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Improvement of Steam Turbine Stage Efficiency by Controlling Rotor Shroud
Leakage Flows
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Shroud leakage flow with large tangential velocity produces a significant aerodynamic loss due to the mixing with

the main stream flow. In order to reduce the mixing loss, two distinct ideas of the rotor shroud exit cavity geometry

were investigated using computational fluid dynamics (CFD) analyses and experimental tests. One idea is an axial

fin from the shroud downstream casing to reduce the axial cavity gap, the other is a swirl breaker placed in the rotor

shroud exit cavity to reduce the tangential velocity of leakage flow. Test results showed that the axial fin and the swirl

breaker improved turbine stage efficiency by 0.2% and 0.7%, respectively. The swirl breaker is an effective way to

improve steam turbine stage efficiency because it can effectively turn the rotor shroud leakage flow in the direction of

the main blade passage flow.
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Fig. 1 Rotor shroud seal and cavity arrangement
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Fig. 2 Schematic illustration of the rotor shroud leakage flow
(Modified figure based on Langston®)
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Table 1 Turbine representative specification

Mass flow rate kg/s 104
Inlet total pressure kPa 166
Inlet total temperature K 363
Outlet static pressure kPa 127

Rotational speed rpm 4150

Vortex design - Free vortex

Velocity ratio (Root), U/Co - 0.56

Stacking center line

Trailing edge

4 150x
3.5Cx 4 “l!(

X
Stator inlet
traversing Rotor outlet
position traversing

position

(a) Meridional shape (base shroud cavity case)

(b) Stator blade shape

(¢) Rotor blade shape

Fig. 3 Tested blade geometries
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Fig. 4 Tested shroud cavity geometries
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Fig. 6 Computational grid for a shroud leakage flow passage
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Table 2 Numerical models

Item Numerical model

Turbulence model Shear Stress Transport

Equation of state Ideal gas

Transition model Gamma Theta model

Sutherland’s formula

Viscosity

FNESY
o o

Blade Height [%span]
o

Now
o

o

o
o

70 80 90 100 -60 -30 0 30 60
Stage efficiency n/n.; [%] Absolute outlet flow Angle [deg]

Fig. 7 Comparison of experimental results (EFD) with
computational ones (CFD)
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Fig. 8 Calculated flow patterns within the shroud leakage flow
path for Casel (U/Co=0.56)
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Fig. 13 Calculated flow patterns within the shroud leakage flow
path for Case2 (U/Co =0.56)
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shroud leakage flow for Casel from axial upstream direction
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