combined Heat and Power
Aeroderivative and Heavyweight Gas
Turbines
Gas Turbine Cycles: Summarized Theory
and Economics
Power Generation Gas Turbine, Simple
and Combined Cycles
Combined Cycles and Other GT Cycle
Modifications
Cycle Modifications
Combined Cycles
STAG CC
CC with Multipressure Steam
Combined-Cycle Economics
Combined-Cycle Module Flexibility
Steam-Only (Coal-Fired) Power
Plants
OEM Modular Strategy
Fuels for Combined Cycles
Factors that Affect Costs per Fired
Hour
Trends in Global Combined-Cycle
Installations
Trends in the Power Generation
Market
Technology, Performance,
Environment, and Demand Trends

94

96
96
96
96

96
96
96
97
98

98
98
98
98

99
101
101
104
104
106
106
106
108
109
111
111
113
114
114
116

117

Contents

Case Study 1: An End-User/EPC
Contractor’s Experience with Some of the
OEMs’ Latest Gas Turbine Models in

Power Generation Service 119
Low Load Flexibility 124
Case Study 2: An OEM’s Development
of a Gas Turbine The SGT6-5000F
(Formerly Known as W501F) Engine 125
Market Drivers for Low Load
Operational Flexibility 126
Design and Implementation 126
Results 127
Validation and Field-Follow 127
Case Study 3: Operational Experience
with Large Advanced Gas Turbines
in Variable Load Conditions 129
Refinery Case 130
Captive Power Plant Concept 130
Key CPP Design Criteria 131
Cycle Selection 131
Power Demand 131
Steam Demand 131
Reliability and Redundancy 132
Fuel System Design 132
Auxiliary Equipment Design
Considerations 133
Off-Design Case Operation 133
Unique Control Systems 133
Transient Behavior 133
Cogeneration Case 133
Supplementary Firing 134
Low-Pressure Turbine Sizing 134
Reliability and Availability 134
Plant Configuration 134
Aluminum Smelter Case 134
N-2 Criteria 134
Load Variations 135
Equipment Selection Criteria 135
Appendix 3A: Steam Turbine Power
Plant Theory Applicable to Combined
Cycle and ‘Solo’ (as Competition to Gas
Turbine Cycle) Operation 136
Rankine Cycle 136
Reheaters 136
Regeneration 137
Feedwater Heating 139
Efficiency and Heat Rate of Power
Plants 139
Cogeneration 139
Types of Cogeneration 139
Steam Turbine Basic Components
and Main Systems 139



Contents

Single-Cylinder Reheat Turbines
Steam Turbine Control Systems
Lubrication System
Steam Turbine Governing System
Steam Turbine Operation
Turbine Trip (o/s)
Supercritical Systems: Targeting
700+°C Steam Temperature
Case Study 3A-1: Advanced Design
of Mitsubishi Large Steam Turbines
Ultra Supercritical Steam (USC ST)
Turbines
Case Study 3A-2: One OEM’s
Supercritical ST Product Range with
Specific Reference to the 800 MW
Trianel Power Project in Liinen
Turbine-Generator
US DOE Work on USC ST Materials
Alloys

4. Gas Turbine Major Components
and Modules

Economics Dictates Design
Gas Turbine Engine Modules

Rotor Support Structures
Fan Module Basics
Main Modules in a Gas Turbine
(Air, Land, or Sea Applications)
Compressors
Combustors
Low NOy Combustors
Legislative Trends
Case Study 1: Application
of a Dry Low Emmissions
(DLE) gas turbine fuel control
system (Model Designation
Trent)
Case Study 2: Dry Low
Emmissions (DLE) Combustor
System Application (Thyphon)
Dual DLE Burner
Commercial Operations Post
Retrofit
Case Study 3: Another DLE
Application (Former Model
Designation Tempest)
Case Study 4: DLE Applications
in Gas Turbines (30 MW to
180 MW)
Turbines
Energy Transfer from Gas Flow to
Turbine

