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Abstract: A two—dimensional convective turbine blade cooling model is presented, considering the heat
conductivity both in the radial direction and in the direction normal to the blade wall for improved prediction accu-
racy. This model divides the blade wall into small elements in the chord wise direction, neglecting the tempera-

ture variation in that direction. In each element, 2D heat conductivity equation is established in the radial direc-
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tion and in the direction normal to the blade wall as governing equation for the temperature field of the blade solid

wall. Boundary conditions for the equation include the adiabatic temperature and heat transfer coefficient of the

gas—side blade wall, and the heat flux through the blade tip and root. The 2D heat conductivity equations with

conditions for the model and the corresponding differential solving method are all provided. This model is then ap-

plied to a high—pressure turbine vane of E*. The comparison between the gas—side wall temperature results of the

model and CFD is conducted. It shows that with the given coolant mass, the blade gas—side wall temperature dis-

tribution predicted by the model is similar to that by the CFD and the maximum error is less than 6.5% with a re-

duction of 95% in simulation time. It is proved that this model can be employed to obtain the turbine blade con-

vective coolant flow requirement quickly and accurately.
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Fig. 1 Schematic sketch of the E’ first stage nozzle
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Fig.2 Schematic sketch of element nodes
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Fig. 3 Schematic sketch of blade section
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Fig. 4 Non-dimensional pressure on Mark-II surface
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Fig. 6 Turbine inlet temperature radial distribution

Table 1 Calculation parameters for CFD

Parameter Value
Total pressure of gas at in]elp;,./MPa 1.28259
Static pressure of gas at outlet p,/kPa 660.7
Total temperature of coolant at inlet T!,/K 850
Total pressure of coolant at inlet p!,/MPa 2.58688
Static pressure of coolant at outlet p_/MPa 2.56
Heat flux at tip q[ip/( kW-m=2-K™") 10
Heat flux at hub ¢,,/(kW-m™2-K™") 10.5
Thermal conductivity A,/(W+m™ - K1) 237
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Table 2 Coolant mass flow rates for two-dimensional model

Chanel Mass/(kg-s™") Area/mm? Perimeter/mm
1 0.3248 374.13 73.80
2 0.2434 265.38 72.19
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Table 3 Heat transfer coefficients of surface 1~5

Heat transfer coefficient/(kW - m=2-K™")

Span

Surface 4 Surface 2 Surface 1 ~ Surface 3 Surface 5
0.2 2.0 2.0 4.5 6.0 3.5
0.4 2.0 2.0 3.5 5.0 4.0
0.6 2.5 2.0 4.5 5.5 5.0
0.8 2.5 2.5 4.0 3.5 5.5
1.0 1.5 2.0 5.5 6.5 6.5
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