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Prediction of Non-Contact-Type Seal Leakage Using CFD

Tae Woong Ha
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ABSTRACT

Leakage reduction through annular type seals of turbomachinery is necessary for enhancing their
efficiency and the precise prediction method of seal leakage is needed. The analysis based on Bulk-flow
concept has been mainly used in predicting seal leakage. However, full Navier-Stokes Equations with
turbulent model derived in the seal flow passage have to be solved for improving the prediction of seal
leakage. FLUENT 6 which is commercial CFD(Computational Fluid Dynamics) code based on FVM(Finite
Volume Method) and SIMPLE algorism has been used to analyze leakage of various non-contact-type seals
in this presentation. Comparing with the results of Bulk—flow model analysis and experiment, the result of
CFD analysis shows good agreement with that of existing theoretical analysis for the incompressible
grooved seal and compressive plain and staggered seal. The CFD analysis also shows improvement on the
leakage prediction of the incompressible plain seal and compressive see-through-type labyrinth seal.
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Table 1 Geometry and operating conditions for the plain
annular pump seal

Seal geometry
Seal diameter 76.29 (mm)
Seal length 3493 (mm)
Seal clearance 0.11 (mm)
Surface relative roughness 0.001
ating_condition
Pressure difference 6.89 MPa
Rotor speed 10200 rpm
Eccentricity ratio 00
Inlet swirl ratio(Vi/(Rs ®)) 0.0
Inlet loss coefficient 0.1
Kinematic viscosity(v) 1.14x10°% (m¥/s)
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Table 2 Comparison of plain seal leakage

Method of Analysis Leakage(kg/s)
FLUENT(Theory) 1.056
San Andres(Theory) 1.118
Ha(Theory) 1.164
Marquette(Experiment) 1.09
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Table 3 Geometry and operating conditions of grooved seal

Pressure difference (Pg—Ps) 5.83 (Bar)
Groove length(L,) 16 (mm)
Groove depth(B) 1.2 (mm)

Land part length(Ly) 1.6 (mm)

First land part length 2.4 {mm)

Last land part length 2.4 (mm)
Groove seal total length 6.4-35.2 (mm)

Number of groove 1-10

Clearance of groove seal(C;) 0.175 (mm)

Radius of groove seal(R) 35.2 (mm)

Rotor speed 500 (RPM)
Density 0982 (Kg/m’)

Absolute viscosity 0.001 (N-s/m)
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Fig. 4 Velocity vectors in grooved seal(m/s)
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Table 4 Geometry and operating conditions of compressive seal

labyrinth seal geometry
Radius of seal stator(Rs) 756 (mm)
Radius of seal rotor(R.) 68.3 (mm)
Tooth height(short one) (Bs) 3.175 (mm)
Tooth pitch(L) 2.175(mm)
Step height(D) 4.0(mm)
Tooth tip width(t,) 0.152(mm)
Clearance of seal(C,) 0.127(mm)
Number of labyrinth teeth(NT) 5
Operating condition
Reservoir pressure 7.09 - 304 bar
Sump pressure 1.014 bar
Inlet swirl ratio(Vi/(Rs o)) 0.0
Rotor speed 20,000 (RPM)
Temperature 300 (K)
Kinematic viscosity (air) (v) 0.0000023 (m%/s)
SUIIHME MOA, NM3S, 2006




Fig. 7 A typical staggered labyrinth seal geomelry and
control volume
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