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Fig.1 Schematic diagram of film cooling of turbine blade
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Fig.2 Comparison of film cooling holes processed by electrical discharge machining and

nanosecond—femtosecond laser
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Fig.3 Schematic diagram of turbine blade film cooling holes processing system
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Fig.4 Theoretical three-dimensional model of turbine blade
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Fig.8 Processes in film cooling holes
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Table 1 Circularity and taper under different taper parameters
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Fig.11 Film cooling hole by nanosecond—femtosecond laser
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Fig.12 Turbine blades with processed film cooling holes
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Table 2 Online parameters detection results of partial film cooling holes
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Fig.13 Offline systematic diameters detection results of film cooling holes
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Process of Turbine Blade Film Cooling Holes by Nanosecond and
Femtosecond Laser Pulses

JIANG Qilin, CAO Kaiqgiang, CHEN Long, FENG Chaopeng, JIA Tianqing, SUN Zhenrong
(State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200241, China)

[ABSTRACT]

proposed and a system was set up based on nanosecond laser and femtosecond laser pulses. A 3D scanner was used to

To meet the demand of strict process of turbine blade film cooling holes in aero-engine, a method was

compensate errors of coordinates accurately in process of film cooling holes. Combining high-efficiency feature of 532nm
nanosecond laser with high-precision feature of 400nm femtosecond laser, eighty-one film cooling holes were processed in
each of stainless-steel turbine blades. Deviations of the diameter are kept within 10um and the position errors are no more
than 50pum. Profiles of film cooling holes are in good condition and no resolidified layer or microcracks are found under
the detection of industrial computer tomography and high magnification microscope. High-quality film cooling holes are
processed with no interference.

Keywords: Turbine blade; Film cooling; Nanosecond laser; Femtosecond laser; 3D scanner; Laser process technology
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Review on Advanced Film Cooling Hole Shapes

WANG Haitao, ZHANG Wenwu, GUO Chunhai

(Zhejiang Provincial Key Laboratory of Aeroengine Extreme Manufacturing Technology,
Ningbo Institute of Materials Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201, China)
[ABSTRACT]

This paper focuses on film cooling technology, compares hole shapes at home and abroad, introduces the mechanism of the

The film cooling technologies can significantly improve the high temperature resistance of turbine blades.

interaction between the main stream and the secondary flow, analyzes the influence of the cooling gas distribution on the
film quality, and summarizes the effect of film cooling technology on aero-engine performance. A detailed discussion is
carried out from the interactive flow field, hole shapes, hole accessory structure (tabs, slopes) and hole arrangements. There
are four main routes for improving the cooling efficiency: (1) Reducing the strength of the kidney vortex; (2) Producing
a pair of anti-kidney vortices; (3) Using groove structure; (4) Changing the outlet pressure distribution. Through the
discussion and analysis of the hole shapes and accessory structures, it could provide guiding ideas for the optimal design of
film cooling holes.

Keywords: Film cooling holes; Hole shapes; Hole arrangements; Tabs; Slopes; Cooling efficiency; Aerodynamic loss
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