150
152
153
155
156
159

162

165

166

168
169
170
170

173
177
177
180

188
188
197

210
213

214

217

218

219

224

228

233

236

Construction

Materials

Case Study 5: Development of
a 60cps “J” Technology Turbine
Case Study 6: Development and

Operation Experience of Mitsubishi

50 Hz Large-Frame (M701F) Gas
Turbines

Case Study 7: Development of
an “H” Technology Turbine

5. Cooling and Load Bearing
Systems

Internal Air System
Cooling
Turbine Cooling
Bearing Chamber Cooling
Accessory Cooling
Sealing
Labyrinth Seals
Ring Seals
Hydraulic Seals
Carbon Seals
Brush Seals
Hot Gas Ingestion
Control of Bearing Loads
Aircraft Services (for Aircraft
Engines)
Lubrication
Lubricating Systems
Pressure Relief Valve System
Full Flow System
Total Loss (Expendable) System
Oil System Components
Oil System Differences for Marine
Applications
Module-Mounted Components
Power Turbine (Mechanical Drive) Oil
System
Lubricating Oils
An Operator’s Perspective on Turbine Oil
Selection
Characteristics of Turbine Oil and
Applications
Steam Turbines
Gas Turbines
Aeroderivative Gas Turbines
Turbine Oil Procurement
Standard
Lube Oil System Flushing
Development Case study: Oil-Free
Bearings

237
239

242

245

249

256
256
256
258
259
260
260
260
260
260
260
260
261

262
262
262
262
263
264
264

272
272

273
273

274
274
274
275
275

275
276

276



GO

6. Inlets, Exhausts, and Noise

Suppression

Gas Turbine Inlet Air Filtration
Inlet Air Filters for the Tropical
Environment
Design Problems Experienced
Offshore Environment Original Design
Data
Initial Filter Designs
Actual Offshore Environment
Offshore Application Design
Problems Encountered
Case Study 1: A Test Case of Two- vs.
Three-Phase Filtration
A Comparison of Two- and Three-Stage
Filter Systems
Gas Turbine Exhausts
Exhaust Gas Flow
Construction and Materials
Gas Turbine Noise Suppression
Methods of Suppressing Noise
Construction and Materials
Nonaeroengine (Land-Based) Gas
Turbine Noise Suppression
Applications of Sound Intensity
Measurements to Gas Turbine
Engineering
Sound Fundamental Concepts
Sound Pressure, Sound Intensity,
and Sound Power
Reference Levels
The Relationship between Sound
Pressure Level and Sound Intensity
Level
Instrumentation
Guidelines and Standards in Sound
Intensity Measurements and
Measurement Technique
Some Advantages and Limitations in
Sound Intensity Measurements
Measuring Tonal Noise Sources
Case Study 2: The Use of Sound Intensity
Measurement
Case Study 3: Comparison of Noise on
Two Nominally Identical Production
Machines
Acoustic Design of Lightweight Gas
Turbine Enclosures

