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Flow field structure analysis in straight and bowed
turbine vanes under cooling air mixture
LI Hai-bin, FENG Guo-tai, CHEN Fu

(School of Energy Science and Engineering, Harbin Inst, of Technology, Harbin 150001, China)

Abstract: To deeply understand the effects of different blade bowed angle on flow field structure in air cooled turbine cascade,
the cascade flow field was numerically simulated under different air injections and different blade bowed angles at low speed. The de-
velopment of secondary flow in cascade was analyzed. The physical quantity swirl was used to analyze the vortex system and secondary
flow distribution. The results show that the secondary flow gather on the blade surface, endwall and nearby trailing edge and cooling
air holes; the counter radial secondary flow on pressure surface was observed with injection from leading edge, this phenomenon be-
came more obvious as the blade bowed angle increasing; with injection from multiple rows of cooling air holes, the limiting streamlines
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on suction surface showed obvious fluctuant flow, the amplitude of fluctuation increased as the blade bowed angle increasing.
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Fig.2 Swirl near blade surface along X axial chord (no film cooling)
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Fig.3 Swirl near blade surface along X axial chord (1 row of cooling air holes)
2.5x10° 2.5x10" 2.5x10°
2.0x10° 2.0x10° 2.0x10* H~
G 1ox10° %5 1Lox1o* e 10x10*
5 5 " [
5 -1.0x10* A -1.0x10°f— E—l.ﬂxlﬂ' }
-2.0x10* -2.0x 10: -2.0x10*
4 4
~2.5%10 0 05 —2.5:»(10( 05 -2.5x10 0 05 1
X/Cax X/Cax X/Cax
() Straight blade (b) Bowed blade with 10° (c) Bowed blade with 20°

Fig.4 Swirl near blade surface along X axial chord (9 rows of cooling air holes)
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(b) Bowed blade with10°
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Fig.5 Swirl contours distribution on x cross sections (no film cooling)
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(s) Straight blade

(b) Bowed blade with10°

Fig.6 Swirl contours distribution on x cross sections (1 row of cooling air holes)
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() Bowed blade with 20°

Fig.7 Swirl contours distribution on x cross sections (9 rows of cooling air holes)

Fig.8 Detail of Figure 5 (a)
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(a) Straightblade (b) Bowedbladewith10° (c) Bowedbladewith20°

Fig.9 Limiting streamlines on blade
surface (no film cooling)
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(a) Straight blade (b) Bowedbladewith10° (c) Bowedbladewith20°

Fig.10 Limiting streamlines on blade
surface (1 row of cooling air holes)
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(a) Straight blade (b) Bowedbladewith 10° (¢) Bowedbladewith 20°

Fig.11 Limiting streamlines on blade
surface (9 rows of cooling air holes)
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