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Combustion Characteristic Study of LNG Flame in an Oxygen Enriched Environment

Hey-Suk Kim - Mi-Soo Shin - Dong-Soon Jang - Dae-Geun Lee*

Department of Environmental Engineering, Chungnam National University - *Korea Institute of Energy Research

ABSTRACT : The ultimate objective of this study is to develop oxygen-enriched combustion techniques applicable to the system of prac-.
tical industrial boiler. To this end the combustion characteristics of lab-scale LNG combustor were investigated as a first step using the
method of numerical simulation by analyzing the flame characteristics and pollutant emission behaviour as a function of oxygen enrichment
level. Several useful conclusions could be drawn based on this study. First of all, the increase of oxygen enrichment level instead of air
caused long and thin flame called laminar flame feature. This was in good agreement with experimental results appeared in open literature
and explained by the effect of the decrease of turbulent mixing due to the decrease of absolute amount of oxidizer flow rate by the absence
of the nitrogen species. Further, as expected, oxygen enrichment increased the flame temperatures to a significant level together with concen-
trations of CO, and H;O species because of the elimination of the heat sink and dilution effects by the presence of N, inert gas. However,
the increased flame temperature with O, enriched air showed the high possibility of the generation of thermal NO if nitrogen species were
present. In order to remedy the problem caused by the oxygen-enriched combustion, the appropriate amount of recirculation CO, gas was
desirable to enhance the turbulent mixing and thereby flame stability and further optimum determination of operational conditions were nece-
ssary. For example, the adjustment of burner with swirl angle of 30~45° increased the combustion efficiency of LNG fuel and simultan-
eously dropped the NOy formation.

Key Wonds : Pollutant Emission, Oxygen-Enriched Combustion, Turbulent Mixing, Thermal NO, Burner Swirl
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Table 1. 7/}, and S, expression for 3-D axi-symmetric
coordinate system
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where pog= i+ pt, Hyeo = radiation heat loss
Sthermatn = Volumetric thermal NO generation,
S...= Volumetric fuel NO generation
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Table 2. Standard conditions of LNG combustion in an oxy-
gen enriched environment

Flow conditions Fuel Oxidizer
Composition CH, Air / O*
Temperature(K) 343 343
Flow rate(Nm’/h) 0.58 7.18%
Velocity(m/s) 2.06 14.6*
Swirl number 0.77*

Geometry
Fuel radius(mm) 10
Oxidizer inner radius(mm) 20
outer radius(mm) 25.5
Furnace radius(mm) 100
Furnace length(mm) 800

800 mm

* numerical parameters
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(a) OER = 0%
Fig. 2. The images of the oxygen-enriched flame.
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