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ABSTRACT

Labyrinth seals are commonly used in various kinds of turbomachinery to reduce leakage flow. In the present 3D CFD
analysis of see-through-type labyrinth air seal, the methodology of determining leakage and rotordynamic coefficients is
suggested with the relative coordinate system for steady-state simulation. The leakage flow and rotordynamic forces predicted
by using different solvers and turbulent models of FLUENT are compared with the results of the existing bulk-flow analysis
code LABYSEAL.FOR and experiment. The present CFD result of direct stiffness(K) shows only improvement in prediction.
The results of leakage and rotordynamic coefficients as well as computing time are sensitive against the used solver and
turbulent model.
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Table 1 Geometry and operating conditions for the test

— 254 case from Ref.®

%

Geometry
c, Radius of seal rotor (Rs) 75578 mm
m’f _L Tooth height 3.175 mm
W * 1 Tooth pitch 3175 mm
Tooth width 0.152 mm
—— )

R
# Number of labyrinth teeth 8
Fig. 1 Teeth-on-stator type labyrinth seal, unit : mm (Pelletti") Operating condition
Inlet pressure(P;,) 79 bar
Outlet pressure(Poy) 5.3 bar
12.00
Inlet swirl ratio 0
Rotor speed 5030 RPM
Seal clearance(C;) 0.229 mm
I 8175 Inlet temperature 300 K
0.152 Gas constant 287 J/(Kg'K)
Fig. 2 Geometry of labyrinth seal, unit : (Pelletti"™) Specific heat ratio 14
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> Rotor

Fig. 4 Relative coordinate system and boundary conditions for
steady state analysis(Qt=0)
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Fig. 5 Grid generation for computational domain

Table 2 Grid dependence check for leakage, Fx/e and Fy/e at Q=0.

No. of grid | 3300x10° | 6,190x10° | 8290x10° | 13,020x10°

leakage

Kg/s) | 007

0.0652 0.0639 0.0633

Fv/e

Nm | 2

24924 26987 27381

Fye

Nm | P

-41919 -38360 -37082

0.069 4

0.068 -

0.067 -

0.066

0.065 -

leakage (kals)

0.064 -

0.063 -

T T T T 1

2 4 51 8 10 12 14
Number of mesh x 10"

Fig. 6 Leakage vs. number of grid
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Contours of Static Pressure (pascaly Sep 14, 2014
ANSYS FLUENT 14.0 (34, dbns imp. ske)

Fig. 7 3D CFD result of static pressure distribution through seal length

| Walocity Vectors Colored By Velocty Magnitude (mvs) Sep 14,2014
ANEYS FLUENT 14.0 (3d. dbns imp, ske)

Fig. 8 3D CFD result of velocity profile
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Fig. 9 3D CFD result of pressure at the section of z=19.69 mm
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Table 3 Comparison of results between experiment, Bulk-flow
model and 3D CFD

K k C leakage
Model Nml | INml | IN-s/ml | [ke/s]
Pelletti’s 39180 | 9500 20 | 0055
Experiment
Bulk-flow ~10,000 | 32,000 64 | 00584
model
CFD DBS
STD ks -363%5 | -47119 | -92497 | 006387
CFD PBS
STD ks 17219 | -78824 | -12288 | 007245
CFD PBS
Reddizble e | 19168 | 41265 | 5232 | 008226
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