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Abstract

A procedure for the prediction of the off-design performance of a gas turbine engine is
proposed. The system performance at off-design speed is predicted by coupling the ther-
modynamic models of a compressor and a turbine. The off-design performance of a compressor
is obtained using the stage-stackimg method, while the Ainlay-Mathieson method is used for a
turbine. The precedure is applied to a single-shaft gas turbine and its predictability is found
satisfactory. The results also show that the net work output increases with the increase of the
turbine inlet temperature, while the thermal efficiency is marginal. The maximum thermal
efficiency at design point is obtained between the highest pressure ratio and design pressure ratio.
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(a) Pressure coefficient vs. flow coefficient
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(b) Stage efficiency vs. flow coefficient

Fig. 1 Stage performance characteristics
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Table 1 Axial compressor design data
Variable Data  unit
mass flow rate 28.3 (kg/sec)
stage number 4 -
rotational speed 11000 (rpm)
inlet absolute flow angle 0 (deg)
inlet total temperature 288.2 (K)
inlet total pressure 101.3 (kN/m?
gas constant 287 (kN/kg
K)
rotor  stator
1-stage hub radius 0.1930 0.2056 (m)
2-stage hub radius 0.2182 0.2267 (m)
3-stage hub radius 0.2352 0.2412 (m)
4-stage hub radius 0.2471 0.2557 (m)
1.2.3.4-stage tip radius 0.2892 0.2892 (m)
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(a) Pressure ratio vs. mass flow rate
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(b) Isentropic efficiency vs. mass flow rate

Fig. 2 Predicted compressor performance character-
istics
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Table 2 Axial turbine design data

Variable Data unit
mass flow rate 28.3 (kg/sec)
stage number 2 -)
rotational speed 11000 (rpm)
inlet absolute flow angle 0 (deg)
inlet total temperature 1300 (K)
inlet total pressure 331.7 (kN /m?)
gas constant 287 ‘(kN/kg
K)
stator rotor
chord 0.1 0.1 (m)
pitch 0.085 0085 (m)
1-stage hub radius 0.16 0.15 (m)
1-stage tip radius 0.275 0.285 (m)
2-stage hub radius 015 0.14 (m)
2-stage tip radius 0285 0295 (m)
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(b) Mass flow rate vs. pressure ratio

Fig. 4 Predicted turbine performance characteristics
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Table 3 System design data

HAAA A4

Variables Data  Unit
mass flow rate 28.3 (kg/s)
rotational speed 11000  (rpm)
turbine inlet temperature 1300 (K)
compressor pressure ratio 3.27 -)
compressor efficiency 0.86 -)
turbine efficiency 0.91 -
compressor inlet pressure 0.1013 (MPa)
compressor inlet temperature 2882 (K)
turbine outlet pressure 0.1013 (MPa)

~—

combustion chamber efficiency 1.0 (-
low heating value 43100  (kJ/kg)
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(b) Power input to the compressor

Fig. 5 Compressor characteristics as a component of a gas turbine engine
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.Fig. 7 Combustor characteristics as a component of a gas turbine engine
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(b) Thermal efficiency
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(c) Specific fuel consumption

Fig. 8 System performance characteristics
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