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ABSTRACT

The present study investigates to improve the film cooling performance on the vane endwall.
Numerical simulation was conducted to analyze film cooling characteristics on the vane endwall.
Six different hole arrangements were designed considering flow characteristics on the endwall.
The results showed that the film cooling effectiveness was low on the pressure side and nozzle
throat in the base case, because coolant was deflected from the pressure side to the suction side.
On the other hand, when the holes were installed near the pressure side, the film cooling
effectiveness was enhanced on the pressure side and nozzle throat, because the coolant was less

affected by cross flow. Therefore, the film cooling effectiveness increases about 16% compared to

the base hole arrangement.
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Fig. 1 Conceptual view of secondary vortices flow on
the vane enawall [1].
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Fig. 2 Configurations of (a) vane geometry and (b)
base film cooling hole arrangement.

Table 1. Geometry of first stage turbine vane.

Parameter
Chord length ac. 1.6
Combustor-Vane interface gap| ¢/C, | 0.02
Inlet flow angle - 0°
Outlet flow angle - 71°

Fig. 3 Grid topology of fluid domain for numerical
simulation.
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Fig. 5 Comparison of numerical simulation with
experiment data [11].

Table 2. Boundary condition for simulation

Solver Ansys CFX 19.2
Turbulence
SST k-omega
model
Working ) .
. Air as ideal mode
fluid
Velocity Profile
Inlet -
. Total temperature Profile
condition
Turbulence intensity 5%
Outlet . )
. Static pressure Profile
condition
Adiabatic condition
Wall ) .
. No slip condition
condition
Periodic condition
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Fig. 6 Temperature profile at the inlet.
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Fig. 7 Flow characteristics at the endwall (a) three—
dimensional streamlines, (b) two - dimensional
streamlines.
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Fig. 8 Contours of film cooling effectiveness on the endwall surface with various blowing ratios.
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Fig. 10 Contours of film cooling effectiveness contour on endwall with different hole location.
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