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Rotordynamic Analysis of a Labyrinth Seal Using
the Moody's Friction-Factor Model
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ABSTRACT

The leakage and rotordynamic coefficients of see-through type gas labyrinth seals are determined using a
two-control-volume-model analysis with Moody’s wall-friction—factor formula which is defined with a large
range of Reynolds number and relative roughness. Jet flow theory are used for the calculation of the
recirculation velocity in the cavity. For the reaction force from the labyrinth seal, linearized zeroth-order and
the first-order perturbation equations are developed for small motion about a centered position. The leakage
and rotordynamic coefficient results of the present analysis are compared with Scharrer’'s theoretical analysis
using Blasius’ wall-friction—factor formula and Pelletti’s experimental results. The comparison shows that the
present analysis using Moody’s wall-friction—factor formula and Scharrer’s theoretical analysis using Blasius’
wall-friction—factor formula give the same results for a smooth seal surface and the range of Reynolds
number less than 10°.
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Fig. 1 Friction factor vs. Reynolds number
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Fig. 2 Labyrinth seal geometry
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Fig. 3 Definition of two—control-volume
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Table 1 Geometry of labyrinth seal and test conditions

Labyrinth seal geometry(teeth-on-stator)
Inlet radius of seal rotor (Rs) 757 mm
Tooth height (B) 3.175mm
Tooth pitch (L) 3.175 mm
Tooth width (T},) 0152mm |
Number of labyrinth teeth 8
Operating condition
Inlet pressure (P) 79 bar
Outlet pressure (Ps) 5.3 bar
Inlet swirl ratio(Wi(0)/(Rs w)) 0
5030 rpm
Rotor speed (o) 12000 rpm
16000 rpm
Seal clearance (C) 0228 mm
Inlet temperature 300K
Gas constant (£) 27 J/kg K
Specific heat ratio (7) 14
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Fig. 5 Leakage vs. rotor speed
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Table 2 Growth of rotor with rotational speed™?

Rotor speed(rpm) Radial rotor growth(mm)
5030 0.0045
12000 0.0231
16000 0.0425
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