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EXPERIMENTAL STUDY ON REDUCTION OF SECONDARY FLOW
IN ULTRA-HIGHLY LOADED AXIAL TURBINE LINEAR CASCADE
-INFLUENCE OF HEIGHT OF LEADING EDGE FILLET-
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The leading edge fillet (LEF) is known to be effective for the reduction of the horseshoe vortex, which is a

predominant secondary flow in the turbine cascade. Since the pressure side-leg of the horseshoe vortex and the

passage vortex have the same sense of rotation and merge with each other, the LEF may also reduce the passage
vortex. In this study, two types of LEF with different heights were applied to the ultra-highly loaded axial turbine

linear cascade (UHLTC) with the allowable maximum turning angle of 160 degrees. The effectiveness of LEF on

the UHLTC was verified by performing internal flow measurements and oil flow visualizations on the solid walls.
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Fig.2 Test blade

Table 1 Specifications of cascade
Number of blades N [-] 8
Chord length C [mm] | 80.0
Axial chord length C, [mm] | 68.5
Blade pitch S [mm] |114.28
Blade height H [mm] | 100.0
Inlet metal angle «; [deg.]| 80.0
Outlet metal angle a, [deg.]| 80.0

Height [mm]
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Fig.3 Contour of endwall around blade leading edge
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Fig.4 Measured planes

Table 2 Locations and numbers of measured points

Numbers of measured points
Plane|Z/Cax Pitch | Span | Total
1 |0.70 14 49 686
2 [1.10 41 35 1435
3 [1.30 41 35 1435
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Fig.5 Oil flow visualization on endwall
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Fig.6 Oil flow visualizations on SS and endwall

near inlet of turbine cascade
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Fig.7 Oil flow visualization on SS
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Fig.8 Secondary flow velocity vectors (Planel)
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Fig.9 Pitchwise mass-averaged Csk (Planel)
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Fig.10 Pitchwise mass-averaged Cpt (Planel)
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Fig.11 Secondary flow velocity vectors (Plane2)
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Fig.12 Pitchwise mass-averaged Cp: (Plane2)

Hub {1 028 Hub I~ BN L, S 512 Hub fllZ b
ATHXIC Tip ORI R eofcled B2 b
5. £, FOTUMLEIL Type3 DIE5 0 Type2 LV b
Hub N BB LTV A, 2L, H5IC Typed TikE
BRI IEAE L2y o 12 2 v D, Type2 I~ o
FENIH SN EEZBND.

12 £ Y Cpip DAEIE Y/H=0.0~0.3 23 T Type2, Type3
DIFH Typel LV HIEL 2> TS, ZHud, Hub HIFEE
WA 11 ICHB VT YH=0.2 (fHRICHFET 2 2 L 2vh,

2R ~_72 Hub MIBEESHOHE /MW E USRI 5K
DK L7z B2 6D, X5IZ, Type2 & Typed &
O THELT 5 &, YIH=0.1~0.2 [ZBWTHEEDH A Corp
1L 2o TWA. 2L, Typed TIEEBFEMAR AL
oo Z LK, Type2 £V LI OIEEI P <
nicizbrEz6Nn5.

LI EOFERND, UHLTC ~ORTRE 7 4 L b O
B & MBI OFEE M, TN DHICERT 5
WAV R AR ST 2R a2 At Z 3 oo,

ALY, Bifk7 « > b 2BEsAmts — e
EARESNCEAT 5 Z LI R LT oflimE 5.
1 #i&7 «4 Ly FOBEME, BEIEREERSES 2L
(Z XD FEImOFEEEZME L, £ HICERKT D Kk
FNBRRZ TS ES.

2. Hitx7 4 Ly FOWEMIE, Hub (IHEE i 0 5812 0 il
KD, VR AN S Tip RIGEEE & OFHLE

Z Hub fI~BEh S8 5.

3. T4y MESOEINT, BEIE & R oM
FIZRAZ®mDO D Z LITE D, TRHITERRT D R
MRKRDIKBEN R Z M EESE 5.

SEXH

1)G. A. Zess, and K. A. Thole, : Computational Design and
Experimental Evaluation of Using a Leading Edge Fillet on a
Gas Turbine Vane, Journal of Turbomachinery, Vol. 124(2),
pp. 167-175, 2002

2)Z.J. Wei, W. Y. Qiao, J. Liu, and W. H. Duan, : Reduction
of endwall secondary flow losses with leading-edge fillet in a
highly loaded low-pressure turbine, Proceedings of the
Institution of Mechanical Engineers Part A Journal of Power
and Energy, Vol. 230(2), pp. 184-195, 2016

LT —, WM —W, RS, KAFE, ILAFE :
B v BT [ELR &7 — 2 o BB BRI LT PN 0D 3t AL oD H i fi
Hr,  FAKER A2 AL SRS 40 Bt - RRTH TR
Sc#E, No. 051-1, pp. 12-13, 2005



