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Numerical Investigation of Internal and External Flow Interaction and
Overall Cooling Characteristics of Curvature Double-Wall Structures

ZHANG Kaiyuan, LI Zhiyu, LI Zhigang, LI Jun

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the unclear internal and external flow interaction and cooling characteristics
of curvature double-walls, the conjugate heat transfer numerical simulation method with
experimental validation was used in this paper, and the internal and external flow interaction and
overall cooling characteristics of planar, concave, and convex double-wall structures were
compared under three typical blowing ratios (0.4, 0.6 and 0.8). The study analyzed the mutual
influences of internal and external flows in curvature double-wall structures and revealed the
overall cooling characteristics resulting from the combined effects of internal and external flows.
The results show that curvature feature significantly changed the characteristics of hole ingestion,
impingement chamber crossflow, and outer wall attachment in double-wall structures. At low
blowing ratios, the concave double-wall structure had the largest film hole outflow area, with
significantly enhanced crossflow intensity and heat transfer in the impingement stagnation region.

The averaged overall cooling effectiveness of the outer wall can reach 0.54. The convex double-

ks B . 2024-07-03, EH T A RIBIH (1993—) . B I M FEGERER B 48 LA S0,
WH. ERARFFESEBIIH (52406053)
W 2% Wy RRF TR . 2024-10-23 2% HY R B IR : https: // link. enki. net/urlid/61. 1069. T. 20241023. 1041. 002

ba
&



o502

S IE IE L A o TR BE S ) B N S5 T Bl S R v BV BRI ST 51

wall structure showed enhanced downstream film cooling and impingement cooling, while

mainstream ingestion can reach the lower side of the film holes. At high blowing ratios, the

concave double-wall structure had the largest secondary vortex area in the coolant outflow region

below the film holes. The increased injection angle resulted in slightly lower cooling effectiveness

downstream of film holes. The convex double-wall structure had the weakest upstream backflow

in the impingement chamber, thereby achieving the strongest crossflow accumulation effect. The

averaged overall cooling effectiveness of the convex wall surface can reach 0. 73 at the fourth row

holes. This study can provide insights for the design of double-wall structural layouts in curved

components, e. g.,» turbine blades.

Keywords: curvature double-wall; flow interaction; film cooling; impingement cooling
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Fig. 1 Geometries of curved double-wall structure
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Fig. 2 Cooling layouts of double-wall structure
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Fig. 3 Computational domain meshes of double-wall structure
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Fig. 5 Turbulence model validation
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