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Performance Analysis of Gas Turbine with fault in Variable Guide Vane System 

 

Gas Turbine Engine – Industrial Twin Shaft Turbine operated in the field as a Power Generator Unit 

 

Numerical Analysis via dynamic simulation based on non-linear gas turbine model 

 

Example - case study for slow rate degradation process: Compressor Fouling 

 

Example - case study for moderate rate degradation process: Compressor Turbine  Damage 

 

Case study for fast rate process: VGV offsetting 
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Engine Instrumentation 

Load 

Twin-shaft gas turbine 

Measured engine parameters 

Measurement stations 

Temperature 

sensors  

Pressure 

sensors  
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Gas Turbine Performance Deviation 
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Fault & Degradation Modes 
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Generic Component Based Tool 

for Simulation of Gas Turbine Engines 
Components

Ambient

Gas Path

Gas

Properties

Mechanical

SysFuel Sys

Control Sys

Category I

Category III

Category II

Category IV

Flow Splitter

Flow Remix

Inlet

InterDuct

Exhaust

Combustor

Compressor

Turbine

Load

Starter

Clutch

Gearbox

Governor

Sensor

Actuator

Bleed Valve

Uncooled

Turbine

Cooled

Turbine

Temperature

Pressure

Speed

Bleed Valve

VGV

Fuel Valve

Shaft

Based on standard 

SIMULINK block library 

Component oriented 

architecture 
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Component Characteristics – Predicted health parameters 

 compcompcomp nf ,

 compcompcomp nf , 
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Compressor VGV offset correction 

Pressure Ratio 

Correction Map 

Mass Flow 

Correction Map 

Efficiency 

Correction Map 
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Gas Path Faults 

VGV’s position offset 

BOV’s position fault  

CT 

erosion  

Compressor 

fouling 

PT 

Tip/Seal Rub 

Combustor 

degradation 
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Compressor Fouling 

Compressor blades fouling 

Compressor 

characteristics 

Implementation of 

non-dimensional 

coefficients 
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Compressor Fouling 

Compressor fouling for power generation unit 

running @ high operating point 
Compressor fouling for mechanical drive unit 

running @ low operating point 

Twin shaft  - 

operating 

envelope 
O 

O HOP 

LOP 
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Compressor Turbine Damage 

High Pressure Turbine Blade Damage 

Turbine  characteristics 

Implementation of 

non-dimensional 

coefficients 
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Compressor Turbine Damage 

CT damage for power generation unit running @ high 

operating point 

Power output and fuel demand for power 

generation unit running @ high operating point 
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VGV System Fault 

Implementation of 

non-dimensional 

coefficients 

VGV position feedback for 

position of linear actuator 

VGV Loose Connected Ram Fault 
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Low vs High VGV offset 

Measured power and at low IGV offset    Measured power and at high IGV offset 

Fuel demand for low and high IGV offset 
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Measured vs simulated data at low IGV offset 

Compressor discharge 

temperature at low IGV offset 
Compressor discharge 

pressure at low IGV offset 

Power turbine exhaust temperature at low IGV offset 
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Measured vs simulated data at high IGV offset 

Compressor discharge 

temperature at high IGV offset 
Compressor discharge 

pressure at high IGV offset 

Power turbine exhaust temperature at high IGV offset 
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Health Parameters – Low vs High VGV offset conditions 

IGV Offset % GGS % CDT % CDP % ET 

4.1 0.298 0.299 0.663 0.351 

2.3 0.079 0.342 0.052 0.102 

-3.98 0.700 0.673 0.527 0.816 

-6.4 0.739 1.506 0.322 1.387 

Simulated flow discharged by compressor Simulated compressor efficiency 

Error between measured and simulated data 
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Summary & Outlook 

Summary 

 

 

 

• Application of dynamic non-linear physics based model 

• Simulation of gas path related degradation/ fault modes 

• Deterioration rates ranging from slow & moderate to very fast 

 

Outlook 

 

 

 

• Model-based monitoring and diagnostics techniques 

• Transition from steady-state towards transient  modelling tools 

• Advent of on-line & real-time monitoring model-based systems 

as an enabler of functional digital twin technology  

 

Future development of  Gas Turbine Systems analysis   

Performance analysis of Twin-shaft Gas Turbine with a fault in 

Variable Guide Vane system 
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Disclaimer 

This document contains statements related to our future business and financial performance and future events or developments involving Siemens that may 

constitute forward-looking statements. These statements may be identified by words such as “expect,” “look forward to,” “anticipate” “intend,” “plan,” “believe,” 

“seek,” “estimate,” “will,” “project” or words of similar meaning. We may also make forward-looking statements in other reports, in presentations, in material 

delivered to shareholders and in press releases. In addition, our representatives may from time to time make oral forward-looking statements. Such statements are 

based on the current expectations and certain assumptions of Siemens’ management, of which many are beyond Siemens’ control. These are subject to a number 

of risks, uncertainties and factors, including, but not limited to those described in disclosures, in particular in the chapter Risks in Siemens’ Annual Report. Should 

one or more of these risks or uncertainties materialize, or should underlying expectations not occur or assumptions prove incorrect, actual results, performance or 

achievements of Siemens may (negatively or positively) vary materially from those described explicitly or implicitly in the relevant forward-looking statement. 

Siemens neither intends, nor assumes any obligation, to update or revise these forward-looking statements in light of developments which differ from those 

anticipated. 

Trademarks mentioned in this document are the property of Siemens AG, its affiliates or their respective owners. 

TRENT® and RB211® are registered trade marks of and used under license from Rolls-Royce plc.  

Trent, RB211, 501 and Avon are trade marks of and used under license of Rolls-Royce plc. 
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