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Abstract — In order to improve the leakage prediction and rotordynamic analysis of an annular seal with a
smooth rotor and circumferentially grooved stator, CFD analysis using FLUENT has been performed to deter-
mine the groove penetration angle o which is the angle of separation line between control volumes I and I
in groove section of Ha and Lee’s three-control-volume theory. Validation to the present analysis using new pen-
etration angle determined by the CFD analysis is achieved by comparisons with the results of published Ha and
Lee’s analysis. For the leakage prediction the present analysis shows slight improvement and CFD results yields
the best. Direct damping and cross-coupled stiffness coefficients are predicted better to the experimental ones.
However, direct stiffness coefficient is predicted worse.
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Fig. 1. Geometry of circumferential groove seal (Unit
: mm)[10].
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Fig. 2. Definition of three-control volume for groove
seal[10].
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Fig. 3. Mesh generation for one groove seal geometry.
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Fig. 5. Velocity vectors in groove seal(AP=2.88 bar,
500 rpm).
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Table 1. Input data of Ha and Lee's analysis for
parallel groove seal[10]

Pressure difference 5.88 (Bar)
Groove length (L,) 1.6 (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 35.2 (mm)

Number of groove 10
Clearance of groove seal (C,) 0.175 (mm)
Radius of groove seal 35.2 (mm)
Normalized inlet-tangential velocity 0.1

Inlet loss coefficient (&) 0.05

Pressure recovery factor (&) 0.95

Loss coefficient () 0.05

Rotor speed 500 (RPM)
Density 998.2 (Kg/m’)
Absolute viscosity 0.001 (N-s/m?)
Groove penetration angle (o) 0.008 (radian)
(n,, m;) for stator surface 0.079, —0.25
(n, m,) for rotor surface 0.079, -0.25
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Fig. 8. Calculation area and velocity contours for
parallel groove seal of Fig. 1.
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