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Optically accessible combustion test rig (LIF, CL, Raman, ...)
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Objectives

lean premixed combustion
technology for gas turbines

= enhancing flame stability
(extension of lean blow-out limit;
prevent flashback;
reduce flame front fluctuations)

= |ower NO, emissions
(improved fuel/air mixing)
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Combustion Impact of Gas Composition

@ality & specification 2=
High Hydrocarbons m - r
“C2+” US) w é “InertS”
o | & g £

e FEthane C2H6 AR E: 8 | 3 |
le Propane C3H8| 3 A= = e _Nitrogen — N2
e Butane C4H10 (U = Io Carbon Dioxide COZl
e C5,Ce, ..
e Reactivity e Volumetric air/fuel ratio

— flashback — injector design

— ignition — fuel-air mixing

— flammability limits — combustion stability

— emissions

Source: original slide from ALSTOM (modified)
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NO, emissions
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NO, emission depend on gas mixture and temperature
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Adiabatic Flame Temperature [K]

Lower NOXx for co-firing mixture: Different pathway for C,H, oxidation
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CO, MITIGATION
VIA CO-FIRING OF BIOMASS Biomass

(up to 20%)

Input Ath| |

Steam cycle n.= 35%

for 10 MW,
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Heating value: 18 MJ/kg
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roduct gas

B-IGCC n.~49%

com-
pressor
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electr.

process
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Operational window (syngas: 50% H, / 50% CO)
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Operational window (syngas: 50% H, / 50% CO)

lean blow out

- lifted flame

equivalence ratio

stable flame

flame stabilized close
to sudden expansion

flame speed
overtakes
flow velocity
locally and/or globally
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Flame Front Detection & Characterization

data processing
for flame front surface
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single shot OH-PLIF

tu
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rbulent flame speed (S;) data
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flame front contour
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Turbulent flame speed of methane mixtures (with C;Hg, H,)
IS dependent on pressure
(even though the effect is very small above 10 bar)
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Turbulent Flame Speed

673 K, 5 bar, 40 m/s, grid g365,xg10
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Laminar Flame Speed, S, [m/s]

Turbulent Flame Speed, S, [m/s]

Hydrogen Content in Fuel Mixture [%]

Up to approx. 25 % Vol. H,: chemical kinetics dominate (S;/S;, const.)
H, > 25 % Vol.: additional effects (preferrential diffusion, stretch)
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Turbulent Flame Speed: Influence of Pressure
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@ ; ” three mixtures
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Turbulent Flame Speeds: Influence of Fuel Blend
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Turbulent Flame Speed
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Low Turbulence Grid,
g350,xg30

Pre-Heating: T =673 K

Bulk Velocity: U, =40 m/s
Pressure =5 bar

S{/S, # const.
=f (H, content)
for H, > 25 %

High Turbulence Grid,
g365,xg10

Pre-Heating: T=673 K

Bulk Velocity: Uy, =40 m/s
Pressure =5 bar
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Turbulent flame speed S,
- dependency on fuel composition and stoichiometry
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Normalized Turbulent Flame Speed

e co-firing NG and air-blown SG
(@ 60% - 40%) leads to an
Increase of S-/S; of 15%

e firing pure SG increases
dramatically the ratio S{/S;
depending on the H, content
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Normalized Turbulent Flame Speed
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Fuel

Gasturbine based
Technology options for CO,-free power generation

Post - combustion

TExhaust, 0.3-0.5% CO,

(combustion with O,) |

CH,+0, < CO,+2H,0

—»

Water

conventional CO,
1 power plant capture
Pre - combustion | 2Hp+03 < 2H20 !
| | Gasification| |'a"| | co, | _,| powerplant co,
= Reforming shift capture (H, combustion) storage
2 Hy+CO Hy+CO; l Exhaust F
Oxy firing . 0.1-0.5% CO,
3 bower plant «—— Air separation

removal l
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e Im» Fuel Decarbonization / H, combustion

H2 + N2 MEA CO, MEA CO, Compressor
Fuel Absorber =
Water / Steam Steam Reforming R
Partial Oxidation 5555 ST
Air / Oxygen Shift Reaction | — .. = ___ CO,
. . . liquid
. 1. FP7 project coordinated by | """
: I . Humid
Z -4, European Turbine | ar
7 =4
v Network (ETN)
H,IGCC
H, + N e B
2 2 ‘ Front-End
Air & % 1!
Combustor (Integrated)
Compressor Turbine ‘ Tail-End ‘
Source: original slide from ALSTOM (modified)
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Project Details

SEVENTH FRAMEWORK
PROGRAMME

Collaborative Project under the EU’s Seventh Framework
Programme (FP7): Advanced Gas Turbines for Solid Fuel
Gasification Processes

Co-funded by the European Commission, Directorate-
General for Energy

Title: Low Emission Gas Turbine Technology for Hydrogen-
rich Syngas

Acronym: H2-1GCC

Website: www.h2-igcc.eu

Duration: 4 years (2009-2013)

Budget: 17.8 M Euro (11.3 M Euro EU funding)


http://www.h2-igcc.eu/

=il ) .
z % H,-IGCC Vision
H,IGCC

To pave the way for commercial deployment of

efficient, clean, flexible and reliable IGCC-CCS

plants by 2020

H2-IGCC project IGCC-CCS

Co-funded by the  Full Scale Energy
/ T without

European Union Demonstrations CO.

2009-2013 from 2014

www.h2-igcc.eu



Precombustion (decarbonisation) capture
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r 4 = - :
Safe and low emission combustion technology
H,IGCC | .
for undiluted, hydrogen-rich syngas

B Demonstrate the safe use of undiluted, hydrogen rich
syngas
in lean premixed combustion mode

at competitive low emission levels
B Demonstrate the safe and competitive use
of undiluted, hydrogen rich syngas through the application of

Innovative combustion concepts
Parameter of success

E Demonstrate the use of undiluted, hydrogen
rich syngas derived from a pre-combustion
CO, capture process in typical F - class
combustion systems with minimal modifications
in order to conserve the ability to burn a variety
of fuels




PAUL SCHERRER INSTITUT

d;g:b General Energy — Combustion Research Laboratory

Combustion Research @ PSI

_Contributions to efficient & low emission
energy conversion*

Peter Jansohn,

Combustion Research Laboratory (CRL)

Results generated during PhD thesis work of

P. Siewert, E. Boschek, S. Daniele

) 04 /2010
“IEA IA combustion, TLM 2010” 30




PAUL SCHERRER INSTITUT

L— R ] General Energy — Combustion Research Laboratory

er schaffen W|ssen heute fur morgen
L

PSI, 26. September 2010



	Slide Number 1
	High pressure test rig
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	NOx emissions
	Slide Number 8
	CO2 MITIGATION �VIA CO-FIRING OF BIOMASS
	Operational window (syngas: 50% H2 / 50% CO)
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Turbulent Flame Speed
	Turbulent Flame Speed
	Turbulent Flame Speed: Influence of Pressure
	Turbulent Flame Speeds: Influence of Fuel Blend
	Turbulent Flame Speed
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Technology options for CO2-free power generation
	Slide Number 23
	Low Emission �Gas Turbine Technology �for Hydrogen-rich Syngas �
	Slide Number 25
	H2-IGCC Vision
	Slide Number 27
	SubProject �Partners (11):
	Slide Number 29
	Slide Number 30
	Slide Number 31

