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Abstract: To control the endwall losses caused by the secondary flow in a typical low pressure turbine cas-
cade, a teardrop leading—edge fillet was introduced into it and a series of numerical simulations were carried out
to obtain its optimal design parameters. The control variable method was first used to study the influence of single
design parameter variation on flow control effect. Then, the uniform design method was used to investigate the
flow control effect among different design parameter variations by numerical simulation, and the optimal design
for controlling secondary loss was obtained. The results show that the optimal fillet obtained by control variable
method could reduce the total pressure loss by about 6.1%, while the optimal fillet obtained by uniform design
method could mitigate the total pressure loss by about 8.61%. A detail of flow analysis show that the optimal fillet

obtained by uniform design method could further lower horseshoe vortex intensity, delay development of the pas-
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sage vortex and reduce its influence range in mainstream as compared to that obtained by control variable, thus

proving the feasibility of using uniform design method to optimize teardrop leading—edge fillet from the aspect of

flow mechanism.

Key words: Turbine cascade; Endwall secondary flow; Teardrop leading edge; Control variable; Uni-

form design
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Table 1 Main design parameters of T106A cascade

Parameter Value/mm
Blade height A 375
Chord ¢ 198
Axial chord b 170
Pitch p 158
1.0
— Trigonometric
—— Teardrop
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X

Fig.1 Comparison of trigonometric curve and teardrop

curve
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Fig.2 Comparison of leading edge fillet profiles and main

design parameters
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(a) Cascade mesh

(c¢) Teardrop fillet
Fig. 3 Grid division and detail display

(b) Original profile
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Fig. 5 Static pressure coefficient at 50% blade height
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Fig. 4 Grid independence verification

(b) Boundary layer shape factor
Fig. 6 Friction coefficient and boundary layer shape factor

near the hub
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Table 2 Results of uniform design calculation for

parameters of teardrop leading edge

Samples Lic, LJC, L /mm 81%
1 0.35 0.60 9.0 4.17
2 0.40 0.90 7.5 4.32
3 0.45 0.55 6.0 3.74
4 0.50 0.85 4.5 3.70
5 0.55 0.50 9.5 5.34
6 0.60 0.80 8.0 3.85
7 0.65 0.45 6.5 5.14
8 0.70 0.75 5.0 6.43
9 0.75 0.40 10.0 7.95
10 0.80 0.70 8.5 8.61
1 0.85 0.35 7.0 7.33
12 0.90 0.65 5.5 6.35
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Fig. 8 Spanwise distribution of flow angle at cascade outlet
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Fig. 9 Total pressure loss coefficient and contour of axial
vorticity(s") at 110%C, from the blade leading edge
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Fig. 10 Static pressure distribution along the spanwise of

the blade leading edge
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(¢) Case 2
Fig. 11 Limit flow diagram of the blade leading edge
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