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Study on Fluid-Structure Coupling Characteristics of Gas Turbine Blade
Swirl Cooling under Different Coolant-Gas Temperature Ratios
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Abstract: The fluid-structure coupling method was utilized to simulate and analyze the swirl cooling
structure of gas turbine high temperature blade. The flow and heat transfer characteristics of swirl cool-
ing, and the temperature, thermal stress and thermal strain distribution of blade leading edge solid were
explored under the conditions of different coolant-gas temperature ratios. Results show that under the con-
dition of a certain Reynolds number at the intake chamber inlet, as the temperature ratio increases, the
coolant density decreases, the coolant flow velocity gradually increases, there is an increase in turbulent
kinetic energy at the same time, and the target wall Nusselt number gradually increases. Since the cool-
ant flow velocity is lower when the temperature ratio is low, the amount of heat taken away by the coolant

per unit time is less. When the temperature ratio is relatively high, the coolant temperature is higher,
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and the heat absorbed per unit mass of the coolant is limited, so the heat flux for the target wall increases

first and then decreases. Affected by the heat flux distribution, the blade leading edge solid temperature,,

thermal stress and thermal strain will first decrease and then increase with increasing coolant-gas tempera-

ture ratio.

Key words: swirl cooling, fluid-structure coupling, temperature ratio, flow and heat transfer
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Fig. 1 Geometrical structure in computational domain
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Fig. 4 Distribution of spanwise averaged Nusselt

number for various turbulence models
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Fig. 6 3D streamline of swirl cooling
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Fig. 8 Turbulence kinetic energy contour on lengthwise

section of vortex chamber center
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Tab. 1 Averaged Nusselt number, heat flux and total

pressure loss coefficient of vortex cooling target wall

TR Nu, q,/kW-m~? C,/107?
0.27 401.17 227.01 0.78
0.33 427.47 240. 46 1.26
0.39 451.23 245.58 1.87
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Fig. 11 Blade leading edge solid temperature contour
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Fig. 12 Blade leading edge solid thermal stress contour
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