7. Gas Turbine Fuel Systems

and Fuels

Basic Gas Turbine Fuel System
Manual and Automatic Control
Fuel Control Systems

280

280
281

282
283
283
284
285
286
290
292
294
295
297
299
300
300
300
300
301

302

302

303

304
306

306

307

309

318
319
319

Contents
Electronic Engine Control 332
Low-Pressure Fuel System 333
Fuel Pumps 333
Fuel Heating 337
Effect of a Change of Fuel 337
Gas Turbine Fuels 338
Fuel and Fuel Oil Properties 339
Combustion Process, Fuel Properties,
and Gas Turbine Fuel Types 339
Database of Key Fuel Properties for
Performance Calculations 341
CP of Combustion Products 344
Synthesis Exchange Rates for Primary
Fuel Types 344
Oil Types and Database of Key
Properties 344
Formulae 344
Unconventional Fuels 345
Emerging Fuel Trends/New Fuel
Technologies 345
Economic Conditions that Affect Fuel
Strategy 346
Impacts on Design and Manufacturing
in Developing Countries 347
Upgrading Fossil-Fueled Power Plant 348
Physical Properties that Affect Fuel
Selection and System Design 349
Global Experience with IGCC 353
Liquid Fuels 353
Fuel Specifications 354
Mechanical System Functions 354
Operation and Maintenance Issues with
Residual and Other Heavy Fuels 354
Technology, Performance, and Design
Trends 356
OEM Design Requirements as They
Relate to Integrated Gasification
Combined-Cycle Plants 356
Fuel Treatment Hardware 360
Classical Heavy Fuel Oil (HFO) 361
Low-Grade Heavy Fuel Oil (HFO) 362
Fuel Treatment 362
Elements of the Fuel Treatment System
for Ash-Forming Fuels 363
Treatment of Light Crude Oil 373
Treatment of Residual Fuel 378
Case Study 1: A Residual “Bunker” Fuel
Case Study (Metro Manila, Limay Bataan
Combined Cycle) 380
Operating Experiences 382
Gas Turbine Operation 385
HRSG Operation 386
Plant Performance and Availability 388
Case Study 2: Autoignition Characteristics
of Gaseous Fuels at Representative Gas
Turbine Conditions 388



Contents

Measurements of Autoignition Delay
Time
Case Study 3: From Concept to
Commercial Operation—Tri-Fuel Injector
Used for LPG and Naphtha Applications
Design Objectives
System Overview
Tri-Fuel Injector Design
Operating Philosophy
Commercial LPG Operation
Naphtha Development Testing
Case Study 4: Multi-Fuel Concept of
the Siemens 3A-Gas Turbine Series
Liquid Multi-Fuel System
Gas Turbine Controller
Fuel Changeover
Case Study 5: Use of Blast Furnace Gas
to Fuel 300 MW CC Plant
Features of the Plant
Main Specifications of Major
Equipment
Measures against Low Ambient
Temperatures
Automatic Control System
Case Study 6: Biodiesel as an Alternative
Fuel in Siemens Dle Combustors -

Atmospheric and High Pressure Rig Testing

Siemens DLE Combustion System
Capability of the DLE System for Fuel
Flexibility

8. Accessory Systems

Accessory Drives

Gearboxes and Drives
Internal Gearbox
Radial Driveshaft
Direct Drive
Gear Train Drive
Intermediate Gearbox
External Gearbox
Aucxiliary Gearbox

Construction and Materials
Gears
Gearbox Sealing
Materials

Starting and Ignition Systems

Methods of Starting
Electric
Cartridge
Iso-Propyl-Nitrate
Air
Gas Turbine
Hydraulic
Ignition
Relighting

389

394
394
396
396
399
399
400

401
401
404
404

405
406

406

406
406

409
409

410

414
414
414
416
416
417
417
417
418
418
418
419
419
420
420
420
420
420
421
421
423
423
426

Ice Protection Systems
Hot Air System
Electrical System
Fire Protection Systems
Prevention of Engine Fire Ignition
External Cooling and Ventilation
Fire Detection
Fire Containment
Fire Extinguishing
Engine Overheat Detection
Water Injection Systems
Compressor Inlet Injection
Combustion Chamber Injection
Systems Unique to Aircraft Engine
Applications
Thrust Reversal
Principles of Operation
Clamshell Door System
Bucket Target System
Cold Stream Reverser System
Turbo-Propeller Reverse Pitch
System
Construction and Materials
Afterburning
Operation of Afterburning
Construction
Burners
Jet Pipe
Propelling Nozzle
Control System
Thrust Increase
Fuel Consumption
Vertical/Short Takeoff and Landing
Methods of Providing Powered Lift
Lift/Propulsion Engines
Lift Engines
Remote Lift Systems
Swiveling Engines
Bleed Air for STOL
Lift Thrust Augmentation
Special Engine Ratings
Lift Burning Systems
Aircraft Control
Reaction Controls
Differential Engine Throttling
Automatic Control Systems
Thrust Distribution
Distribution of the Thrust Forces

