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An Experimental Study on the Ambient and
High Pressure Combustion Characteristics of
Gas Turbine for IGCC

Min Chul Lee*' - Seok Bin Seo* - Youngbin Yoon**

ABSTRACT

In the era of energy climate, IGCC technology is one of the powerful solutions for the
demands of new energy with low carbon green growth. The present study is conducted to
investigate the combustion characteristics of syngas from the coal gasifier to predict problems
when it is fed to the gas turbine. Through high and low combustion tests, we understood that
hydrogen is the main reason of NOx emission but easily controled by injecting the dilution of
nitrogen. CO emission of syngas was comparable with that of methane and pressure fluctuation
of syngas was not significant. The data from this study will be used for the optimization of
combustion in the Korea first IGCC plant in 2015.
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Fig. 1 Iso-diagram of KEPRI coal gas combustion test
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Fig. 2 Drawing of GE7EA Model Combustor Test Rig
and Measurements

(b) Magnified drawing of core section in Fig. 4—(a)

Fig. 3 Drawing of GE7EA model combustor
test rig

Table 1. Main geometry of M1-combustor

Size

Symbol ()

Description

D1 Diameter of distillate oil fuel hole 3.2

D2 | Inner diameter of atomizing air hole | 2.97

D3 | Outer diameter of atomizing air hole | 5.5

D4 | Inner diameter of DeNOx water hole | 8.9

D5 |Outer diameter of DeNOx water hole | 11.4

D6 | Inner diameter of combustion air hole | 30

D7 | Outer diameter of combustion air hole | 53.5

D8 Fuel nozzle head diameter 76.3

D9 | Diameter of main fuel injection hole | 2.5

D10 | Inner diameter of combustion chamber | 190

L1 Length of combustion chamber 900
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Fig. 7 Characteristics of CO emission according to the
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Table 2. Test Condition of Fuel Change from CH4 to

Syngas

Gas Unit (Bu(;ggizi ﬁlglnant) Co(r;'ag:zictl';on
H2 vol. % 12.3 11.9
CcO vol. % 24.8 24.0
CHa vol. % 0 0.0
CO2 vol. % 0.8 0.8
H20 vol. % 19.1 0
O2 vol. % 0.4 0
N2+Ar | vol. % 42.6 63.4
Sum vol. % 100 100.0
Temp. T 300 200
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Fig. 11 NOx emission Characteristics of Syngas and
methane [Unit: ppm @15% O2)]

12

10

8 \ —+0%
\ —-20%

—10%
\ — 0%
f [ §
—H-80%
- 100%
| 4\
0 . ;

30Kw 35Kw 40Kw 45Kw 50Kw

Fig. 12 CO emission Characteristics of Syngas and
methane [Unit: ppom @15% O2]

Fig. 13 Pressure Fluctuation Characteristics of Syngas
and methane [Unit: psi]
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Table 4. High Pressure Combustion Test Condition to
Evaluate Diluent Effect

50

Power | Pres. of Flow rate [kg/hr]
Case

Output | comb.
[MW] | [barg] | H2 | CO N2 | CO2 |Steam

1 330 | 11.82 |60.1| 1052 | 27.4 | 3.2 | 14.8

2 334 | 11.80 | 58.8 | 108.4 | 102.8 | 3.0 | 14.7
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