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Combustion characteristics of ignition processes for lean premixed swirling
combustor at ultralow equivalence ratios
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(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To have good ignition performance of lean premixed swirling combustor (LPSC) at ultralow equivalence
ratios, this paper researched experimentally the combustion characteristics of ignition processes for LPSC at the
ultralow equivalence ratio conditions of 0.013~0.502 based on different conditions of ignition fuel ratio (F, ). The
results indicate that, when F, =10 %, F, =15 % and F, = 20 %, LPSC can ignite successfully at the equivalence
ratio intervals of 0.063-0.251, 0.042-0.377 and 0.05-0.502 respectively, and the minimum values of equivalence
ratio for ignition process are respectively 0.063, 0.039 and 0.011 by the fitting calculations of experimental results,
but LPSC fails to ignite at F'; =5 %. With decreasing equivalence ratio, the outlet temperature rise has a drop due
to the increase of air massflow, which can lead to the rising of CH, and CO concentrations and the deceasing of
combustion efficiency simultaneously. LPSC can ignite successfully at relatively low equivalence ratio for high F
but in which combustion efficiency deceases and pollutant emissions rise because of too much air massflow. Thus,
keeping a certain massflow of ignition fuel is beneficial for high-efficiency and rapid startup of LPSC at ultralow
equivalence ratio.

Keywords : gas turbine ;lean premixed swirling combustor ( LPSC) ;ultralow equivalence ratio ;ignition processes ;

combustion characteristics ;ignition fuel ratio
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Fig.1 Flow diagram of experimental platform
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Fig.3 Lean premixed swirling combustor
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Tab.1 Equivalence ratio of LPSC under different conditions of

F, and A
p B
F,=5% F,=10% F,=15% F, =20%

0.05 0.126 0.251 0.377 0.502
0.10 0.063 0.126 0.188 0.251
0.15 0.042 0.084 0.126 0.167
0.20 0.031 0.063 0.094 0.126
0.25 0.025 0.050 0.075 0.100
0.30 0.021 0.042 0.063 0.084
0.35 0.018 0.036 0.054 0.072
0.40 0.016 0.031 0.047 0.063
0.45 0.014 0.028 0.042 0.056
0.50 0.013 0.025 0.038 0.050
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Fig.4 Effects of equivalence ratio on outlet temperature rise
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Tab.2 Effect of equivalence ratio on combustion efficiency

F,=5% F,=10% F,=15%  F, =20 %

B w% B W% B W% B /%
0.126 0.251 99.96 0.377 99.96 0.502 99.95
0.063 0.126 99.76 0.188 99.94 0.251 99.94
0.042 0.084 99.67 0.126 99.92 0.167 99.91
0.031 0.063 99.28 0.094 99.87 0.126 99.72
0.025 0.050 0.075 99.85 0.100 99.66
0.021 0.042 0.063 99.82 0.084 99.57
0.018 0.036 0.054 99.52 0.072 99.32
0.016 0.031 0.047 99.46 0.063 99.24
0.014 0.028 0.042 99.41 0.056 99.15
0.013 0.025 0.038 0.050 98.83
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Fig.6 Effects of equivalence ratio on CO emission
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Tab.3  Exhaust gas component concentration and combustion

efficiency under minimum ignition equivalence ratio

R/ % Yo,/ Voo oo, n %
(pL-L") (pL-L™") (pL-L")
5
10 20 15.1 0.46 x 10* 99.28
15 17.06 32.57 0.44 x 10* 99.15
20 75.21 88.81  0.42 x 10°  96.77
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