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Combustion Performance Test of Syngas Gas in a Model Gas
Turbine Combustor - Part 2 : NOx/CO emission Characteristics,
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ABSTRACT

This paper describes on the NOx/CO emission characteristics, temperature characteristics
and flame structures when firing coal derived synthetic gas especially for gases of Buggenum
and Taean IGCC. These combustion characteristics were observed by conducting
ambient-pressure elevated-temperature combustion tests in GE7EA model combustor when
varying heat input and nitrogen dilution ratio. Nitrogen addition caused decrement in
adiabatic flame temperature, thus resulting in the NOx reduction. At low heat input
condition, nitrogen dilution raised the CO emission dramatically due to incomplete
combustion. These NOx reduction and CO arising phenomena were observed at certain flame
temperature of 1500 °C and 1250 °C, respectively. As increasing nitrogen dilution, adiabatic
flame temperature and combustor liner temperature were decreased and singular points were
detected due to change in flame structure such as flame lifting. From the results, the effect of
nitrogen dilution on the NOx/CO and flame structure was examined, and the test data will
be utilized as a reference to achieve optimal operating condition of the Taean IGCC
demonstration plant.
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Fig. 2. Model gas turbine combustion test facility
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Fig. 3. Schematic diagram of model gas
turbine combustion test rig

Table 1. Experimental conditions.

[tems Unit Value
Combustion chamber pressure | bara | 1.0~14
Air inlet temperature °C 200
Mean mixture jet velocity at m/s 412~
combustor inlet 74.9
28,398~
Reynolds number 51,600
Swirl number - 0.832
Heat input kWi 30~60
Overall equivalence ratio L/L | 0.38~0.77
Nitrogen dilution ratio % 0~150
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Table 2. Syngas composition of Buggenum

and Taean
Syngas )
N Unit | Buggenum Taean
composition
Ho mol% 123 | 12.7~129
CcO mol% 248 | 31.3~315
CHs mol% 0.0 0.0~0.1
N2 mol% 42.4 | 50.6~50.8
CO2 mol% 0.8 0.2~0.4
H>O mol% 19.1 42~45
Ar mol% 0.6 0.2~04
HoS mol% 0.0 0.0
Sum mol% 100.0 100.0
LHV MJ/Nm® 446 | 535~537
Ho/CO % 496 | 40.5~40.6
Mole fraction of o
combustible gas mol% 37.1 | 44.1~443
N ivalent
2 equivaient | ey, 654 | 56.3~56.5
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Fig. 11. Flame images of Taean syngas Fig. 12. Flame images of Buggenum syngas
(upper : OH chemiluminescence (upper : OH chemiluminescence
image, lower : Abel Inverted Image) image, lower : Abel Inverted Image)
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