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Abstract: For the impingement-film composite cooling structure, the conjugate heat transfer and
flow characteristics of five composite cooling systems, including traditional jet impingement,
extended jet impingement, and small-distance jet impingement, in combination with cylindrical
film holes and fan-shaped film holes, are compared by using experimental and computational
approaches. Infrared thermography is used in experiments to obtain overall cooling effectiveness
of the outer wall surface under three blowing ratios: 0.6, 1.0 and 1. 5. The computational approach is
used to further reveal the flow and heat exchange characteristics of internal cooling details. Results show

that the extended jet impingement hole structure can enhance the internal heat transfer coefficient without
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generating additional aerodynamic losses, which in turn improves overall cooling effectiveness by

a small amount, ranging from 1.2% to 4. 6%, but the improvement decreased with the increase

of the coolant mass flow rate, that reducing the impingement distance can enhance the internal

impingement heat transfer performance., which had no significant effect on overall cooling

effectiveness and that the use of fan-shaped film holes can significantly improve the external film

cooling performance,

and the enhancement was greater than that through the internal

optimization structure using extended jet holes. Compared with the traditional composite cooling

structure of cylindrical film holes combined with impingement, the extended jet impingement

scheme based on fan-shaped holes can improve the area-averaged overall cooling effectiveness by

7.6% to 8.5% and improve discharge coefficient by more than 30% under the same amount of coolant.

Keywords: conjugate heat transfer; extended jet impingement; film cooling; overall cooling effectiveness
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Fig. 1 Schematic view of test system and section for impingement-film composite cooling
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hole arrangements
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Table 1 Parameters of conjugate heat transfer analysis
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Fig. 9 Laterally-averaged overall cooling effectiveness of three blowing ratios for different cooling configurations
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