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Numerical Investigation of Protrusions on Leakage of Straight-
Through Labyrinth Seal
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Abstract: To improve the performance of labyrinth seal, a straight—through labyrinth seal with protrusions
on the smooth bush has been numerically investigated. The effects of pressure ratio, protrusions size and the
space between teeth and protrusions are studied. Compared with smooth bush straight—through labyrinth seal,
protrusions destroy the wall jet boundary layer continuity and change the direction of the jet flow, which improve
the seal performance and decrease the mass flow effectively. The study reveals that when the pressure ratio is 2,
the leakage coefficient of labyrinth seal with protrusions can decrease by 13% in comparison with smooth bush
labyrinth seal, and when the pressure ratio is 4, the leakage coefficient is reduced by 18%. The narrower width
and the higher height the protrusions can have, the better seal performance the labyrinth seal can get. Additional-
ly, with a decrease of the axial distance between protrusion and the next tooth, the protrusion can greatly
change the direction of the jet which flows into the next tooth, and thus improve the seal performance evidently.
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Fig. 1 Sketch map of labyrinth seal
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Fig.2 Tooth parameters

Tablel Structure parameters and axis location

of the protrusions

Case alt blt It
1 0.17/0.33/0.5/0.67/0.83 1 0
2 0.67 0.67/1/1.67/2/3 0
3 0.67 1 -3/-2/0/2/3
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Fig. 3 Sketch map of computational grid
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Fig.4 Comparison between numerical and experimental

results
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Fig. 5 Effects of protrusions height on leakage coefficient
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Fig. 6 Streamlines of cavity with smooth bush
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Fig. 7 Streamline of cavity with protrusions
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Fig. 8 Streamlines of local section of protrusions
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Fig. 9 Effects of protrusions width on leakage coefficient
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on leakage coefficient
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Fig. 12 Streamlines of local section of protrusions
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