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Abstract: To address the limited cooling effectiveness of conventional discrete film-cooling holes
at the leading edge of heavy-duty gas turbine blades and the tendency of the coolant to detach
from the wall, a slotted-channel film-cooling structure is proposed. Numerical simulations based
on the Reynolds-averaged Navier-Stokes (RANS) equations are performed to investigate the
effects of the structure, its lower-edge geometries (transverse, serrated, and arc-shaped
grooves) , and blowing ratios ranging from 0. 7 to 1. 5 on film-cooling flow and heat-transfer
characteristics. It is shown that, compared with conventional discrete holes, film detachment is
effectively suppressed by the slotted-channel structure, and a stable and continuous near-wall film

is formed within approximately three hole diameters downstream of the coolant outlet, with the
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average film-cooling effectiveness increased by up to 77. 7%. Blowing-ratio sensitivity analysis

shows that when the blowing ratio increases to 1.5, although the uniformity of the temperature

distribution at the coolant outlet decreases, the proportion of near-wall coolant flow increases,

and the overall cooling effectiveness is still enhanced. Flow separation is significantly affected by

the lower-edge geometry. Lateral diffusion is enhanced by secondary flows induced by the

serrated groove, and the best film attachment is achieved, with the cooling effectiveness further

increased by 27. 3% compared with the transverse groove. For the arc-shaped groove, the cooling

effectiveness is increased by 19. 8% compared with the transverse groove through a reduction in

local flow resistance. A theoretical reference for the biomimetic design of high efficiency leading-

edge cooling structures for heavy-duty gas turbine blades is provided by these results.

Keywords: flow and heat transfer; film cooling; blade leading edge; slotted-channel
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Fig. 1 Schematic diagram of three-dimensional model of blade

leading edge
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Table 3 Total pressure loss coefficient under different

blowing ratio
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