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Analysis of Flammable Mixture Formation in a Methane Unsteady Jet
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Abstract : Flow and mixture formation processes of a high-speed unsteady methane-jet are calculated using a large eddy
simulation in order to investigate the distribution of flammable mixture in a jet. The calculations were performed for wide

range of injection pressure, from low pressure injection to super-critical cases and for an impinging jet on a circular obstacle.
Based on the calculation result, formation of flammable mixture was discussed and compared with the previous experimental
results of spark-ignition combustion of a natural gas jet. A flammable region is formed from 40 to 80 times nozzle diameter

downstream on a jet axis and stable combustion starts by spark-ignition in this region for the case of lower injection pressure.

On the other hand for high pressure injection case, a flammable region forms farther downstream and a thin flammable

region is distorted by turbulence, therefore, spark-ignited combustion was not observed in the experiments. For the impinging

jet case, a flammable region spread quickly and widely behind the obstacle, even if for the high pressure injection case, so

that stable combustion was achieved in the experiments.
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Fig.1 Schematic diagram of grid system
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Table 1 Calculation conditions of free jet

Case o v v
Fuel CHa4
Injection pressure p, [MPa]| 1.2 | 1.5 | 2 | 5 | 8
Ambient pressure p, [MPa] 1.0
Nozzle Diameter d, [mm] 0.40

Case lll
pi=2MPa
t=0.3ms

Fig.2 Comparison of jet shape and development between LES and
experiment (Shadowgraph) [7] for different p; (Methane jet, p, =
IMPa, dp = 0.40mm)

CH4 p,=1MPa, dyp=0.40mm
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Fig.3 Temporal change of jet development
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p; = 1.2MPa xg, = 40mm
[ x = 35mm

(b) £=3.9ms (x;;, = 40mm)

Fig.4 Instantaneous y-distributions of equivalence ratio ¢
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Fig.5 Profiles of mass fraction £, at jet axis for different p;
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Fig.6 Instantaneous flammable region, velocity \ﬁ\ and strain rate \3\ for different p; (p, = IMPa, dy = 0.40mm)
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Fig.7 Instantaneous y-distributions of equivalence ratio ¢
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Fig.8 Flammable region in case of high pressure injection p, = IMPa, do = 0.40mm

Table 2 Calculation conditions of jet impinging on circular obstacle

Case vi [ v [ v
Fuel CH4
Injection pressure p; [MPa] 5 | 8 | 10
Ambient pressure p_[MPa] 1
Nozzle Diameter dy[mm] 0.40
Posi. Bluffbody xg[mm] 5
Bluffbody Diameter ¢g[mm] 4
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Fig.9 Comparison of jet shape and development between LES and

experiment (Shadowgraph) [6] Methane jet, p; = 8 MPa,
Pa=1MPa, dy= 0.40mm
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Fig.10 Instantaneous flammable region, velocity \ﬁ\ and strain rate \3\ in jet impinging on circular obstacle for different p; (p, = 1MPa, do = 0.40mm)
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Fig.11 Instantaneous y-distributions of equivalence ratio ¢ at # =2.5ms (x;;, = 25mm)
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