Method of Calculating the Thrust Forces

Calculating the Thrust of the Engine
Systems Unique to Land or Marine
Applications

Generators

Degrees of Protection and Methods
of Cooling
Configuration/Arrangement Forms

426
429
430
431
432
432
432
434
434
435
435
436
436

437
437
437
438
439
439

439
439
441
444
444
444
446
446
447
448
450
451
453
453
455
456
457
457
457
457
458
458
458
459
459
460
460
461
461

465
465

466
466



Excitation System
Accessories
Technical Data on Typical Available
Generators
Design Description
Cooling Systems
Brushless Excitation
Surface Treatment
Static Excitation
Inspection and Testing
Control and Protection
Operating Characteristics
Noise Reduction
Online Cleaning Systems
Methods of Cleaning Fouled Gas
Turbine Compressors
Advantages and Disadvantages of
Offline Compressor Washing
Typical Causes of Gas Turbine
Compressor Fouling
Advantages and Disadvantages
of Online Chemical Cleaning of
Compressor
Other Online Compressor Cleaning
Methods
Advantages and Disadvantages
of Abrasive Compressor Cleaning
Advantages and Disadvantages of
Cleaning Compressors with Plain
Water
Expansion Joints
Types of Expansion Joints
Unrestrained Assemblies
Externally Pressurized Expansion
Joints
Restrained Assemblies
Accessories for Special Service
Bellows Manufacture
Shipping
Shipping Bars
Installation Guidelines
Unrestrained Expansion Joints
Restrained Expansion Joints
Specific Applications

9. Controls, Instrumentation,

and Diagnostics (CID)

System Scope and Selection for Gas
Turbines

Which Parameters on What Applications
Basic Controls and Instrumentation
(C&I) on GT Systems

466
466

466
467
470
472
472
472
473
473
474
475
475

475

476

477

477

478

478

478
479
480
480

480
480
481
482
482
482
483
483
483
484

486
486

487

Contents

Principles and Functions of a Control
System
Components of a Control System
Aeroengine Control Systems
Civil Aircraft Engine Controls
Fuel Metering Unit (FMU)
Defense Applications
Helicopter Systems
Typical Aircraft Engine C&I System
Hardware
Main Control Functions
Basic Instrumentation Hardware
Synchronizing and Synchrophasing
Marine C&I Systems
Typical C&I System, Land-Based
(Power Generation)
Instrumentation
Transducers
Typical (Nonaeroengine) Controls
Significant Advances in Controls
Instrumentation and Diagnostics
Technology
Optical Pyrometry
Pyrometer System
Case Study 1: A Survey of New
Technologies Used by Siemens Energy
for the Monitoring and Diagnosis
of a Global Fleet of Power Generation
Systems
Fiber Optic Vibration Monitor
FOVM Sensor
Blade Vibration Monitoring System
Radio Frequency Monitor
Case Study 2: Pulsation Analysis:
New Techniques and Their Limitations
Prevention of Catastrophic Failures
Increased Reliability, Availability,
and Equipment Performance—User
Requirements
Development of the Monitoring
System
Installation of the Initial Systems
Case Study 3: Performance and C&I
System Verification with Modeling
WR-21 Engine Cycle
Rolls Royce’s Corporate Analysis
Method

10. Performance, Performance Testing,
and Performance Optimization

Performance
Performance Theory Summary

487
488
490
490
492
497
497

498
498
498
508
508

508
508
509
509

513
513
518

522
522
522
523
523

524

524

524

524
526

528
528

528

534
535



Contents

Performance Testing New Gas Turbine
Engines: Parameters and Calculations
Analysis/Calculations on the Effects
of Water as a Vapor, Liquid, or Solid
The Thermodynamics of Water

Case Study 1: The W501G Testing

and Validation in the Siemens Westinghouse

Advanced Turbine Systems Program
Performance Optimization Case
Histories and Discussion

Case Study 2: A Systems Approach to

Hot Section Component Life Management
Oxidation and Hot Corrosion
Microstructural Degradation
Mechanical Testing
Performance Engineering Approach

