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Leakage Analysis and Design Modification of the
Combination-Type-Staggered-Labyrinth Seal

Tae Woong Ha'
Dept. of Mechanical-Automotive Engineering, Kyungwon University

Abstract — Leakage reduction through annular type labyrinth seals of steam turbine is necessary for enhancing their effi-
ciency. In this study, modified geometry of the original combination-type-staggered-labyrinth seal has been suggested and
numerical analysis for leakage prediction has been carried out for the modified-combination-type-staggered-labyrinth seal
both based on bulk-flow model and using the CFD code of FLUENT. The theoretical analysis based on bulk-flow model
yields leakage reduction of the modified combination type staggered labyrinth seal by about 11%. Comparing with the
result of Bulk-flow model analysis, the leakage result of CFD analysis shows reasonable agreement within 9.8% error.

Key words — leakage, combination-type-staggered-labyrinth seal, bulk-flow model, CFD, FLUENT.
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Fig. 1. Original configuration of combination-type-
staggered-labyrinth seal.

Fig. 2. Modified configuration of combination-type-
staggered-labyrinth seal and control volume.
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Table 1. Input data for the analysis of modified-
combination-type-staggered-labyrinth seal

Seal geometry .(Teeth-on-stator)
Radius of seal stator (R,) 344.299 (mm)
Radius of seal rotor (R) 336.425 (mm)

Tooth height(long one) (B) 6.858 (mm)
Tooth height(short one) (B,) 3.683 (mm)
Tooth pitch (L) 47752 (mm)
Tooth pitch (L) 3.175 (mm)
Step height (D) 3.175 (mm)
Step width (L,) 3429 (mm)
Tooth tip width (z,) 0.254 (mm)
Strip angle (a) 0.3838 (rad)
Clearance of seal (C) 1.016 (mm)
Number of throttling teeth (NT) 17

Seal length 63.6 (mm)

Operating condition (steam)

Reservoir pressure 22.8 bar
Sump pressure 19.4~3 bar
Inlet swirl ratio (V/(R, w)) 0.0
Rotor speed 3600 (RPM)
Reservoir temperature 742 (K)

1.71% 107 (m%s)
287.06 (J/(kg - K))
Specific heat ratio () 14

Kinematic viscosity (air) (v)

Gas constant (R)

Compressibility factor (2) i 1.0
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(reservoir pressure : 22.8 bar, sump pressure : 13 bar).
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