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Abstract: For a certain type of high pressure turbine with active clearance control, a tip clearance estima-
tion model considering engine degradation is established. The effects of turbine front gas temperature and creep
deformation on tip clearance during long—term use and performance degradation of the engine are mainly studied.
In the research, the introduction method of performance degradation of engine in gap prediction is analyzed first-
ly, and the corresponding gap estimation process is established. Subsequently, using the typical working history

of an engine as the object, the variation of turbine tip clearance scale in the two conditions of traditional gap con-
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trol scheme and scheme considering the performance degradation of engine are compared. The optimization of the

gap control strategy is carried out accordingly. The study shows that the degradation of engine performance results

in the increasing of turbine inlet gas temperature, which increases the thermal deformation of the casing, disc,

and blade, especially for the casing. The elongation of the casing reaches 6.914 mm and increases 17% compared

with the pre-degraded values. The blade and the disc are also affected by the creep deformation and affects the tip

clearance value. Results predict that utilizing the optimized active clearance control scheme, the tip clearance

value can be controlled within a reasonable range in various working conditions. Particularly in the high tempera-

ture takeoff phase, the value is 53% higher than that in the degraded state. It effectively avoids the occurrence of

faults such as severe rubbing of the blades.
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mance degradation; Thermal deformation
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Table 1 Four steady-state operating speeds

Ground High temperature Maximum Speed

slow takeoff cruise reduce
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Fig. 7 Tip clearance estimation flow chart
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Table 2 Turbine inlet temperature degradation parameter

Number of engine cycles Turbine inlet degradation degree

0.0 0.00227
1.0x103 0.00432
2.0x10° 0.00632
3.0x10° 0.00806
4.0x103 0.00970
5.0x103 0.01107
6.0x10° 0.01214
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Fig. 9 Calculation flow chart with temperature degradation
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Table 3 Self-programming displacement and ANSYS

displacement comparison chart

Node Programming ANSYS Absolute  Relative
temperature/K temperature/K error error/%
2 780.80 780.58 0.22 0.03
3 781.92 781.14 0.78 0.10
5 783.89 783.02 0.87 0.11
7 756.40 755.25 0.88 0.12
9 780.33 780.11 0.22 0.03
11 776.20 775.54 0.66 0.09
13 775.49 774.62 0.87 0.11
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Fig. 12 Change of tip clearance with or without ACC
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