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Emissions reduction
technologies
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Combustion Systems

Single-Annular Combustor (SAC) Dry-Low-Emissions (DLE) Combustor
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Combustion Principles to Meet Low Emissions

Temp limit to meet

both NOx & CO Multi Stage Combustor
requirements Excessive NOx
I Q
/ [ NOx 5
| )
i = Controlled fuel
cO | 3 to air ratio
! @ management
o Limi A - :
| NOx Limit =
| & | Excessive CO/ Blowout
Flame Temperature Power
e Low NOx and CO emissions e GE LM Gas Turbines with Dry
occur in a narrow band of Low Emissions combustors use
flame temperatures Lean Pre-mixed Combustion
e With Diffusion Combustors (SAC) with Fuel Staging to maintain
emissions can be controlled with the narrow flame temperature
water or steam injection window
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Flexible emissions reduction ...
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@ Control technology
Water injection
v Iv'v'v'v| 25ppm NOx (gas fuel)
Vv v v'v'| 42ppm NOx (liquid fuel)
Steam Injection
VIv'v'v" | 25ppm NOx (gas fuel)
v +15ppm NOx (gas fuel)
Dry Low Emissions
v v/ | 15ppm NOx (gas fuel)
v v v v /| 25ppm NOx (gas fuel)
v/ | 65ppm NOXx (liquid fuel) | g9
vivlv] 100ppm NOX (liquid fuel)| ¥
vIv'vv | Dual Fuel DLE :

AR GT offerings as of 3Q2012

© Copyright 2012 General Electric Company. All Rights Reserved. Subject to restrictions on cover page.



Wide range of combustion systems
- serving differing needs

LM2500 SAC - 76% Dry

ar

Operating hours (millions)

SAC DLE : SAC SAC DLE

LM6000
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LM2500

® Liquid-Steam
m Dual-Steam
® Gas-Steam

® Liquid-Dry

® Dual-Dry

LM6000 SAC -96% Wet

i

Estimated data as of August, 2011

m Gas-Dry

m Liquid-Water
® Dual-Water
m Gas-Water
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LM6000

30 PREMIXERS
COMPRISING 75
STAGED INJECTORS

SYSTEM OF CHOICE FOR

‘C‘ZCI)D::I?DSI?ECQEOR ITES WHERE EMISSIONS
DIFFUSER ARE REGULATED

AND WATER USE
IS RESTRICTED

SYSTEM OF CHOICE FOR
>SITES WHERE EMISSIONS
ARE NOT REGULATED

OR WATER IS AVAILABLE

SINGLE COMPRESSOR
DIFFUSER PASSAGE

SINGLE ROW OF
30 FUEL NOZZLES
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With standard combustor
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DLE vs. Standard Combustor 1122007

30 PREMIXERS
COMPRISING 75

STAGED INJECTORS )

4 PASSAGE

COMPRESSOR SYSTEM OF CHOICE FOR
DIFFUSER ITES WHERE EMISSIONS

ARE REGULATED
AND WATER USE
IS RESTRICTED

SYSTEM OF CHOICE FOR
>SITES WHERE EMISSIONS
ARE NOT REGULATED

OR WATER IS AVAILABLE

SINGLE COMPRESSOR
DIFFUSER PASSAGE

SINGLE ROW OF
30 FUEL NOZZLES
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Witlhtanard combustor
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Single Annular Combustor
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Fuel nozzle to SAC Combustor interface
must be considered when selecting the
emissions control method

Fuel

nozzle tip %

diameter

=4 Primary \
swirler |
diameter f

Gas/water

Dual fuel with
or without water

imagination ot work
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LM2500 product line has 2 swirler diameters,
therefore another degree of flexibility

Original LM2500 High flow LM2500 LM6000
@ imagination ot work
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World-leading technology for aeroderivatives
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Common Design Approach

LM6000 2
---- ';n, ’j_j;:

v' Common triple-annular
architecture

v Common premixer
technology

v" Similar combustor flow
splits and emissions
characteristics

v" Similar staging and
controls

v" Similar acoustic behavior
and abatements

v’ Same/similar materials
for heat shields and liners
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Leaders in DLE combustion for aeroderivative
gas turbines ...
... more than 700 units and 17 million hours!!

s
LM2500
Gas 456 10,354,060
Dual 15 54,598
\_
(" LM6000
Gas -25ppm 228 6,465,578
Gas -15ppm 29 161,579
Dual-25ppm 4 126,313
\_Dual-15ppm 2 106,045 \

Data as of July, 2012
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DLE1/1.5 Combustor Staging

v’ Lean premixed operation
throughout operating
range

v Radial staging by fueling
banks of premixing cups

v Some circumferential
staging modes to provide
extend overlap
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© Copyright 2012 General Electric Company. All Rights Reserved. Subject to restrictions on cover

, -—p :
premix fuel + air

page.