Case Study 3: Strategies for Integration of

Advanced Gas and Steam Turbines

in Power Generation Applications

Case Study 4: A Study on the Life Cycle

Impact of Steam Injection

Case Study 5: Augmentation of Gas

Turbine Power Output by Steam

Injection
Gas Turbine with Sequential
Combustion
Partial STIG Cycle

Case Study 6: Integrating Gas Turbines

in Power and Cogeneration Applications

Case Study 7: An Integrated Combined-

Cycle Plant Design that Provides Fast

Start Capability at Base-Load

Case Study 8: Challenges in the Design

of High Load Cycling Operation for

Combined-Cycle Power Plants

11. Gaseous Emissions and the
Environment

Gaseous Emissions

Effects of Emissions on Aircraft

Gas Turbine Engines
Emissions from Coal as a Fuel

Carbon Dioxide Sequestration
Post-Combustion Capture
Post-Combustion Chilled Ammonia
Pre-Combustion Capture IGCC
Oxy-Combustion
Post-Capture CO, Treatment
CO, Compression Issues
Other Methods of CO, Sequestration
Brief Description of Technologies

546

S71
581

586

593

594
594
594
594
597

598

605

608

609
611

619

624

627

645

639
641
642
644
644
645
645
645
645
646
646

Case Study 1: The Capture, Storage,
and Utilization of Carbon Dioxide
by Statoil

Climate Change

Statoil and Climate Policy

Research History in Brief

Awards

Options

Sleipner West Gas Field

Snghvit and In Salah Projects

Power Plants

Carbon Dioxide Utilization

Statoil Mongstad Fact Sheet: Carbon

Dioxide Capture and Storage Project
Appendix 11A

Emissions Legislation

12. Maintenance, Repair, and Overhaul

Operating and Maintenance Strategies
Reactive Strategy
Predictive Strategy
Preventive Strategy
Evolving Strategy in Land Versus
Air Versus Marine Applications
Maintenance
On-Wing Maintenance
Condition Monitoring
Maintenance Precautions
Troubleshooting
Maintenance Information Systems
Audits of and Retrofits with GT
Components and Systems
Aims of an Audit
Tasks
Audit Planning
General Audit Procedures
Changing Legislative Requirements
Retrofits Aimed at Operational
Optimization
Case Study 1: Brent Platform
Retrofits for Extended Life
Case Study 2: Flotta Terminal
Case Study 3: Forties Platform
Retrofits
Case Study 4: Al-Ain Flameout
Problems
Performance Analysis
Case Study 5: Extending TBOs of
Gas Turbines by Preventing Premature
Turbine Disc Failure in a GE Frame 5
(Old Model)

648
648
648
649
649
649
650
654
655
656

658
659
659

670
670
670
670

670
671
672
672
674
674
678

679
680
681
681
682
683

684

684
686

687

687
688

690



Case Study 6: Power Addition for GT
in Cogeneration Service Using Steam
Injection
Case Study 7: Glass Bead Peening
Case Study 8: First-Stage Turbine
Blades

Assessing Audit Findings
The Basics
Eliminate Obvious Problems
Fouled Gas Turbine Compressor
Risk and Weighting Factors Method
Questions to List Potential Factors and
Causes
What can be Learned for Future
Installations?
Overhaul/Repair Scope

Major Repair and Overhaul Case Studies
Case Study 9: Metallurgical Analysis
Used in Gas Turbine Maintenance
and Extending TBOs
Case Study 10: Evolution of IGT “F”
Class Repair Technology
Case Study 11: Liburdi Powder
Metallurgy, Applications for
Manufacture and Repair of Gas Turbine
Components
Case Study 12: Hot-Gas-Path Life
Extension Options for the V94.2 Gas
Turbine
Case Study 13: Assessing Performance
Degradation in Gas Turbines for Power
Applications
Case Study 14: Remaining Life
Assessment of Power Turbine Disks

