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Investigation on Characteristics of Flow Field of Methane-Oxygen Coaxial

Turbulent Non-premixed Flame at High Pressure
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We carried out the flow field measurement using LDV on methane-oxygen coaxial
turbulent non-premixed flame in the case of non-combusting and combusting
under high pressure. And then the results of the measurement were compared to
simulated figures. From flow field measurements, we found that: turbulent energy
in combusting situation increased with pressure rising, therefore turbulent mixing
was enhanced and also turbulence was more anisotropic in all regions of the flow
comparing to those of non-combusting situation. From the comparison of the
numerical results of each measurement data, the results are good agreement with
the k—¢ model in the case of non-combusting and the RSM/PDF model in the case of

combusting situation.
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Fig. 1 Schematic of high pressure experiment facility.
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Table 1 Experimental parameters and gaseous properties on cold flow.

Pressure (MPa) 0.2 0.5 0.7 1.0

N, mass flow rate (Fuel nozzle) (kg/h) 0.185 0.370 0.925 1.295 1.850
N, mass flow rate (Oxidizer nozzle) (kg/h) 0.444 0.888 2.220 3.108 4.440
Density at 300K (kg/m3) 2.25 5.62 7.86 11.25
Viscosity at 300K (uPa -+ s) 17.9 17.9 17.9 17.9
Kinematic viscosity at 300K (m?/s) 1.6X10° 80x10°% 32X10% 23x%x10° 16x10°

Table 2 Experimental parameters and gaseous properties on combusting flow.

Pressure (MPa) 0.2 0.5 0.7 1.0

CH, mass flow rate (Fuel nozzle) (kg/h) 0.106 0.212 0.531 0.743 1.062
0, mass flow rate (Oxidizer nozzle) (kg/h) 0.508 1.016 2.540 3.556 5.080
0, mass flow rate (Outer flow) (kg/h) 5.080 5.080 5.080 5.080 5.080
Thermal input (kW) 3.0 7.5 10.5 15.0
Density at 300K (CH,) (kg/m?) 0.644 1.288 3.220 4.508 6.442
Viscosity at 300K (CH,) (uPa - s) 11.17 11.17 11.19 11.19 11.23

Kinematic viscosity at 300K (CH,)  (m?/s)

1.7 X 10°

8.7x10° 35x10% 25X10% 1.7x10°
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Fig. 2 Direct photographs of flame.
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Fig. 3 Image of CH* radical chemiluminescence.
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Fig. 4 Axial profiles of axial mean velocity and turbulent energy.
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Fig. 5 Radial profiles of axial mean velocity and turbulent energy at z/d =6.25.
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Fig. 6 Radial profiles of Reynolds normal stress at z/d =50.
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Fig. 8 Axial profiles of axial mean velocity on cold flow.
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Fig. 9 Axial profiles of axial mean velocity on combusting flow.
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Fig. 10 Radial profiles of axial mean velocity on combusting flow at z/d =50.
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Fig. 11 Spreading angle comparison on combusting flow .
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