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Numerical Investigation on the Unsteady Flow Characteristics and
Sealing Effectiveness of Rim Seals in a 1. 5-Stage Gas Turbine
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(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To investigate the mechanism of hot-gas ingestion and unsteady sealing effectiveness of
the rim seals in gas turbines, a rim seal configuration was designed for the first stage and second
vane (1.5 stages) for a certain type of heavy-duty gas turbine. The unsteady sealing effectiveness
and flow structure under actual turbine operating conditions were numerically studied by solving
the three-dimensional unsteady Reynolds-averaged Navier-Stokes (URANS) equations using SST
k-w turbulence model. The results show that the areas below the sealing teeth of the front and aft
cavities are completely sealed under four different cool air flow rates. The {ront cavity is more af-
fected by gas ingestion. When cool air flow rate is maximized, the average sealing effectiveness
on the surface of the static disc of the outer cavity in the front cavity is only 48. 2% of that in the

aft cavity. The sealing effectiveness inside cavities and the flow field within the rim clearance are
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jointly affected by non-axisymmetric circumferential pressure distribution on the endwall near the
rim seal and Kelvin-Helmholtz (K-H) instability vortices. For the front cavity, non-axisymmetric
circumferential pressure near the outlet and the intensity of the K-H instability vortices within the
rim clearance are significantly greater than those of the aft cavity. The maximum ingestion flow
rate at the rim clearance is about 2.5 times that in the aft cavity. Compared with the K-H insta-
bility vortices, two coherent vortices associated with the instability vortices and non-axisymmetric
circumferential pressure distribution existing inside the outer cavity of the aft cavity have a more
significant effect on the sealing effectiveness and flow field. Furthermore, there are multiple vor-
tices inside the front and aft cavities. The size and position of these vortices change continuously,
altering the flow resistance of the ingested hot gas and sealing coolant, thereby affecting the seal-
ing effectiveness and flow pattern inside the cavities.

Keywords: gas turbine; rim seal; unsteady flow characteristics; sealing effectiveness; numerical

simulation
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Fig. 1 Computational model of 1. 5-stage gas turbine
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Table 1 Geometric parameters of 1. 5-stage turbine cascade
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i 48 96 48
LS/ (O 37.75 65.08 51. 80
AR O /) 14.95 20. 45 17. 39
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Fig. 2 Rim seal configuration of 1. 5-stage gas turbine
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Table 2 Geometrical parameters of the rim seal

i & REE =4 K
Ste.ox /MM 21.5
Sie.rad /MM 8.5
Sk overlep /MM 7.7
g Ste.raa/ mm 9.6
St overlep /MM 4.0
Si/mm 72.6
b /mm 1239.0
Sic.ax/ MM 25.3
Sicored/ MM 12.6
J& B Sic.overlap / MM 18.0
S./mm 59.5
b,/mm 1222.0
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Fig. 3 Computational grid of the 1. 5-stage axial turbine

with rim seal
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Fig. 4 Time-averaged sealing effectiveness in cavities at

different grid-point numbers
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Table 3 Boundary conditions of numerical simulations

X 15 S8 A
#EORR/K 1718
HEO R/ Pa 1697 200
= E
H 0/ Pa 526 550
AF CO, B3/ % 0
B ANEE/K 700
i X 0.25,0.50
Ly M/ %
0.75,1.00
R CO, B3 % 3
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direction at different sealant flow rates in the front
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Fig. 11 Unsteady sealing effectiveness and FFT analysis of

monitors at rim clearance in front and aft cavities
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