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Objectives

• Substitution of oil injection with gas injection

– difference in combustion characteristics

– analysis of critical operating conditions

– by means of computational fluid dynamics (CFD)

– detailed description of the oil and/or gas flow
in tuyére and raceway
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Principles of Gas Injection
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3D-Model of the Tuyére
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CFD – Model

• Calculations are done by using the CFD code by FLUENT Inc., 
consisting of:
– the solver FLUENT 6.0.20

• compressible flow
• realizable k-� – model

• discrete phase model (for oil injection)

– the preprocessor GAMBIT 2.0
• development of the geometry (lances, nozzle pipe, tuyére, raceway)

• mainly hexahedral and tetrahedral mesh

– the preprocessor prePDF 4.0
• equilibrium chemistry model
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Geometry of the CFD-Model
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Input Parameters (per tuyére)

4.383.55[MW]Heating Power

Gas / Oil

100 *)-[� m]Droplet Diameter

0.110.08[kg/s]Mass Flow

-735[Nm³/h]Volume Flow

2.07160  /  80[m/s]Velocity

11  /  2[-]Number of Lances

142227[°C]Temperature

123[bar]Pressure

2.051.95[kg/s]Mass Flow

57655471[Nm³/h]Volume Flow

~ 198~ 188[m/s]Velocity

11501150[°C]Temperature

2.52.5[bar]Pressure

Hot Blast

Heavy oilCoke oven gas

*) Rosin Rammler Distribution
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Gas and Oil Composition

17.34[MJ/Nm³]Qn

43.21[MJ/kg]Qn

0.09O2

2.71N2

1.41CO2

6.94CO

2.67C2H6

22.06CH4

0.76H2O

63.36

[mole-%]

H2

Coke oven gas

40.04[MJ/kg]Qn

10.45Hydrogen

87.00Carbon

2.01Sulphur

0.02Ash

< 0.10

[m-%]

Water

Heavy oil
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Distribution of Temperature 
(Oil Injection, 1 Lance)
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Distribution of Velocity
(Oil Injection, 1 Lance)
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Distribution of Temperature on an ISO-Surface of v = 50 m/s
(Oil Injection, 1 Lance)
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Drop Diameter and Trajectories
(Oil Injection, 1 Lance)
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Distribution of Temperature 
(Gas Injection, 1 Lance)
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Distribution of Velocity
(Gas Injection, 1 Lance)
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Distribution of Temperature on an ISO-Surface of v = 50 m/s
(Gas Injection, 1 Lance)
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Distribution of Temperature 
(Gas Injection, 2 Lances)
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Distribution of Velocity
(Gas Injection, 2 Lances)
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Distribution of Temperature on an ISO-Surface of v = 50 m/s
(Gas Injection, 2 Lances)
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Gas Concentrations after Combustion

5.665.235.07[m/s]Velocity

230421532051[°C]Temperature

1.201.181.04OH

0.180.100.24H

0.500.310.25O

10.6513.2413.96O2

68.7566.3765.97N2

9.074.003.33[mole-%]CO2

1.940.391.00CO

000C2H6

000CH4

7.5114.1713.35H2O

0.240.240.85H2

2 lances1 lance
Heavy oil

Coke oven gas
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Conclusions

• Heavy oil
– combustion takes place at the beginning of the raceway
– almost homogeneous distribution of temperature and velocity
– gas leaving the raceway is almost uniformly distributed
– no overheating of the tuyére

• Coke oven gas – 1 lance
– very inhomogeneous view of temperature and velocity
– the flow reaches to the end of the raceway with high velocity
– highest temperatures at the end of the raceway
– no overheating of the tuyére

• Coke oven gas – 2 lances
– significantly decreased penetration depth
– more homogeneous distributions of temperature, velocity and gas concentration
– more uniform combustion similar to heavy oil injection
– no overheating of the tuyére
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