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ABSTRACT

A steam turbine has to have a gap between rotating part and a non-rotating part. Leakage occurs from the gap, which causes

a reduction in the efficiency of the rotating machine and efforts have been made to reduce the leakage flow rate through the

seal. It has been reported that hybrid seals with brush elements have better leakage reduction performance than labyrinth seals.

This study is to present the CFD analysis method for predicting the leakage characteristic of the hybrid seal. The CFD analysis

of labyrinth seal and hybrid seal was conducted and the analytical results were compared with the experimental results to verify

the validity of the analysis. Based on the above results of the analysis of the leakage characteristic, the design direction of the

brush seal was presented through the leakage characteristic according to the parameters of the brush seal.
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Fig. 1 Test Apparatus for Iabyrinth' and hybrid air seal leakage
(Ref.“Z))

Fig. 2 Geometry of labyrinth seal (unit : mm) (Ref."?)

Table 1 Geometry and operating conditions for labyrinth seal case (Ref."?)

Geometry
Radius of seal rotor 704.34 mm
Tooth height 865 mm 5.48 mm
Tooth pitch 556 mm 3.96 mm
Tooth width 0.18 mm
Seal clearance 0.64 mm
Operating condition
Fluid air
Inlet pressure 303 kPa | 503 kPa | 803 kPa
Outlet pressure 68 kPa | 130 kPa | 233 kPa
Pressure difference 235 kPa | 373 kPa | 570 kPa
Rotor speed 0 rpm
Inlet loss coefficient 0.5
Outlet loss coefficient 1.05
Temperature 29 K ‘ 301 K ‘ 302 K
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Fig. 4 2D CFD result of distribution of pressure(AP=373 kPa) for
labyrinth seal
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Fig. 5 2D CFD result of distribution of velocity(AP=373 kPa) for
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Fig. 6 Comparison of labyrinth seal leakage between experiment
and CFD result
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Table 2 Geometry of brush element (Ref."?)

Brush seal
Brush wire dia. 0.127 mm
Porosity 18 %
Brush length 1.8 mm

" Brush element
(porous zone)

Fig. 8 Grid of hybrid seal
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Fig. 9 Cross section of bristle (unit : mm)

Table 3 Brush element geometry and operating conditions

Geometry
Brush wire dia. 0.127 mm
Brush length 1.8 mm
Operating Condition
Fluid Air
Inlet Pressure 900.0 kPa
Outlet Pressure 700, 500, 300, 100 kPa
Inlet loss coefficient 05
Outlet loss coefficient 1.05
Temperature 300 K
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Fig. 10 CFD result of pressure difference Vs. average velocity
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Table 4 Porous medium coefficient

Porous medium coefficient

Inertial Resistance(C) 3.70< 10°

Viscous Resistance(1/a) 1.17x 10"
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Table 5 Comparison of leakage reduction efficiency of experiment
and CFD result

Lealfage of Leakgge of Reduction
labyrinth seal hybrid seal ratio (%)
(kg/s) (kg/s) °
Experiment"” 0.571 0.138 76
CFD result 0.794 0.158 80
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s vreblaz lek A& W 9 CFD 4] W 3.2



Table 6 Geometry of hybrid seal for parametric analysis Ref?

Geometry

Radius of seal stator 84.78 mm

Radius of seal rotor 75.0 mm

Tooth height (High) 543 mm

Tooth height (Low) 9.14 mm

Tooth tip width 0.13 mm

Seal clearance 0.64 mm

Number of labyrinth teeth 11
Brush wire dia. 0.127, 0.1905, 0.254 mm
Porosity 12, 18, 24 %

Brush length 1.27, 1524, 1.778 mm

Table 7 Operating condition of hybrid sed for parametric analysis Ref?

Operating condition
Inlet Pressure 300 kPa
Outlet Pressure 0 kPa
Inlet loss coefficient 05
Outlet loss coefficient 1.05
Inlet Temperature 300 K
Outlet Temperature 0K
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Fig. 14 Pressure drop vs. velocity for determination of viscous

resistance and inertial resistance coefficient based on wire dia.

Table. 8 Porous medium coefficients based on wire dia.

Wire dia. (mm) 0.127 0.1905 0.254
Inertial | " 1
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