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The present study is the second line of a two part work realised in collaboration with
SNECMA. The purpose is to investigate a new shaped hole film cooling in an experimental
and numerical way. The first experimental part (not presented in this paper) is an
investigation of film cooling phenomena around a shaped hole on a large scale turbine blade
by measuring velocity field, heat transfer and film cooling effectiveness.

The second part is the subject of the paper. It is a numerical study of cylindrical and
shaped hole film cooling on a flat wall.

We already know that shaping cooling hole provides a better effectiveness to protect
the turbine blade from thermal diseases [1], [2]. The structure of the jet induced by shaped
hole is quite different from that of a classical jet (cylindrical hole). Some new structures (anti-
kidney vortices) may appear [3]. These differences can explain the performance of shaping.

This study is performed by using a multiblock, three-dimensionnal Navier-Stokes k-ε
code developed by ONERA : CANARI [4]. The mesh used for the cylindrical hole calculation
is presented in figure 1 and figure 2.

figure 1 : transverse view of the two-block
mesh (cylindrical hole case).

figure 2 : 3D view of the flat wall mesh
(cylindrical hole case).

The aim of this study is to bring into light some additional details on the kinematic jet
behaviour for the shaped hole film cooling case in order to complete experimental
investigations.

In a second time, the two numerical simulations are compared to show up the
difference between the two cases and to explain the better effectiveness of shaped hole film
cooling.
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Classical structures [5] such as horseshoe vortex and kidney vortices are shown up by
plotting streamlines in some specific zones. We can see the development of two of these
structures in figure 3 and figure 4. The detailed study demonstrates the influence of the
location of these structures on the jet behaviour. The comparison of both cases reveals the
impact of the form of the orifice on the velocity field and vortex motions.

More precisely, we focus our attention on kidney vortices which have a direct effect
on the film cooling effectiveness [6].

Isomach plots give us a first idea of the flow behaviour, (figure 5 and figure 6).
Especially in the vicinity of the jet we can see a separation region within the shaped tube,
figure 5. This region will be discussed.

figure 3 : Horseshoe vortex near injection. figure 4 : Development of one of the kidney
vortices

figure 5 : Isomach, shaped hole. figure 6 : Isomach, cylindrical hole.
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CONCLUSION

Two cases of film cooling geometry are computed : a "classical" cylindrical hole and
an improved shaped hole. The results give us details of the jet structure. Their comparison
gives a first explanation of the better effectiveness of shaping.

Now, we are computing the shaped hole film cooling on the turbine blade we used for
the experimental investigations in order to compare numerical and experimental results.
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The simulations are performed on the "Institut de Développement et des Ressources en
Informatique Scientifique" centre Necsx5 computer.


