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ABSTRACT

The accurate prediction of leakage flow through the brush element of brush seal at the steam turbine is important to find
optimum design parameters for increasing an efficiency. In this study, CFD analysis method using commercial software
FLUENT is proposed to predict leakage through the brush element. Since the brush element has a complex three-dimensional
shape with many bristle assemblies, it is difficult to analyze the flow field. Therefore, if the brush element is assumed to be
porous medium region, the analysis time can be shortened. Two determination methods of resistance coefficients of the Darcian
porous medium equation are suggested. By comparing the 2D and 3D CFD analysis results for the leakage of the brush element

using the two resistance coefficient determination methods, the effectiveness of the analysis for the porous medium assumption

is proved.
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Table 1 Brush element geometry and operating condition

Geometry
Diameter of brush element 0.127 mm
Length of brush element 127 mm
Height of brush element 1.78 mm
Wide of brush element 04011 mm
Clearance 0.0043 mm
Operating condition
Fluid Air
Inlet pressure 3.0 bar
Density 36703 kg/m’
Viscosity 0.00001789 kg/m-s
Outlet pressure 25, 20, 15, 1.0, 05, Obar
Temperature 288 K
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Fig. 4 Velocity distribution for case 1

Table 2 Results of leakage and average velocity for various AP
using 2D CFD analysis

Case| AP [bar] | Leakage [kg/s] | interior average velocity [m/s]
1 0.5 1.8998E-03 6.8506
2 1.0 3.0666E-03 12.004
3 15 3.8548E-03 16.218
4 2.0 4.4006E-03 19.643
5 2.5 4.77T66E-03 22.543
6 3.0 5.0206E-03 24.735
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Fig. 5 AP vs. v curve-fitting to decide resistance coefficients
based on CFD analysis by Eq (1).
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Fig. 8 Grid generation for brush seal

Table 3 Comparisons of leakage between experimental results and

Fig. 10 Velocity distribution for case 1

Table 4 Brush element geometry and operating condition for
various porosity

porous medium model analysis based on experiment : Geometry
Diameter of brush element 0.127 mm
Inlet Outlet Pressure ) Length of brush seal 1.27 mm
Experiment CFD 5
pressure | pressure drop [ke/s] [hg/s] 15% 0.0043 mm
[Pal [Pal [Pal S S Clearance 18% 0.0067 mm
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Fluid Air
345068 342269 2798 0.1110 0.1471 Inlet Pressure 3.0bar
Outlet Pressure 1.5, 2.0, 2.5bar
Porosity 15%, 18%, 21%
Inlet loss coefficient 05
Outlet loss coefficient 1.05
I Temperature 288K
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Fig. 11 Leakage vs. porosity for brush element
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