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The Leakage and Rotordynamic Analysis of A Combination-
Type-Staggered-Labyrinth Seal for A Steam Turbine

Tae Woong Ha, Yong-Bok Lee’, Seung-Jong Kim~ and Chang-Ho Kim™
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ABSTRACT

Governing equations and numerical solution methods are derived for the analysis of a combination—
type—staggered—labyrinth seal used in high performance steam turbines. A bulk flow is assumed for
each combination—type—staggered—labyrinth cavity. Axial flow through a throttling labyrinth strip is
determined by Neumann's leakage equation and circumferential flow is assumed to be completely
turbulent in the labyrinth cavity. Moody's wall—friction—factor formula is used for the calculation of
wall shear stresses. For the reaction force developed by the seal, linearized zeroth—order and
first—order perturbation equations are developed for small motion near the centered position.
Integration of the resultant first—order pressure distribution along and around the seal defines the
rotordynamic coefficients of the combination—type— staggered—labyrinth seal. Theoretical results of
leakage and rotordynamic characteristics for the IP4—stage seal of USC(ultra super critical) steam
turbine are shown with the effect of sump pressure, the number of throttling labyrinth strip, and
rotor speed.
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Table 1 Input data for the analysis of combination-type
-staggered-labyrinth seal

Seal geometry(Teeth-on-stator)
Radius of seal stator (Rs) 344299 (mm)
Radius of seal rotor (R:) 336425 (mm)
Tooth height(long one) (By) 6.858 (mm)
Tooth height(short one) (Bs) 3683 (mm)
Tooth pitch (1) 47752 (mm)
Tooth pitch (1) 3.175 (mm)
Step height (D) 3.175 (mm)
Step width (Ly) 3429 (mm)
Tooth tip width (tp) 0.254 (mm)
Strip angle (@) 0.3838 (rad)
Clearance of seal (C) 1.016 (mm)
Number of throttling teeth (NT) 9
Seal length 636 (mm)
Operating condition(steam)
Reservoir pressure 22.8 bar
Sump pressure 194 bar
Inlet swirl ratio (Vi/(Rs ©)) 05
Rotor speed 3600 (RPM)
Reservoir temperature 742 (K)
Kinematic viscosity (air) (0) 706x10° (m%s)
Gas constant (R) 461.38 (J/(kg - K))
Specific heat ratio (y) 13
Compressibility factor (Z) 0.97
g Aot & dFME 28IAE A4 A
& 2B £ (NT) 9 274 (sump pressure)
2 % 359 wse] mE U AUF 9 F54
A%e) 5% 248 nadt B,
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deol 3 A2 sl YRR ATUE 45
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