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Secondary Flow Control in the Turbine Cascade with the
Three-Dimensional Modification of Blade Leading Edge
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Abstract

The blade leading edge is modified to control the secondary flow generated in the turbine cascade
with fence by intensifying the suction side branch of the horseshoe vortex. The incompressible
Navier-Stokes equations are numerically solved with a high Reynolds number k— ¢ turbulence closure
model for investigating the vortical flows in the turbine cascade. The computational results of total
pressure loss coefficients in the wake region are first compared with experiments for validation. The
structure and strength of the passage vortex near the suction surface are examined by testing various
geometrical parameters of the turbine blade leading edge.
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Fig. 1 Vortex system in the turbine cascade (Kawai,
1989)
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Table 1 Cascade design data

Blade chord ( C ) 230 mm
Axial chord / chord (C,, /C) 0.704
Pitch / chord (P/C ) 0.75
Aspect ration (H/C) 2.0
Blade inlet angle ( 3, ) -35°
Blade exit angle ( 3; ) 72.5°
Turning angle 107.5°
Table 2 Flow condition
Reynolds number ( Rec) 190,000
Boundary layer thickness ( &) 24 mm
Displacement thickness ( §*) 3.20 mm
Momentum thickness ( §™") 2.47 mm
Shape factor ( H,= §*/8™) 1.29
Turbulent intensity 0.7 %

Axial Chord / Outflow
e

Chord

Inflow

amber Line

Fig. 2 Cascade geometry and coordinate system
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Fig. 4 Geometrical parameters of the blade leading
edge

Table 3 Modification parameters
X Cox x4
a b [ d hl h2
0.02 0.08 0.60 0.32 0.5 2.0
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Fig. 5 Meshes with leading edge modification (1/3
§-fence, 160X 60 X 48)
25 T T T T
20:_ —o—— WO LE Mod. ]
, ~——&—— With L.E. Mod.
o 15f .
g I i
v 10 B
sf .
0' | Lo o1 !
0 0.2 04 06 0.8
x/C,,
Fig. 6 Streamwise vorticity distribution (suction side

leg of the horseshoe vortex)
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Fig. 7 Traces of vortexes in the cascade flow
passage
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(b) With L.E. modification

Fig. 8 lso-surfaces of the non-dimensional streamwise
vorticity ( Cw,/U=-10, 10) along the cascade

flow passage
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Fig. 9 Streamwise vorticity contours (left: w/o mod.
right: with mod.)
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Fig. 10 Streamwise vorticity distribution (passage
vortex between the suction side wall and

the fence)
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Fig. 11 Modification test cases

Table 4 Geometry modification parameters of the
leading edge near the endwall

X C o X 6

a | b | c | d | n | m
Ref. | 0.02 | 0.08 | 0.60 0.5
Al | 0.00 | 0.08 | 0.60 05
A3 | 0.04 | 0.08 | 0.60 0.5
Bl | 0.02 | 0.06 | 0.60 | 0.5

0.32 2.0
B3 | 0.02 | 0.10 | 0.60 0.5
ct 1002 [ 008 050 0.5
c3 | 0.02 | 0.08 | 0.70 0.5
H3 | 0.02 | 0.08 | 0.60 1.0
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Fig. 12 Streamwise vorticity distribution (passage
vortex between the suction side wall and
fence)

Fig. 13  Iso-surfaces of the non-dimensional
streamwise  vorticity ( Co,/U=-10, 10)
along the cascade flow passage (Case B3)
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