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Large Eddy Simulation of Flow Resistance and Heat Transfer Characteristics
of Dual-Swirl Cooling on Turbine Blade Leading Edge
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Abstract: To clarify the heat transfer characteristics and the losses mechanisms of high-flow resistance
within a dual-swirl chamber, a high-precision large eddy simulation numerical method is used to
comparatively study the flow resistance and heat transfer characteristics of dual-swirl impingement
cooling and traditional vertical impingement cooling under the same impingement Reynolds number
(Re=10000). The heat transfer characteristics on the impingement target surface are evaluated
based on time-averaged Nusselt number distribution. The flow and vortex distribution characteristics
inside the impingement chamber are analyzed using three-dimensional streamlines and Q-criterion
contour maps. The comprehensive heat transfer coefficient is used to compare and evaluate the
overall heat transfer performance of the two cooling methods. The results indicate that the high-
speed strong shear flow formed on the target surface by dual-swirl impingement is the main

reason for enhancing convective heat transfer, while the heat transfer enhancement brought by
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the swirling cross flow is not significant. Compared to vertical impingement cooling, the Nusselt

number distribution on the target surface of dual-swirl impingement is more uniform, and the

high Nusselt number region has a wider distribution range along the spanwise direction. The

circumferentially averaged Nusselt number at the leading edge is significantly increased at various

flow positions. A large axial vorticity appears in the central swirling region of the dual-swirl

cooling chamber, leading to a significant total pressure drop in this region. The area-averaged

Nusselt number of the entire dual-swirl chamber is increased by 11. 90% compared to vertical

impingement cooling. Even with a 38. 32% increase in total pressure drop, the comprehensive

heat transfer coefficient is improved by 0.42% compared to vertical impingement cooling.

Keywords: blade leading edge of gas turbine; double swirl cooling; normal impingement cooling;

large eddy simulation
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Fig. 1 Schematic diagram of typical gas turbine blade
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Fig. 2 Geometric parameters of the computational domain for

double swirl cooling and normal impingement cooling
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Table 1 Comparison of geometrical parameters for double

swirl cooling and normal impingement cooling
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Fig. 3 Schematic diagram of boundary conditions
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