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Stator Loading Influence on Vortex Structure in the Turbine Tip Cavity
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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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LE, TE ik, iz Tip/Hub diameter [mm] 800/620
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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
4HP 0.3° 0.5° 80 Pa 150 Pa 0.6%
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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

BFHEEOCFDiER T v % —XTH b, Fig TICHEKR
TRTIEERM, SRR OS M EZ R L T,
ELOIZ, LSOEFEmM A BN E D i OF# % &t
W9 %o EFELZ G L 223 S ER R AVR EE 2 3 - T,
F v UF 4 ANCHGES 5 & — 5 kA & ot
BHUIHD D, EHIHIEMO Y 25 7 PR eE Tk
Y2y FREED R Y ¥ ¥ ZRFIC & ) B85 s X
OFN TA]l PEEENE, ZomEHLEy 25
FaifgE L3R C 2 I aan, BN KRR ) o
M [B) 2%, HBEEMIIEREIR Y o [Cl 25 S h
5o

WICIEETM & AE M oI % ki3 5. HS, LS
EBWIEEEMCEHARMDO TN E RN [D] 255
B BigE s, Fig 7T 2 L, IEEHME O}
BRH GRS L TWwb, F72, WBIZL 5 T
i [E] ZEERINCHERTHET > Twb,
HSELSZ RIS 5 &, ¥ 29 Nl X ith
[A] LEEEBEO TSN [E] BLSAKEL, X
DERVWIRBATER SN TWE EEZ bLAh,

(a-1) Pressure side
(a) HS

(a-2) Suction side

(b-2) Suction side

(b-1) Pressure side
(b) LS
Vrad [Utip [[]  -0.15 s wm 0.15

Fig. 11 Radial velocity contour in the cavity
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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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