558 % 10 B O% X @ K F OF R Vol.58 No. 10
2024 4£ 10 A JOURNAL OF XI’” AN JIAOTONG UNIVERSITY Oct. 2024

BT NERBRETHETEREN BT

A HE. W, AR R
(V4 2 0 R G LB LT 710049 P4%)

HWE., A BRANEFREERAEFZFABRAAREERKE A RET AR EL2OR L THE
M., KRR RK M =43 2% &FEFHR AL (URANS) Fo SST ko i A ik HFR T 4
FHEALETTRERETHANYH A EfELFTRIFE, TRANAZ AL B RS
WHAITT M, FFREAN TR EMG A TAKB T RESMENHH R R ALEY
¥ i 3G e AT ] RN A9 AF W A S B 2 4 K Kelvin-Helmholtz R % % % va, 5 B K A
AbEHEFGOTERIREMN . FEZIEE S AAB R AR 4% MEIEAS RA, 2 A
MR EGZHAER P EMGRHT A RER L H 3T H AR NRK A HF MR
B R RE a4 id, it — F LR ANAZ, AR BE LI BEa THAD BT
e B A R ERAE AR BLE T AR RS IR, BT REL LA ERIKE
0,03 AT, ZARAMAETFRNERGRLFEIOETFTRANAZ A3 I, AR 3T A AT
TR YT R RAET — R RE,

KB . RAEF;RELGRHLEEFEI ELZF A RANZ AI R

FESES, TKA74.7 XEFEESG: A

DOI: 10.7652/xjtuxb202410009 X EHHS :0253-987X(2024)10-0095-13

Study on Characteristics of Unsteady Gas Ingestion in Gas
Turbine Double Radial Rim Seal

GUO Can, BAI Bo, LEI Long, LI Zhigang, LI Jun

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to solve the problem of thermal fatigue of components and decrease of turbine
aerothermal performance caused by gas ingestion, a double radial rim seal structure is proposed.
The sealing efficiency and unsteady flow pattern of the rim seal at four kinds of sealing coolant
flow rates are numerically investigated with three-dimensional unsteady Reynolds-averaged
Navier-Stokes (URANS) and SST kw turbulence model solutions. The characteristics of gas
ingestion and coolant egress are analyzed. The obtained results show that the inner cavity of the
structure can be completely sealed, and the sealing efficiency of the outer cavity increases with
the increase of the coolant flow rates. The larger Kelvin-Helmholtz unstable vortex influences the
unsteady flow pattern in the seal clearance. The mainstream directly impinges on the arc
structure connecting the disk cavity and blade surface, and mixes with the coolant. This flow
behavior generates the clockwise vortex, and prevents the coolant egress, showing the high

sealing efficiency area with on the left and the low sealing efficiency area with on the right. The
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large-scale anti-clockwise vortex is generated as the ingestion flow moves to the stator disk wall

under the function of the high-momentum coolant along the rotor disk wall, which further

prevents the gas ingestion. The coolant egress flows to the downstream along the blade endwall,

and is gradually lifted off the endwall because of the entrainment of the passage vortex. As a

result, the cooling effect on the endwall is reduced, and the cooling efficiency at the trailing edge

of the blades is reduced to less than 0. 03. The research provides reference for the unsteady gas

ingestion and sealing mechanisms of the gas turbine double radial rim seal and the influence of

sealing coolant on the downstream endwall.

Keywords: gas turbine; double radial rim seal; unsteady flow; gas ingestion; cooling efficiency
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Table 1 Geometric parameters of the double radial rim seal
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b¢/mm 1129.34
Si/mm 50

Se.ax.t/mm 24

Se.raa,/ MM 15

Se.ou/mm 12
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Fig. 1 Meridional plane of the 1. 5-stage turbine with the

double radial rim seal
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Fig. 2 Computational grid of the 1. 5-stage turbine with the

stator-rotor cavity double radial rim seal
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Fig. 7 Radial distribution of sealing efficiency on the rotor

and stator disk wall of the double radial rim seal
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swirl ratio in the middle of the stator-rotor cavity
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different coolant {low rates in the stator-rotor cavity
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Fig. 10 The variation of the sealing efficiency at the

monitoring points with time
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outlet at different coolant flow rates
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Fig. 13 The sealing efficiency contours and Kelvin-Helmholtz

vortices in the rim seal clearance at different times
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