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Application of Pre-heated Oxygen to Supersonic Oxy-Fuel Burner
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Supersonic oxygen burner is used in electrical arc furnace to assist melting scrap iron. In this study, we investigate the
effect of applying preheated oxygen to a supersonic oxygen burner on heating performance by using numerical
simulation and experiment. At first, the velocity distributions are evaluated by numerical calculation, and it is revealed
that the use of high temperature oxygen makes the jet velocity higher than conventional room temperature oxygen burner.
Secondary, we compare the time from the start of heating to the melting of the steel plate by prototype burner, and it is
found that the use of high temperature oxygen can reduce the time by up to 50% compared to the use of room temperature
oxygen. In addition, a combustion-type oxygen heater is manufactured and the effect of the decrease in oxygen
concentration due to mixing with combustion gas is evaluated. Under the conditions of oxygen preheating to 500°C,

same heating performance is obtained compared to the electric heater with a high oxygen concentration.
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Table 1 Calculation condition

Item Condition

Gas model Ideal gas model
Oxygen

Flow rate 83.3 Nm3/h

Temperature 25°C, 500°C
Fuel

Species Methane

Flow rate 8.3Nm’/h

Temperature 25C
Outer Space

Outlet Pressure 101kPa abs.

Inflow Air  (02:21mol%,N2:79mol% )

Turbulent model RNG k-¢
Standard wall function

Combustion model EBU model
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Table 2 Combustion conditions

Item Condition

A: Designed for 25°C
B: Designed for 500°C

Buner nozzle

Oxygen

Flow rate 200 Nm3/h

Temperature A: Room temperature,

B: Room temperature ~ 500°C

Fuel

Species Natural gas

Flow rate 20~45 Nm?/h

Temperature Room temperature
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(b) 500°C Oxygen, nozzle B

Fig.7 Flame appearances
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Table 3 Total energy
Case 1 2 3
Burner nozzle A B B
O: temperature [C] 25 500 500
Fuel flowrate [Nm3/h] 45 45 40
Fuel energy [kW] 508 508 451
Heater energy [kW] - 40 40
Total energy [kW] 508 548 491
Time to melting 44.7 22.1 21.9

at L/D =32 [s]
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