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Stator Loading Influence on Vortex Structure in the Turbine Tip Cavity

HH S !

TASHIMA Tsuguhisa

Anestis I. Kalfas™?

ABSTRACT

5N

1ZUMI Naohito

A ez !

TSUKUDA Tomohiko

Reza S. Abhari*®

This paper presents a comparative investigation of two turbine test cases with different stator blade loading. The

flow features of main flow, cavity flow, and vortex structure in the cavity are discussed with the detail measurements

and CFD analysis.

The research attentions are focused on vortex structure in the cavity. The flow features in the cavity are

characterized with the followings; (1) The circumferential velocity is at a 7% higher in case of high loading stator.

This is due to the increased flow rate from the main flow to the cavity. (2) The circumferential velocity is affected

by cavity pressure field, decelerates at a high pressure region and accelerates at a low pressure region. (3) The vortex

strength is affected by the interaction between the main flow and the cavity flow. When the flow rate from the main

flow to the cavity increases, the vortex stretches and becomes stronger.
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Fig. 1 Schematic diagram of the two stage axial turbine
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4HP 4fL7a—7 Turbine inlet total temperature [degC] 378
HS, LS @&V IUT4 74 KV T4 54 STGI Blade count (stator / rotor) 48/48
PS,SS IEJEW, AEMm STG2 Blade count (stator / rotor) 48/48 36/48
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STGI, STG2 F1&, #H2K& Flow coefficient (Stage2) [-] 0.3
Loading coefficient (Stage2) [-] 1.0
AT Mach number (stator / rotor) 032 /0.1
in, out STGLAII, STG2HIT Reynolds number (stator) (**) 36x10°
t, S =%, AT 47 (**) This is based on stator axial chord length and exit velocity
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Fig. 3 Illustration of the inlet cavity
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Table 2 Measurement uncertainty ®

a b% P, P Ma
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Fig. 4 Overview of computational grid used in numerical
simulation
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Fig. 5 4-hole probe measurement results at Stator 2 exit
plane (HS)
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Fig. 6 4-hole probe measurement results at Stator 2 exit
plane (LS)
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Fig. 7 Radial velocity contour at # =1.0 plane. Red color
shows the outward flow to the cavity
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Fig. 8 Circumferential distribution of radial velocity at R =1.0
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Table 3 Radial mass flow rate at cavity inlet plane (R =1.0)
and leakage flow rate for HS and LS

HS LS
M _outward (kg/s) 0.1010 0.1175
M _return (kg/s) 0.0501 0.0662
M _leak (kg/s) 0.0509 0.0513
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Fig. 9 Generic cavity flow structure in an (R, Z) plane :
expected axial velocity distribution
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Fig. 10 Pitch-wise mass-averaged radial distribution of
axial velocity and absolute flow angle at Z =0.284
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Fig. 11 Radial velocity contour in the cavity

W2 A R LT 5729, Fig. 3ORMEMIE [F]
WCBWTHIE, FTmERE, B, A58 % K
FL, NS OO R % W ER TR L7,
Fig. 12, 1312B ORIz A irfiE < b, HSD 4
FyF, LSO3ZEYFZFERLTW5S,

Fig. 12 (aIZFED i % 7~ HSTIX 3 M, LST
ARG OE L NVOEBHN R SR, BEBEE
JIBLTW5, CoDZEBIRIZLSHAHSDLIIGE 22y, HHE
ATTHMOFERF v T 4 NERICD KR L9550

Fig. 12 (bIZ4&, 5 mEEE 2 B3 F v 7 # Mk

Download service for the GTSJ memper of ID | via 216.73.216.213, 2025/12/14.



Vol. 52 No. 4 2024.7

Z—ECHEAMICLS X vET A ABOREFHEIL 181

AL L CRd e R HEEE, LSAHSIZH AT 7 %
ko 72, REEMIEITIMA, ZBEH HLSHHS
LDV RECBST VA,

J& 75 1) BE AL #EE A (Fig. 12-a) &R L Tw
%o HSTEF v ¥ 7 4 WD AMEL % % 6 =45, 12,
195, 27degD &I TR AR IR K & 2D, Wi
F v BT A WHOEHE AN < % Z 0BT, &5 1R #EE
FENE Do 2O X ITHIINE, k2R ) & L
KRB LTEY, FEEkOMALSTS BlgE S5,

0.275
ACPs, LS = 0.0071
OﬂOQ\//KB(\qu\/;
8 0% 4 J N4
ACPs, HS = 0.0037
0.260
0.255
0 5 10 15 20 25 30
Circumferential position 6 [deg]
(a) Static Pressure
0.70
Avg| LS =0.0014 Avg.=0.678
0.68 3
- v A . N
" 0.66
2@ 0.64 Avg.=0.634
0.62 AVgHS=0/0011
0.60

0 5 10 15 20 25 30
Circumferential position 6 [deg]

(b) Circumferential velocity

Fig. 12 Area averaged circumferential distribution of
static pressure and circumferential velocity
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Fig. 13 Area averaged circumferential distribution of
circulation, radial velocity and stretching term
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Fig. 14 Schematic view of static pressure and vortex structure in the cavity.

Outward and return flow between the main flow and the cavity is also shown.
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