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Study on the Effect of Swirling Flow Distribution on
Combustion Performance of Gas Turbine
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Abstract; To investigate the effect of swirling flow distribution on the combustion characteristics of dry
low emission ( DLE) combustion chamber, on the premise of unchanged swirl number, experimental tests
and numerical simulations were carried out for two-stage swirler in a single-dome center-staged swirl com-
bustion chamber by using natural gas as fuel at different air flow split ratios. The change rules of integrat-
ed combustion performance and pollutant emission of the combustion chamber under different structural
parameters were obtained. Research shows that with the increase of flow ratio of primary combustion
stage/pre-combustion stage swirlers, the area and length of recirculation zone at the center of the combus-
tion chamber becomes smaller and shorter; the increase of local equivalence ratio at the pre-combustion
stage results in an increase of CO emission at the outlet of combustion chamber, and thermal NO, emis-
sion also increases as primary combustion stage burns severely; meanwhile, the high temperature area ex-
pands towards the outlet of the combustion chamber, which deteriorates the outlet temperature distribution
uniformity.

Key words: swirling flow distribution, DLE combustion chamber, central-staged swirl, combustion per-
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Fig. 1 Combustion chamber
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Tab. 1 Structural parameters of swirler
. B3 TR FIRY TR
ES
WAE D;/mm  AME D,/mm  MFff/(0)  BERALS, MR d/mm MR d,/mm mERff/(0)  BERELS, it b
1 82.00 110 33.9 0.59 20 60.0 47.6 0.79 1.7
2 77.50 110 34.4 0.59 20 55.5 47.2 0.79 2.3
3 72.00 110 35.1 0.59 20 50.0 46.8 0.79 3.3
4 67.50 110 35.5 0.59 20 45.5 46.2 0.79 4.5
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Fig.2 Combustion test system
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Fig. 3 Thermocouple distribution
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Tab. 2 Operation condition of combustion chamber
HE O PO ERuWE O REEE USSR TURGUA k= Higkg  FERIUREE Eme
/K p/kPa W,/kges™' W/ ges™! W /g s™! Wp/ges™! Mt Wy/ges™! M
1 690 400 0.69 17.5 0.3 7.2 0.47 10 0.40
2 690 400 0.69 17.5 0.3 7.2 0.57 10 0.36
3 690 400 0.69 17.5 0.3 7.2 0.75 10 0.33
4 690 400 0.69 17.5 0.3 7.2 0.96 10 0.31
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Fig. 4 Grid independence verification
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Fig. 5 Flame tube wall test temperature measurement data
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Fig. 6 Streamline distribution on the middle section of combustion

chamber under different swirler flow ratios
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Fig.7 Axial velocity distribution under different swirler flow ratios
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Fig. 8 Radial velocity distribution under different swirler flow ratios
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