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Rotordynamic and Leakage Analysis for Stepped-Labyrinth Gas

Seal
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ABSTRACT

The basic equations are derived for the analysis of a stepped labyrinth gas seal which are
generally used in high performance compressors, gas turbines, and steam turbines. The Bulk-flow
is assumed for a single cavity control volume and the flow is assumed to be completely turbulent
in circumferential direction. Moody's wall-friction—factor formula is used for the calculation of
wall shear stresses in the single cavity control volume. For the reaction force developed by the
seal, linearized zeroth-order and first-order perturbation equations are developed for small motion
about a centered position. Integration of the resultant first-order pressure distribution along and
around the seal defines the rotordynamic coefficients of the stepped labyrinth gas seal. The
leakage and rotordynamic characteristic results of the stepped labyrinth gas seal are presented
and compared with Scharrer’s theoretical analysis using Blasius’ wall-friction-factor formula.
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Table 1 Input data for the analysis of
stepped labyrinth seal

_Seal _geometry(Teeth on rotor

Inlct radius of seal rotor(Rs) |75.6 {mm)
Tooth height (B) 3.175 (mm)
‘Tooth pitch(L) 2.175(mm)
Step height(d) 1.0(mm)
Tooth width(tp) 0.152(mm)
Clearance of seal(C;) 0.127(mm)
No. of teeth(NT) 5 10, 15
Operating_condition

Reservoir pressure 7.0 bar
Sump pressure 1.0 bar

Inlet swirl ratio(Vi/(Rs @)) 025 - 10
Rotor speed 20,000 (RPM)
"Temperature 300(K)
Kinematic viscosity{ v ) 0.0000023(m2/s)
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