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Numerical Study on the Thermal NOx Reduction
by Addition of Moisture in LNG Flame
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Abstract : A computer program is developed for the prediction of NO generation by the addition of water moisture and water
electrolysis gas in LNG-fired turbulent reacting flow. This study is the first part to deal with the moisture effect on NO genera-
tion. In this study, parametric investigation has been made in order to see the reduction of thermal NO as a function of amount
of moisture content in a LNG-fired flame together with the swirl and radiation effect. First of all, calculation results show that
the flame separation together with the NO concentration separation are observed by the typical flow separation due to strong swirl
flow. With a fixed amount of air, the increased amount of water moisture from 0 to 10% by 2% interval shows the decrease of
NO concentration and flame temperature at exit are from 973°C and 139 ppm to 852°C and 71 ppm. The radiation effects on the
generation on NO appears more dominant than swirl strength over the range employed in this study. However, for the strong swirl
flow employed in this study, the flow separation cause the relatively high NO concentration observed near exit after peak
concentration in the front side of the combustor.
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Fig. 1. Schematic diagram of LNG Combustor and boundary condition.
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Table 2. The numerical calculation condition of this study

w s+ ¢ volumetric generation rate A4 : molecular weight

Ty, + concentration of NHs “)7:'01 : volatilization rate
L, o+ heat of H;O evaporation Syt volumetric NO generation

H_, ' heat loss of radiation rate

Go=2ml( 2+ (22 (L

ol sl 2))

C,=1.44,C,=192,C,=009, 0, 0,= 09, 0, = 1.22

Primary Species LNG (CH4 100%)
stream Temperature 140°C
(Fuel) Velocity (m/s) 4
Species Air, Air+H,0O
. Temperature 15C
CalCLchl'?'tlon Secondary i 100/0, 98/2, 96/4
condition .
stream 9 ) ' ’
A A0 (%) 94/6, 92/8, 90/10
Swirl No / 0/0°, 0.38/30°,
vane angle 0.667/45°, 1.15/60°

Radiation model
(sensible heat loss model, four-flux model)
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(c) NO concentration (NOexit=139 ppm)
Fig. 2. Streamline, temperature and NO distribution for a CHs-air flame without moisture,
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