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Abstract: Effusion cooling of combustor wall impacts on the aerothermal performance of the downstream
turbine vane endwall. The flow structures and heat transfer cooling characteristics of turbine vane endwall under
the influence of combustor wall effusion cooling and leading edge slot jet were numerically investigated using
three—dimensional Reynolds—Averaged Navier—Stokes (RANS) and SST turbulence model. The adiabatic cooling
effectiveness of endwall, vane phantom cooling performance and flow structures of turbine vane cascade are com-
pared and analyzed at three kinds of effusion cooling mass flow rate (MFR,) and three kinds of slot jet mass flow
rate (MFRy). The obtained results show that the overall adiabatic cooling effectiveness of turbine vane endwall in-
creases up to more than 60% when the MFR, increases from 1.0% to 1.5% at three kinds of MFR,. In addition,

the regions near vane leading—edge and corner zone of the pressure surface can be covered by coolant. The in-
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crease of MFR, can improve the cooling performance of the endwall downstream of the turbine vane outlet. The

coolant flow rate of the upstream effusion holes usually is larger than that of the downstream holes. The local blow-

ing ratio of the slot jet near the suction side is larger than that of stagnation region near the leading edge. These lo-

cal mass flow rate difference decreases with the MFR; and MFR, increase. The increase of the MFR; and MFR

can weaken the horse—shoe vortex strength and enhance the cavity vortex strength, as well as influence the sec-

ondary vortex. The total pressure loss increases with the coolant mass flow increases. These flow structures would

have impacts on the coolant coverage characteristics. Investigation on the aerothermal performance of turbine

vane endwall should consider the influence of the upstream effusion cooling of combustor.
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Fig.1 Computational domain with linear vane, contoured

endwall, effusion cooling and slot jet
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Table 1 Main geometrical parameters of computational

model
Parameter Value
Pitch P/mm 322.50
Chord C/mm 363.01
Axial chord C, /mm 205.34
Inlet span S,/mm 337.67
Outlet span S /mm 312.90
Effusion hole inclination o /(°) 40.00
Effusion row axial spacing Ay /mm 20.00
Effusion hole length [ /mm 22.14
Effusion hole diameter d /mm 4.826
Slot inclination a /(°) 50.00
Slot length [ /mm 49.55
Slot width d /mm 2.500
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Fig. 2 Computational mesh

Table 2 Computational boundary conditions

Parameter Value
Mainflow inlet total pressure/kPa 4.3
Outlet static pressure/kPa 0
Mainflow inlet temperature/K 295.0
Coolants temperature/K 315.0
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Fig. 3 Numerical results with different grid numbers
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and streamlines near the hub endwall
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