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Abstract: In order to reveal the mechanism of unsteady gas ingestion and the generation mechanism of
large—scale vortex structure on sealing clearance under stator—rotor interaction, the three—dimensional unsteady
numerical simulation of a 1.5-stage high—pressure turbine with an axial sealing structure was carried out. Firstly,
the numerical method was verified by combining the experimental results and the classical flow theory in the cavi-
ty. The results show that the pressure potential field at the leading edge of the rotor is the main cause of the rotary
gas ingestion. The seal shear vortex in the rim clearance is the main reason for the three—dimensional unsteady
flow of the turbine rim, and its strength is mainly affected by the radial velocity and tangential velocity gradient of

the ingested gas and the purged flow, as well as the upstream boundary layer. The circumferential rotation of the
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seal shear vortex is conducive to accelerating the migration of the ingested gas from the rotor wall side to the stator

wall side, reducing the difference of the sealing efficiency between the two wall sides. The sealing efficiency dif-

ference between the rotor and stator sides of the cavity outlet increases by 175% when the sealing flow rate is re-

duced from 0.5% to 0.25%.The interaction between the seal shear vortex and the rotary pump effect can restrain

the mainstream high—temperature gas from ingesting the rotor cavity in the radial direction. Finally, it can be con-

cluded that the axial position of the cavity outlet closer to the leading edge of the rotor has a positive significance

for improving the sealing performance in this paper, according to the gas ingestion mechanism and the character-

istics of the seal shear vortex.

Key words: Turbine cavity; Gas ingestion; Seal shear vortex; Unsteady rim seal effect; Rim sealing
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Table 1 Geometric and aerodynamic parameters of each
blade row of Lisa stage 1.5 turbine
Parameter Sl R1 S2
Balde number 36 54 36
Span/mm 70 70 70
Chord length/mm 80.88 59.72 85.50
Pich/mm 63.7 42.5 63.7
Inlet angle/(*) 0.0 52.4 -35.4
Exit angle/(*) 72.0 -66.6 66.0
Exit Ma 0.54 0.50 0.48
Re 7.1x10° 3.8x10° 5.1x10°
Interface
—> | Vane : / Blade\ i | Vane e
L i i
Purged flow

Fig.1 Model cross section
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Fig. 2 Computation mesh of 1.5-stage turbine
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Fig. 3 Relative total pressure coefficient at rotor exit
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Fig. 7 Radial velocity coefficient contour at the cavity exit
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Fig. 15 Velocity gradient contour of tangential surface
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Fig. 16 Unsteady frequency signal of monitoring point
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