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ABSTRACT

Conjugate heat analysis on a high pressure turbine stage including secondary flow paths has been carried out. The secondary

flow paths were designed to be located in front of the nozzle and between the nozzle and rotor domains. Thermal boundary

conditions such as empirical based temperature or heat transfer coefficient were specified at nozzle and rotor solid domains.

To create heat transfer interface between the nozzle solid domain and the rotor fluid domain, frozen rotor with automatic pitch

control was used assuming that there is little temperature variation along the circumferential direction at the nozzle solid and

rotor fluid domain interface. The simulation results showed that secondary flow injected from the secondary flow path not only

prevents main flow from penetrating into the secondary flow path, but also effectively cools down the nozzle and rotor surfaces.

Also thermal barrier coating with different thickness was numerically implemented on the nozzle surface. The thermal barrier

coating further reduces temperature gradient over the entire nozzle surface as well as the overall temperature level.
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Working fluid for fluid domains :
Semi-perfect combustion gas

Material for solid domains : CMSX4

Mozzle hub secondary flow path Secondary flow path between nozzle and rotor

Fig. 1 Computational domain and secondary flow paths in high pressure turbine stage
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Nozzle Fluid - Rotor Fluid
: Mixing Plane

Rotor Fluid Wall B.C.

Rotor Fluid - Nozzle Solid
: Frozen Rotor with Automatic Pitch

: Stationary Wall
Rotor Fluid - Rotor Solid Rotor Fluid Wall B.C.
: 1:1 GGl Interface : Counter Rotating Wall
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Temperature
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Fig. 3 Nozzle surface temperature distributions (a) without secondary flow injection (b) with 0.5% secondary flow injection and (c) with 1.0%
secondary flow injection in front of the nozzle leading edge
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Fig. 4 Hot spot generation on nozzle hub surface
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Fig. 8 Nozzle surface temperature distribution near stagnation line according to TBC thickness

Fig. 9 Nozzle surface temperature distribution near tra|||ng edge according to TBC thickness
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