13. Installation

Installation of Aircraft Engines
Power Plant Location
Air Intakes
Engine and Jet Pipe Mountings
Accessories
Cowlings
Civil Nacelles
Military Fuselage Intakes
Stealth Aircraft
Flying Test Beds
Energy, (Power Generation), and Marine
Installations
Externals and the Engine Build Unit
Installation of Land-Based and Marine
Engines

690
697

697
698
698
698
698
699

699

699
701
708

709

720

730

737

742

746

749
749
749
752
753
753
754
757
759
761

762
763

764

Contents
14. The Business of Gas Turbines
Contemporary Business Climate 767
Culture 769
Repair and Overhaul Shop Culture 769
End User or Operator Culture 771
Money Makes Attitudes 772
OEM (Manufacturer) Culture 772
The Ruggedness School 772
Market Entry Monopoly 773
Conglomerate and Joint Venture
Cultures 773
Educators and Training 774
Integration with Environmental
Technology Culture 774
Risk 775
Selection and Specification Process
for Gas Turbines and Gas Turbine
Systems 775
Risk Factors and Their Mitigation in
Gas Turbine Design and Operation 775
Manufacturers’ (OEMs’) Guarantees 776
Supply of New Machines 776
Effect of Design Factors 777
Life Cycle Assessment 777
Performance Assessment 778
“Shifting Target” Data during Project
Development, Negotiation, and New
Model Introduction 780
Risk in Negotiating IPP Projects 780
International Negotiation 781
Market Assessment Risk 781
Plant Siting 782
Design Development and Operational
Assessment by Both OEMs and End
Users 782
Case Study 1: Enhancing Reliability and
Reducing O&M Expenditures in Advanced
Combined Cycle Gas Turbine Power
Plants 782
Design Decisions Influencing Reliability 783
Case Study 2: How Close Is the Measured
Performance to the True Output and
Heat Rate? The Proof Is in the Testing! 787
ASME Performance Test Codes 787
Combined-Cycle Guaranteed Values 787
Test Significance 788
Measurement Uncertainty and Test
Tolerance 789
Correction Curves 789
Degradation Curves 789
Inlet Cooling Devices 789



Contents

Case Study 3: Comparative Evaluation
of Power Plants with Regard to Technical,
Ecological and Economical Aspects

Available Technologies
Efficiencies

Emissions

Power Plant Investment
Economic Evaluation

15. Manufacturing, Materials,
and Metallurgy

Basic Manufacture

Manufacturing Strategy

Forging

Casting

Fabrication

Welding

Electro-Chemical Machining (E.C.M.)
Electro-Discharge Machining (E.D.M.)
Composite Materials and Sandwich
Casings

Inspection

Smart Materials

Reverse Engineering
Optimization of Component
Manufacture by OEMs

Optimizing Gas Turbines with
Manufacturing Technology

Case Study 1: Upgrading the Core
Engine
Design Features
Raising Serviceability Ceilings
Spray Forming
Casing Fabrication
Microstructure of Processed
and Heat Treated RSS5
Creep Resistance Advancements
Creep Resistance of Materials
for Microturbine Recuperators
Case Study 2: Ceramic Vanes for
a Model 501-K Industrial Turbine
Demonstration
Ceramic Vane/Mount Design and
Analyses
Ceramic Vane Thermal Shock Tests
Ceramic Vane/Mount Proof Tests
Ceramic Vane/Metal Mount
Demonstration
Analyses of Ceramic Vanes

792
792
795
795
796
797

803
803
805
805
807
808
809
811

811
812
813
813

814
814
814
815
820
822
823

823
824

824

824

825
826
826

827
827

Case Study 3: Assessment of Ceramic

and Metal Media Filters in Advanced
Power Systems

Ceramic Filter Elements—Summary

Comments
Metal Filter Media Development

16. Microturbines, Fuel Cells,
and Hybrid Systems

Microturbines

Fuel Cells
Power Generation Tubular SOFC
Technology
Hybrids

Applications and Case Studies

Case Study 1: Microbial Fuel Cells (MFC)

