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A Study on the One—dimensional Design Equation of a
Stepped Labyrinth Seal
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ABSTRACT

The performance of Labyrinth seal for sealing the secondary flow path of a gas turbine was predicted using Flomaster, a
I-dimensional code. First, the predictive ability of the straight-through seal module built into Flomaster was verified by
comparing it with experimental data. The discharge coefficient was confirmed through the isentropic mass flow rate and the
actual mass flow rate found in Martin’s equation. The validity of the prediction using the one-dimensional code was verified
through the straight-through seal, and the discharge coefficient according to the geometric variables was predicted using the
stepped seal module built into the Flomaster. The performance of the seal predicted by the one-dimensional code was verified
by comparing the results obtained with the three-dimensional CFD (computational fluid dynamics) data. Among the design
variables of the stepped seal, the most important variable is the step height, but the effect is reduced above a certain height,

so the design equation of the one-dimensional code could be used.
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Fig. 4 Discrete Loss Module
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el N w30 b, Table 2 Geometrical Parameters of Stepped Seal
Seal operating conditions
’ Fluid Air
6 Exit Pressure 1.01 bar
. Inlet temperature 300 K
§ Shaft rotational speed 750 rpm
‘_E 4 Gas constant 287 N - m/kg - K
g 3 Seal geometrical conditions
g Number of teeth (N) 5
S? Height of steps (d) 1.5 mm
1 Shaft radius (£,) 90 mm
Radial clearance (C) 0.5 mm
’ 0 1 2 3 4 5 6 7 Tooth pitch (L) 9.2 mm
xfc Tooth height (B) 75 mm
Fig. 8 Virtual Seal Factor for Stepped Labyrinth Seal Tooth width (t,) 0.8 mm
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Fig. 10 Stepped Labyrinth Seal Network in Flomaster
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Flow Direction

Table 3 Geometrical Parameters of Stepped Seal

Geometry Parameter Stepped Seal
Number of teeth (N) 5
Clearance (C) 0.5 mm

Tooth width (T) 2.5 mm
Tooth heigth (H) 10.5 mm
Cavity width (CW) 3.5 - 33.5 mm
Step height (SH) 0 - 5.6 mm
Step position (SP) 0.15 - 10.35 mm

Table 4 Boundary Conditions of Numerical Analyses

Surface Boundary Condition

Inlet Pressure inlet, 300 K, 202,650 Pa
Outlet Pressure outlet, 300 K, 101,325 Pa
Shaft 0 RPM, adiabatic wall
Casing 0 RPM, adiabatic wall
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