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Outline

« Components
* Working Principles
» Off Design Performance
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1st Law of Thermodynamics:
Energy In = Energy Out
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Combined Cycle (Brayton and
Rankine)
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Component Interaction

» Gas Generator Power Equals
Compressor Power

» Gas Generator and Compressor
Run at same speed

* Fuel Energy is converted into heat
(almost
completely)

» Turbine nozzles are ‘the bottleneck’
and determine
the airflow/ pressure ratio through
the engine

« Two Shaft: The Power Turbine can
operate at arbitrary speed. Its flow
characteristic determines the Gas
Generator operating point.
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Combustion Systems
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The Control of Gas Turbines
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Engine Controls

 Fuel

« Variable Inlet Guide Vanes
— During Start-Up: To avoid Surge
— For Single Shaft SoLoNOx: To control Fuel/Air Ratio in
the combustor

— For Two Shaft: Control NGP such that engine will run
at full mechanical speed even at temperatures above
match

 Bleed

— During Start-Up: To avoid Surge
— For Two Shaft SoLoNOXx: To control Fuel/Air Ratio in the
combustor
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Engine Controls Pt 2

» Controlling the Temperature

— T; needs to be
controlled, but usually,
either T; or T, are
measured

— T, : Ok for Single shaft,
Problematic for two
shaft (var. PT speed)

— Ts: T5/T; relationship
determined by test (air
flow necessary for
energy balance),
however some
dependency on T,.
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For Given Load Setting
(eg NGP),

Compressor Will Operate
at Point Determined

B}f Available Power .”..J____fﬂ_..

and Pipeline
Characteristic

20000

15000

10000

5000

Wiy,

N
X

0

2000

4000

6000

8000 10000 12000 14000
FLOW

|||||

Steady state

Transient



Gas Turblne Driven

Power

Centrifugal Compressor

 Variable
speed,
controlled
by power ..
input
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Off Design Performance

« Ambient Temperature
 Ambient Pressure

* Inlet / Exhaust Pressure Losses
Accessory Loads

Relative Humidity

Load

Power Turbine Speed

Fuel

Accessory Loads
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Matching

Match

Temperaturs N
/r ~—_  PT MNozzle Area Smaller

\ PT Nozzle Area Larger

HE

MGEP = const

T3 = const
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Ambient Temperature
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Inlet/Exhaust loss

Effectiveness
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Site Elevation
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Humidity
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Variable Power Turbine Speed

Design Off Design
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Power Turbine Characteristic
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= Speed-Power relationship for a
driven centrifugal compressor and
the power turbine.

equilibrium operating point

The power turbine curve
assumes a constant gas
generator operating condition.

; compressor
Power

power turbine
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Part Load
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Variable Guide Vanes
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Summary

Performance Characteristics

Performance vs Power and Heat Rate vs Efficiency at Part Load
Ambient Temperature Elevation Operation
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Thank You!
Questions?
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