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Assessment of Rim Seal Performance under Rotor Axial Displacement
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ABSTRACT

Computational fluid dynamics (CFD) simulations were performed to assess rim seal performance under rotor axial
displacement. A single radial clearance rim seal geometry was employed, and the predictive capability of the CFD methodology
was evaluated against experimental data obtained from a 1.5-stage turbine rim seal test. The Reynolds-averaged Navier-Stokes
(RANS) approach exhibited a slight overprediction of sealing effectiveness relative to the measurements; nevertheless, the level
of agreement was considered sufficient to validate the methodology, and the use of more computationally demanding transient
simulations was deemed unnecessary. The analysis confirmed a strong association between the swirl component of the main
flow and hot gas ingestion. Rotor axial displacement was shown to modify both overlap length and axial clearance. In the
upstream cavity, the reduction of overlap length in combination with increased axial clearance resulted in decreased sealing
effectiveness, whereas the downstream cavity exhibited improved effectiveness under the same conditions. These results
demonstrate that rim seal performance is sensitive to variations in overlap and axial clearance even when radial clearance is
held constant. Furthermore, a pronounced decline in sealing effectiveness was observed when overlap length was reduced

beyond a critical threshold, indicating the necessity of establishing design criteria with respect to seal overlap.
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Table 1 Test rig operating conditions & dimensions

Disk speed (rpm)

Operating parameters

3,000 4,000

Rotational Reynolds number, 7,

7.2x10° 1.0 10°

Axial Reynolds number, fe,

2.1x10° 3.4x10°

Flow coefficient, Cp.

0.29—0.41

Vane exit Mach number, M

0.23—0.37

Geometric parameters

Dimension (mm)

h (span) 25
b (stator side cavity shroud radius 190
S (cavity gap) 20
Scar 2
Serad 1.28
Soverlap 1.86
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Table 2 Operating conditions & boundary conditions
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Table 3 Mesh sensitivity test results

Parameters Elements Sealing Effectiveness
Rotational Reynolds number, I, 7.2x10° Coarse 58 M 0.8344
Axial Reynolds number, e, 2.1x10° Medium 10.1 M 0.7996
Flow coefficient, Cj. 0.29 Fine 153 M 0.8010
Boundary conditions
Inlet Velocity

(air ideal gas) Total temperature

Outlet Static pressure

Purge 1 & 2 Mass flow rate

(air ideal gas + 1% CO2) Total temperature
Disk speed RPM (3,000)

Fig. 4 Computational grid
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Table 4 Purge flow boundary conditions

Sealing flow parameters Upstream Downstream
e P Cavity Cavity
Case 1 0.008 0.005
Case 2 0.012 0.007
Case 3 D, 0.016 0.010
Case 4 0.024 0.013
Case 5 0.048 0.030
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Fig. 6 Sealing effectiveness along the sealing flow parameters
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Table 5 Rim seal geometric specifications

d PP Upstream Downstream
Geometric specifications ) '
Cavity Cavity
overlap 1.86 mm 1.86 mm
Baseline
S 2.00 mm 2.00 mm
overlap 1.26 mm 2.46 mm
D1
S 2.60 mm 1.40 mm
overlap 0.66 mm 3.06 mm
D2
Seax 320 mm 0.80 mm
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