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Abstract: Fluid-solid-thermal coupling numerical model of nonmetallic labyrinth seal leak-
age characteristics was established considering the deformation of tooth. The flow field, structure

mechanical characteristics and leakage characteristics of polyether ether ketone (PEEK), 30% car-
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bon fiber-filled reinforced polyether ether ketone (PEEK-CA30) and aluminium alloy in three
kinds of material labyrinth seal under different pressure ratios and temperature were studied on the
basis of the validation to solve the model accuracy, and based on the formula for Vermes, the non-
metallic labyrinth leakage theory formula was constructed considering the deformation of tooth.
The results showed that the fluid-solid-thermal coupling model of labyrinth seal can accurately cal-
culate the deformation of nonmetallic seal teeth and the leakage rate. Among the three materials
studied, PEEK-CA30 material had relatively small deformation of sealing teeth, accounting for
0.35% —0.67% of radial length of sealing teeth.Its sealing performance was good, and compared
with the leakage rate without considering deformation of teeth, it only increased by 1.2% —6.8%.
When the pressure ratio was more than 3 and the temperature was higher than 500 K, the equiva-
lent stress of the seal teeth using aluminium alloy material reached the yield limit of the material ,
leading to the failure of the seal.The theoretical formula of leakage rate can accurately predict the

leakage rate of nonmetallic labyrinth seal considering deformation of tooth, providing a theoretical
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basis for analysis of the leakage characteristics of nonmetallic labyrinth seal.

Key words: labyrinth seal; nonmetallic material; fluid-solid-thermal coupling;

leakage characteristic; formula establishment
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