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Abstract: To address the limited application effectiveness and unclear flow mechanisms of double-
wall cooling structures in the high-curvature leading-edge region of gas turbine vanes, a turbine
vane model incorporating a leading-edge double-wall structure (LEDWS) was established based
on the GE-E® vane with full-coverage film cooling. The influence of the double-wall configuration
on the flow and cooling pressure loss characteristics of the vane was investigated. Using the fluid-
thermal coupling method in Fluent, the cooling performance and pressure loss were comparatively
analyzed at leading-edge coolant mass flow ratios of 3.0% ., 4.0%, and 5.0%, and the flow
mechanisms were examined through streamline patterns. For the LEDWS vane, the variation
trends of the aforementioned performance were further studied under six blowing ratios. Results

show that under the experimental condition (4. 0% mass flow ratio), compared with the GE-E?
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vane, the coolant pressure loss of the LEDWS vane increases by 50. 6%, while the cascade total
pressure loss increases by only 0. 7%. The overall cooling effectiveness in the leading-edge region
reaches 0. 81, representing a 20.9% improvement. The impingement characteristics of the
double-wall structure lead to a significant reduction in coolant momentum. while the change in
coolant flow direction causes stronger inlet blockage vortices at film holes, thereby increasing
coolant pressure loss. This increase in pressure loss subsequently reduces the blowing ratio,
which decreases the coolant lift-off angle in most regions. Downstream of the leading edge, the
ejected coolant tends to detach from the wall due to turbulent entrainment induced by upstream
coolant structures. However, the reduced blowing ratio accelerates the turbulent dissipation of
upstream coolant, weakening the entrainment effect. This ultimately enhances film cooling

effectiveness. Combined with improved internal heat transfer, the overall cooling effectiveness of

the LEDWS vane is increased. Moreover, the overall cooling effectiveness at the leading edge of

60 %

the LEDWS vane increases with the blowing ratio and eventually stabilizes around 0. 84.
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Table 1 Geometrical parameters of GE-E* vane
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Fig. 1 Model and cooling configuration of GE-E* and
LEDWS vane
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Fig. 2 Schematic diagram of double-wall structure
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Table 2 Geometrical parameters of double-wall structure
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Fig. 5 Comparison of experimental and numerical prediction
results at the mid-blade section of the GE-E® vane,
and comparison of experimental and numerical prediction

results at the mid-blade section of the C3X vane
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