Case Study 2: PEM Fuel Cells (FCs)
on Naval Submarines

Case Study 3: Microturbine in a CHP
Application

Case Study 4: A Fuel Cell Application
Case Study 5: Tubular Solid Oxide

Fuel Cell/Gas Turbine Hybrid Cycle Power

Systems

Case Study 6: A Turbogenerator for
a Fuel Cell/Gas Turbine Hybrid
Power Plant

17. Training and Education

Industry Training

Case Study 1: OEM Project Application
Engineers Training

Training Programs within Academia
Case Study 2: Industry Supported
Multimedia Aeroengine Design Case
Case Study 3: Theoretical Calculations

Compared with Actual Cogeneration Plant

Case Study 4: Undergraduate Engine
Design Program

Mission Analysis

Case Study 5: Gas Turbine University
Laboratory Study

Aircraft Gas Turbine Engine Experiment
Case Study 6: OEM Working with Several

Universities on Gas Turbine Prototype
Development
Turbine Validation

830

831
833

836
836

837
837
840
840
843
843
844
849

853

861

862
866

868

869

870
872

877
878

882
883



i)

18. Future Trends in the Gas Turbine

Industry

Some Newer Technologies
Coal Fuel Combustion Related
Hydrogen Turbines
Fracking
Improvement of Established
Technologies
Technologies that Reduce Required
Infrastructure
Resultant Energy/Fuels Usage Chart
Smart Grid
Transmission and Distribution
Technology Improvements
Fuels and their Emissions
Future Business Trends
The Agents of Change
Legislation, Financing, and Business
Models
Political Incentives, Infrastructure,
and SPPs
Positioning with Respect to
Technology
The Gas Turbine’s Main Rivals
Using Technology to Advantage
Fuel Technologies
Environmental International Caucuses
OEM Changing Fortunes
OEM Acquisitions, Joint Ventures, and
Licensees
Reading Renewables
End-User Associations
The Independent Contractor Factor
Distributed Power: How Large Does a
Power Plant Need to Be?
The Age of the Personal Turbine
The Power Mix

19. Basic Design Theory

Operational Envelope
The Environmental Envelope
Installation Pressure Losses
The Flight Envelope
Properties and Charts for Dry Air,
Combustion Products, and Other Working
Fluids
Description of Fundamental Gas
Properties
Description of Key Thermodynamic
Parameters

887
887
889
889

889

890
891
891

892
892
893
895

896

898

900
900
902
902
904
904

904
906
907
907

908

908
908

913
914
923
924
927
927

928

Contents

Composition of Dry Air and Combustion

Products
The Use of CP and Gamma, or Specific
Enthalpy and Entropy, in Calculations
Database for Fundamental and
Thermodynamic Gas Properties
Formulae
“Design Point” Engine Design,
Definitions, and Terminology
Design Point Performance Parameters,
Definitions
Linearly Scaling Components and
Engines
Design Point Exchange Rates
Open Shaft Power Cycles
Combined Heat and Power
Closed Cycles
Aircraft Engine Shaft Power Cycles
Aircraft Engine Thrust Cycles
The Engine Concept Design Process
Basic Starting and above Idle Transient
Performance Assessment
Margins Required When Specifying
Target Performance Levels
Design and Development Program
Shortfall
Case Study 1: Prediction Effects of
Mass-Transfer Cooling on the
Blade-Row Efficiency of Turbine Airfoils
One-Dimensional Methods
The TOTLOS Method

Case Study 2: Advanced Technology Engine

Supportability: Preliminary Designer’s
Challenge
Historical Trends/Recent GEAE
Experience
Advanced Materials
Engine Preliminary Design
Specific Examples

20. Additional References and
Appendix for Unit Conversion

Index

Additional General References
Some Specific References
Unit Conversions
Pressure and Stress
Unit Conversions
Temperature
Unit Conversions

928

929

930
933

938

938

941
941
942
943
944
944
944
944

946

946

946

947
949
950

953

953
954
954
955

965
960
961
964
964
965
965

967