17



DLE Combustor Design Evolution
DLE1 DLE1.5 DLEZ2

LM2500 Base & + LM2500 +G4 LM6000PH
LM6000PB & PD LM6000PF LMS100P8

/

Now also for the
LM2500 at 15ppm!!

30 premixers
75 cups

imagination ot work
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DLE 1/1.5
Advancements



LM2500 Base 15-ppm Combustor

15-ppm combustor design
characteristics:

v Same combustor as LM2500+G4
v Re-sized premixers for Base cycle

v Shortened A-cup and C-cup heat
shield wings

v Optimized cooling

v" Spline seals for reduce leakage

v Variable B2-cup ELBO* for improved
CO emissions and operability

* ELBO = non-premixed fuel for flame stabilization and turn-down

imagination ot work
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LM2500+/+G4 Emissions @ 50% Power

v’ Production test
data now obtained
at 50% power

v"No hardware or
control system
changes

v Average NOX
emissions <20 ppm

v Average CO
emissions ~10 ppm

imagination ot work

250

= 20.0

£ 15.0 -

5.0

0.0 4

LM2500+ NOx Emissions

—
= 10.0 -

LM2500+G4 NOx Emissions
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LM6000PF Emissions @ 50% Power

v Production test data
now obtained at 50%
power

v No hardware or control =
system changes 20

15 -

v Average NOx emissions g N
<12 ppm g I I I I I I

v 15 ppm NOx guarantee
extended to 50%
power

v Average CO emissions
<25 ppm
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DLEZ

Taking combustion technology to the next level
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Strategy

Leverage proven multi-annular
technology for higher flow, higher
firing temperature cycles

Design validation with advanced
computational tools and
component tests

Utilize rigorous development
testing to provide robust designs
for the first production engine
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Features of DLE2 technology

Lean Premixed Combustion

Tight Flame temperature
boundaries

Enhanced Controls

Same combustor envelope
and Compressor Rear
Frame interfaces as
LM6000

New domeplate designs
Acoustics abatements
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Similarity between DLE1.5 and DLE2
Minimizing changes to the turbomachinery

Combustor
(Dual Annular)

15 Premixers

LMGOOO PH

30 Premixers Combustor

LM6000-PF (Triple Annular)
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With a simplified premixing
technology

Radial air inflow
for twin-annular
premixed swirling
Provides larger
operating windows
Reduces mapping needs
Has greater turndown

imagination ot work
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LMS100-PB and LM6000-PH Testing

v'Technology validated

v'Power and Heat Rate met predictions

v'NOX levels at 15ppm for LM6000-PH

25ppm for LMS100-PB

v'Confirmed full Y
system operation

v'10 minute start

v'Load drop-accept

v'First production
units completed

imagination ot work
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Demonstrating NOx and CO at high power
During 336-101 Production Test

M46 - Versi 1.3
ID: 1081

ENGINE TEMPERATURES
T2SEL 75.18 degF
T25SEL 24222 degF
T3SEL 1036.16 degF
T4BSEL 1692.1 degF
T48SPREAD  107.4 degF
ENwINE FRE>aWURES
POSEL 14.321 psia
P25SEL 32.86 psia
PS3SEL 408 .69 psia
P48SEL 97.61 psia
FUEL SYSTEM PRESSURES
GP1SEL 741.7 psia
GP20PSEL 3915 psia
GP2IPSEL  387.5 psia
GP20M2SEL 4932 psia
GP20M2SEL 4932 psia
GP2IMSEL  466.2 psia
FUEL SYSTEM PROPERTIES
LHVSEL 20452
SGSEL 0.5792
TFUEL 98.80
STARTING PARAMETERS
PRGTMR 0.0
IGN1DMD | .
IGN2DMD : EIMMN  0.4800 TABALIM
FLAMDTA ENGINE SPEEDS EMMISIONS :

FLAMDTE Z THROTTLE  10711.0rpn  NOXDRYO2 10.72 PPM

VARIABLE GEOMETRY N25SEL 10444.2 rpn  HCDRYO2 10.07 PPM

IGVDMD 70.4 % N25R B978.9rpn  CODRYO2 12.35 PPM
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Production DLE 2 combustor




Thank youl!



