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Investigation of Transient Performance of An Auxiliary
Power Unit Microturbine Engine

Ho-Jae Son* - SooYong Kim**

ABSTRACT

The ecasiest way to see the phenomena of compressor surge is to show the static and dynamic
operation characteristic on the map. Its operation zone will be restricted by the surge limit and, static
and transient process must have some margin for it. Effect of rotor moment of inertia, air/gas
volumes and heat transfer are factors to cause the transition from the static line. In case a large
volume such as heat exchanger exists in the system it will exert a substantial influence to dynamic
characteristics. In the present paper, influence of air volume bled from the compressor exit on
transient process is investigated with an example of an auxiliary power unit micro-turbine engine.
Turbine mass, pressure ratio, rotation speed, power and moment are calculated based on mass and
work conservation. Result from the present study can give guidance to design the control system. A
computer program is developed to calculate the dynamic process using the MathCAD commercial
software. '
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AV: Air volume C: Compressor
T: Turbine CAU: Compressed air user
G: Generator CC: Combustion chamber

Fig. 1 Configuration of APU scheme

Table 1. Engine Parameters

Fig. 2 Auxiliary power unit AI-9V engine

Gas constant 286.8 | JkgK
Compressor efficiency 0.724

Turbine efficiency 0.83
Combustor efficiency 0.99

Fuel heating value, LHV 43124 | kJ/kg
Combustor pressure drop 3.0 %
Rotor moment of inertia 0.07 Kg-m2
Nominal Fuel consumption 0.01895 | Kag/s
Nominal rotational speed 36,750 | Rpm
Relative rotor speed, n 1

rotor angular velocity 3,850 s-1
Turbine inlet temperature 1,025 K
Turbine inlet pressure 0.299 MPa
Turbine gas mass flow rate 1.244 Ka/s
Turbine exhaust resistance 0.01354 | MPa
Compressor outlet pressure 0.308 MPa
Compressor air mass flow 1.663 ka/s
Compressor inlet resistance 0.0019 MPa
Air volume outlet flow rate 0.419 kg/s
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Fig.3 Engine ftransient trajectory on compressor
characteristic. Fuel flow step decreasing to 50
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d) v=2 e) V=4 f) v=6
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Fig. 4 Engine transient trajectory on compressor
characteristic. Fuel flow step decreases to
25%, then increase again. Air volumes in
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a) V=0.02 b} v=05,

d) v=2 e) V=40,

c) V=10
f) Vv=6.0
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