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Labyrinth Seal Effects in Turbines
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ABSTRACT

Secondary flows in gas turbines, especially those associated tip clearance and labyrinth seals, have
become a focus of interest for engine manufacturers. In the past, many analytical and experimental studies,
which focused solely on the flows in either tip clearances or seals, have been conducted. This paper
presents an analytical model that describes the flow response in a single stage turbine induced by a finite
sealing gap at the turbine rotor. The flow is assumed to be axisymmetric and the analysis is done in the
meridional plane. Upon going through the stage, the radially uniform upstream flow is assumed to split into
two streams one associated with the seal and the other which has gone through the blades. The former is
referred to as the leakage flow, and the latter is referred to as the passage flow. The passage flow is
assumed to be inviscid and incompressible while the flow in the seal can be modeled as either inviscid or
viscous. Thus, the model is capable of predicting the kinematic effects of labyrinth seals on the turbine
flow field. :
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Fig. 1 A schematic view of a tWibine stage.

Fig 2 Cutaway secion of a single gland
labyrirth seal (Millsaps®).
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Fig. 4 Contral volume with the associafed mass
flux for the derivalion of the continuity
equation.
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Fig. 5 Leakage mass flow amaunt Vs the sealing
gap for the test turbine.
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Fig. 6 Radial distribution of axial velocity at
rotor exit.

Tangential velocity

—— T T

o9 s i L L . s
0 0.2 0.4 0.6 08 1 12 14

Cv3/Cx0

Fig. 7 Radial distribution of tangential velocity at
rotor exit.
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