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Abstract: Based on previous studies, this paper proposes a novel multi-stage swirl cooling struc-
ture with different-side nozzles to further enhance the leading-edge swirl cooling and heat transfer
uniformity of gas turbine blades, and tackle high pressure loss caused by flow deflection between
adjacent stages of the multi-stage swirl cooling structure at the leading edge. The models of the
original multi-stage swirl cooling structure on the same side and the new multi-stage swirl cooling
structure on the different side are established; the flow and heat transfer characteristics of these
two swirl cooling structures at multiple inlet Reynolds numbers are analyzed and compared with
the three-dimensional steady numerical simulation method under constant target surface tempera-

ture. The calculation results show that the coolant is injected into the swirl chamber through tan-
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gential nozzles to form high-speed swirl flow, which significantly improves the heat transfer ca-
pacity. For single-stage swirl cooling, the circumferential velocity of coolant gradually decreases
while the axial velocity increases, leading to the gradual formation of a cross flow. The cross flow
impacts the downstream jet flow and weakens the downstream heat transfer. The multi-stage
swirl cooling structure can inhibit the cross flow, and the average circumferential Nusselt number
is increased obviously. However, the flow deflection between the adjacent stages of the original
multi-stage swirl cooling structure on the same side brings high pressure loss. With the advanta-
ges of the original model, the multi-stage cooling structure on the different side reduces the pres-
sure loss by 22% , improves the uniformity of coolant distribution, and further enhances the over-
all heat transfer performance of the swirl cooling structure.

Keywords: blade leading-edge; multistage swirl cooling; heat transfer enhancement; cross flow
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Fig. 1 Schematic diagram of three kinds of swirl

chambers
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Fig. 2 Dimensions and three-views of three kinds of swirl

chambers
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Table 1 Dimensions of swirl chambers
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Table 2 Axially positions of nozzles
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Table 3 Boundary conditions of swirl cooling calculation
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Table 4 Surface averaged Nusselt number of different mesh

4

strategies at Re=20 000
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Fig. 3 Grid diagrams of different swirl chambers
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Table 5 Deviation between simulation results and experi-
mental data of circumferential mean Nusselt num-

ber of nozzle outlet locations in four turbulence

models
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Fig. 6 Velocity contour diagrams and streamline diagrams of
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the vertical section of the swirl chambers
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Fig. 11 Nusselt number distribution on the target surface
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