Gas Turbine Flexibility and Life Cranfield
Assessment Method

David Bosak
12-13 October 2016
Dr S. Dabbashi, Mr T. Isaiah, Prof P. Pilidis, Dr S. Sampath, Dr G. Di Lorenzo

www.cranfield.ac.uk



UNIVERSITY

Cranﬁeld
Presentation outline

A Balancing analysis
A Technical background



Cranﬁeld

UNIVERSITY

Balancing analysis




Cranﬁeld

UNIVERSITY

Balancing analysis

Enfield Energy, Uniper UK Limited
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Single shaft operational flexibility map
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Balancing analysis - fatigue

Fraction of fatigue life consumed for multi-shaft engine
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National Grid asks\

Example:
First
A 400¢ 350 Mw 0.045% fatigue

A Hold for 1 hour consumption
Then

A 350¢ 300 MW 0.033% fatigue
A Hold for 1 hour consumption

TOTALO.078%

X 500 times
39% fatigue consumption
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Balancing analysis - creep Netional Grid asks,

Fraction of creep life consumption for multi-shaft engine

Example:

First

A 400¢ 350 Mw 0.004% creep
A Hold for 1 hour consumption
Then

A 350¢ 300 MW 0.0005% creep
A Hold for 1 hour consumption

TOTAL: 0.00455%

sure time [minute

Expo

x500times
2.3% creep consumption

Load [MW]
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Global balancing analysis Cranfield

Maintenance schedule
based on praletermined equivalent operating hours ,/
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Gas turbine performance

Single shaft fuel control
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Single shaft VIGVs-fuel control
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Gas turbine performance

Stress [MPa]

Stress [MPa]

Single shaft fuel control
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Single shaft VIGVs-fuel control
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Technical background
¢ development of operational map
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GT Simulation
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GT simulation

Load reduction methods

1. Fuel active control
2. Turbine entry temperature control
A TET = constA Texhincrease
3. Exhaust temperature control
A Texh= constA TET decrease

/l\
Texh 0

/

Load -



Non-dimensional Variable

GT engine operational map
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GT simulation
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GT simulation

Ambient Temperature Effect Ambient Pressure Effect
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GT engine operational map

Case scenario

A 10mbar drop at inlet (inlet filter)
A 25mbar drop in exhaust back pressure (HRSG)
A Ambient temperature increase frots°C¢ 25°C

\4

13% power loss

e.g.52 MW lost in400MW plant

Conclusion:
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Non-dimensional mass flow should represertixis in GT Operational Map,

not power output



GT engine operational map
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GT engine operational map
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Constant efficiency linep
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