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Mixture Formation in a Combustor for a Gas Turbine
(1st Report : Behavior of the Spray Injected from an Air-Assist Nozzle into Cold Air Flow)
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An automotive ceramic gas turbine was developed to achieve high thermal efficiency
and clean exhaust emission. A pre-vaporizing, pre-mixing lean combustor installed in the
gas turbine was developed, and a catalytic combustor for the gas turbine is under
development. In those combustors, air-assist nozzles are used to obtain the required wide
range of turn down ratio of fuel. It is still necessary to investigate the optimized mixture
formation of the fuel and the air in the vaporizing tube of the catalytic combustor is
remained. For the 1st report, this paper presents the behavior of the spray injected into a
cold air flow in a model vaporizing tube using the air-assist nozzle to understand the

fundamental characteristics of the spray.
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Fig.1 Configuration of the air-
assist nozzle

Table 1 Specifications of the air-assist nozzle

Flow rate of fuel 0.3~4g/s
Spray angle 60°

Fuel pressure 0.2~ 6MPa
Flow rate of 1~3g/s
atomizing air

Fuel Kerosene
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Fig.2 Schematic diagram of the experimental
apparatus
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Table2 Experimental conditions

Combustion air temperature 20~25C
Combustion air flow rate 20~ 60g/s
Fuel flow rate 0.4~0.8g/s
Atomizing air flow rate 1~3g/s
Swirler vane angle 10°
Pressure in the vaporizing tube | 0.1MPa

Air flow
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Fig.4 Flow measurement with a
cylindrical pitot-tube
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Fig.9 Distribution of axial flow velocity
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Fig.10 Distribution of swirling flow angle
of combustion air with atomization air
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Fig.11 Distribution of axial flow velocity
in varying combustion air flow rates
with Gaa=2g/s
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Fig.12 Distribution of axial velocity of
droplets for Gaa=1 to 3g/s with
parameter of air flow rate
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Fig.13 Comparison of measured Sauter
mean diameter and calculated value
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by varying fuel flow rate
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Table 3 Calculated velocities for varying flow
rate of combustion air and atomizing
air at locations shown in Fig. 16
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20 1 47 4.7 11 3
20 2 95 4.9 12 3
20 3 141 5.1 13 3
40 1 47 9.1 21 6
40 2 95 9.4 22 6
40 3 141 9.6 23 6
60 1 47 13.6 3l 9
60 2 95 13.8 32 9
60 3 141 14.0 33 9
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Fig.18 Scatter diagrams of particle size and particle velocity

in case of Gaa=2g/s shown in Fig.15
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