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relates generally to the operation of gas turbine engines and more particularly to the operation of
the engines during startup and operation at reduced power. Gas turbine engines, such as those that

power modern commercial and military aircraft, typically include a compressor for pressurizing a
supply of air, a combustor for burning a hydrocarbon fuel in the presence of the pressurized air, and

a turbine for extracting energy from the resultant combustion gases. The combustor includes a
combustion chamber that is sometimes called a can or a burner having air inlets for admitting air
into the combustion chamber and fuel nozzles for admitting fuel to be burned in the combustion

chamber. A swirling flow of combustion air is created in the burner or combustion chamber. Air that
does not participate in combustion in the burner typically flows into an annular area that surrounds
the burner. A typical gas turbine engine may operate as a turbofan engine which powers the aircraft
during flight. A turbofan engine typically includes a fan, a low pressure compressor, a high pressure
compressor, a combustor, a high pressure turbine, and a low pressure turbine. In operation, air is
provided to the fan which generates a bypass flow of air around the engine. The pressurized air

expands as it is directed into the low pressure compressor, and is directed into the combustor where
it is mixed with fuel and burned. The products of combustion expand as they are directed along the
annular flow path, thereby powering the high and low pressure turbines. The high pressure turbine
powers the compressor, and the low pressure turbine powers the fan. Most of the thrust is provided

by the bypass flow. A power turbine is driven by the turbine flow and powers the compressor. In
certain applications, it is desirable to provide combustion air directly to the first stage of the

compressor, thereby bypassing the fan and the low pressure compressor. However, cooling air is
normally provided to the combustion chamber for cooling various engine components. In one
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