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An Engine-Level Performance Simulation Method Based on Compressor

Inter-Stage Bleed Air and Turbine Cooling Air Correction Model
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Abstract: To enhance the simulation accuracy of engine-level performance for aero-engines, a dual-spool
mixed-flow turbofan engine is taken as the research object. Compressor inter-stage bleed air and turbine
cooling air correction models are coupled into the engine-level performance simulation model to investigate
their individual and combined effects on engine-level performance at different rotational speeds. The influence
of coupled correction on engine throttling characteristics, altitude performance, and speed characteristics is
also evaluated. The results indicate that significant differences exist in the simulated engine-level performance
before and after coupling the compressor inter-stage bleed air and turbine cooling air correction models. At the
relative rotational speed of high-pressure rotor Nhr=100% , the intake mass flow rate is increased by 3.8%,
the surge margin of the high-pressure compressor is improved by 3.0%, the total outlet temperature of the

combustion chamber is increased by 4.9% , the thrust is increased by 8.4% , and the specific fuel consumption
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is increased by 3.2%. Analysis of ground throttling characteristics, high-altitude cruise performance, and

speed characteristics shows that the coupled correction does not alter the trends of engine-level performance

variations. However, the performance after coupling is generally superior to that before coupling, with

noticeable changes in magnitude. Therefore, in engine-level simulations, detailed consideration of compressor

inter-stage bleed air and turbine cooling air corrections can make the simulation results more realistic and

improve the accuracy of engine-level performance predictions.

Key words: aeroengine; inter-stage bleed air; turbine cooling air correction; component performance map

correction; engine-level performance simulation
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Fig.5 Diagram of turbine stage cooling air inlet calculation
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typical operating conditions
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Fig.12 Influence of inter-stage bleed air on the characteris-

tics of high pressure compressor (Nhr=100% )
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Table 5 Ratio of cooling air on the guide vanes and mov-

ing blades for high and low pressure turbines
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Table 6 Influence of turbine cooling correction on
engine-level performance parameters
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Table 7 Influenceof coupled compressorinter-stage bleed
air and turbine cooling air correction on engine-

level performance parameters
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Fig.13 Influence of coupled compressor inter-stage bleed air and turbine cooling air correction on characteristics of high

pressure compressor (Nhr=100%;)
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Table 8 Influence of altitude characteristics under high-altitude cruising state

RE ®E/km HET /RN FEIER/ (kgekNT ) KUBRUESNLE L BB 0 AR /K RS WL ARA B/ %

0 36.22 107.02 14.14 1521.2 26.3

3 31.18 102.33 16.51 1515.6 25.6

B 5 28.03 99.54 18.54 1509.7 25.3
165 1F i

7 25.03 97.19 20.98 1503.3 24.8

9 22.00 95.54 23.86 1498.2 24.3

11 18.32 94.86 26.19 1496.1 23.6

0 41.62 107.180 14.50 1595.5 29.2

3 36.02 102.775 17.07 1591.3 28.5

B 5 32.52 100.125 19.31 1585.5 28.1
BIE

7 28.96 98.020 21.91 1579.0 27.8

9 24.33 97.490 24.14 1573.2 27.3

11 19.68 97.350 25.93 1568.0 26.7
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Table 9 Influence of speed characteristics under high-altitude cruising state

PR Ma M /KN FEA/(kgekN 'sh ') RUBAUESAUE B 0 RE/K RO RE /%
0.8 18.32 94.86 26.19 1496.1 23.6
1& 1E /i 1.0 19.33 99.02 23.69 1498.4 24.4
1.5 19.84 115.11 15.19 1518.2 26.0
0.8 19.68 97.35 25.93 1 568.0 26.7
BIE)E 1.0 21.44 100.97 24.00 1573.4 27.3
1.5 22.65 116.51 15.65 1593.1 28.8
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