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The Effects of Compressor Design Conditions on the Off-Design
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Abstract

The effects of compressor design conditions on the off-design performance of a single-shaft gas
turbine engine have been studied. Three different geometric design conditions are considered and
three different values for the specific mass flow rate at the inlet to the compressor are assumed.
For each of nine compressor designs, the off-design performance of the gas turbine engine is
predicted using the method previously proposed by present authors. Results show that the
predicted off-design performances are quite different from each other even though they have the
same performance at design point: it means that compressor design conditions should be deter-
mined in consideration of the off-design performance of the engine. The specific mass flow rate
at the inlet to the compressor is also shown that it might be optimized with respect to the net
power of the engine. »
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Table 1 9-different compressor designs

Const. tip radius Const. mean radius Const. hub radius
170 (kg sec m?) 5 stage (0.867) 6 stage (0.868) 8 stage (0.869)
190 (kg sec m?) 4 stage (0.868) 5 stage (0.868) 5 stage (0.868)
210 (kg sec m? 3 stage (0.867) 3 stage (0.866) 4 stage (0.868)

{ ) : Designs point efficiency
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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 ‘ 3317 (kKN /m?)
Gas constant 287 (kN kg K)
Stator . Rotor
Chord 0.1 0.1 (m)
Pitch 0.085 0.085 {(m)
1-stage hub radius 0.16 0.15 - (m)
1-stage tip radius 0.275 0.285 (m)
2-stage hub radius 0.15 0.14 (m)
2-stage tip radius 0.285 0.295 (m)
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Fig. 3 Off-design performance map of the turbine
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Table 3 System design data
Variables Data Unit
Mass flow rate 28.3 (kg s)
Rotational speed 11000 (rpm)
Turbine inlet temperature 1300 (K)
Compressor pressure ratio 3.2737 (=)
Compressor efficiency 0.86 (-)
Turbine efficiency 0.91 (—)
Compressor inlet pressure 0.101325 (MPa)
Compressor inlet tempera- 288.2 (K}
ture
Turbine outlet pressure 0.101325 (MPa)
Combustion chamber effi- 1.0 (=)
ciency
Low heating value 43100 L (k] /kg)
2.5ET ~ 03
Wea (w) N, = 1.2
Mn a, 4,0 max.pressure ratl 1.1 ¥
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(a) Net power .

(b} Thermal efficiency

Fig. 4 Net power and thermal efficiency characteristics of the engine fixed with the compressor of

constant tip radius design
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