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Gas Turbine Combustor R&D
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Measurement 1is Key
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Calpine: Equipment Failures From Siemens
Turbines

February 24, 2005: 15:43 p.m. EST

SAN FRANCISCO -(Dow Jones)- Calpine Corp.'s (CPN) unexpected costs due to
equipment failure in the fourth quarter were related almost entirely to turbines
purchased from Siemens AG (SI), a Calpine executive said Thursday in a conference call
with Wall Street analysts.

Calpine reported a fourth~guarter net loss of $172.8 million, compared with net income
of $119.6 miilion in the final quarter of 2003, The company, which has built its huge fleet
of natural gas-fired power plants in the U.S. over the past several years, said equipment-

failure costs of $45.3 million were a significant part of the downturn in results. The
fourth-quarter loss of 39 cents a share surprised Wall Street analysts, who had been
expecting a loss of 14 cents on average, according to First Call,

Goy et al., AIAA
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= All combustors can exhibit thermoacoustic instabiliti
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= Combustion methods that reduce emissions (NO,, particulates)
Increase the chance of thermoacoustic instabilities
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Thermoacoustic Instabilities

= All combustors can exhibit thermoacoustic instabilities

Acoustics
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= Combustion methods that reduce emissions (NO,, particulates)
Increase the chance of thermoacoustic instabilities
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Our Approach to Thermoacoustics

= Measure this...
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Experimental Setup
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h.-'lin Flam
remixed)

Pilot Flame
(non-premixed)

[
./ Dhanuka et al.,

Proc. Combust. Inst.

(2009)

Experiments at GE Global
Research Center
(Niskayuna, NY)

Model injector for N+1/N+2
hardware

p ~ 10 atm

P, ~ 700 kW

Jet-A fuel

Many dlfferent cases




Thermoacoustic Behaviors
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Diagnostic Configuration

S-PIV Intensified S-PIV Laser 8 ,
cameras OH* CL (in separate o 32
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Noise and Uncertainty

: Managing
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Thermoacoustic Behaviors
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Non-Stationary Dynamics VsNegatee foreings
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Intermittent
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Intermittent Behavior
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* Thermoacoustic >4 :
driving cycles during
iIntermittent
oscillations follows a
fairly repeatable
behavior

= Different axial regions
of driving and
damping with some
transitions

|
b
B
]
A
]
|
=
IS 3

0.6 0.8

Institute for Aerospace Studies z/ g,

UNIVERSITY OF TORONTO



What Wobbles First?

* No detectable oscillations
In gas phase velocity at
low oscillation amplitudes

* Droplet velocity oscillations
shortly after dump plane
— Same spectral signature as
pressure oscillations
= Total droplet scattering
oscillations persist
downstream

 Amplitude and phase of
fuel oscillations linked with
pressure oscillations
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Prediction of Oscillation Amplitudes
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Prediction of Oscillation Amplitudes

= Relatively simple model

using algebraic equations e Egspuelftrisr?fonr;m
for time lags, amplitude o a1l other
responses, etc. cases

* Predicts saturation
thermoacoustic amplitudes

as a function of design Xx?nk we
parameters | know

= Allows sensitivity studies, ¥thy
design guidance, etc. ese

are off
* Needs to be retuned for
each combustor
configuration
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Conclusions

= Laser (and other optical) diagnostics allow for high-fidelity data to
be obtained regarding complex dynamic processes in practical
hardware at realistic conditions

— Treatment of uncertain data requires careful consideration

* Provides mechanistic understanding that can be used to

— Directly aid design and operation
— Develop best practices for simulations
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