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ABSTRACT

In the present research, film cooling around a gas turbine blade has been studied numerically via partial-
ly Navier-Stokes simulation (PANS) approach which is one the approaches of Very Large Eddy Simula-
tion (VLES) in turbulent flow. For detail investigation of flow around gas turbine blade (airfoil with film
cooled holes on leading edge) have been simulated in three dimensions and inlet temperature and blade
surface temperature has been considered 409.5 K and 297.7 K respectively. Inlet Reynolds number is
8.42 x 10°. Inlet flow is fully turbulent and turbulence intensity has been set on 0.052 meanwhile second-
ary flow effect in up and bottom of blade has been waived. Numerical calculation has been done by Flu-
ent and PANS have been applied to fluent by UDF’s. The obtained results from PANS method have been
compared with existed experimental data and other RANS two-equations models in other researches
and it demonstrate that PANS approach results has admissible correspondence with experimental data.
In addition, the results are more accurate than RANS two- equations models.
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1- Introduction

The first row of high pressure gas turbine blades
are always exposed to high temperature damages.
Hot exhaust stream of a combustion chamber passes
through blades with a temperature higher than the
melting point of the blades metal. Different cooling
methods are used for protecting the blades that have
been exposed to such high temperature. In film cooling
method, part of cold air of compressor via several
ducts which are contrived in blades are blown on
blade surfaces in order to create a protective layer on
them. Due to three-dimensional and complex nature
of injected jets to mainstream flow, achieving to an
optimal performance cooling system is very difficult.
Hence for designing of proper cooling system, it is
necessary to know the nature of this complicated flow.

The aim of current research is numerical study
of film cooling flow and recognition of coherent
structures which affect flow behavior. For this
purpose, one of the “very large eddy simulating
methods” which is known as “the partially averaged
Navier-Stokes (PANS)” has been used.

The governing equations include the continuity,
momentum and energy and additional equations for
modeling of sub grid scales which have been used
by assuming of incompressibility and constant fluid
properties.

Grid generation was done by gambit software and
numerical calculation was performed by Fluent. In
addition, for solving turbulent flow regime by PANS
equations, several UDF’s have been developed in
C++ and exerted to Fluent.

2- Methodology, Discussion, Results

For investigation of flow around gas turbine
blade, in first step, required equations have been
obtained as below:
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Which the first equation is for unresolved kinetic
energy and the second equation is for unresolved
specific dissipation rate.

In second step, related UDF’s have been written
and added to Fluent in order to solve the flow filed
by PANS method. For validating the results, we used
flow around a cylinder as a benchmark test case and
grid study also has been done for reaching to an
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optimum grid resolution.
Below Figure 1 shows simulation of the flow
around the cylinder at Reynolds 1.4 x 10%.
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Figure 1. Pressure coefficient curve on the upper half
of cylinders

By comparing the results of current research
and the existed numerical and experimental data on
studies [23,24] expected accuracy has been achieved.

At the final step we apply these UDF’s on the
Fluent platform for investigation of flow filed around
a gas turbine blade. Again the grid study has been
done for blade mesh as well.

The result shows data on pressure side is more
better that of suction side. The suction side of the
blade has more higher reverse-gradients on flow filed
in comparison to pressure side of blade and due to
this most of two-equations turbulent models have a
same problem.

3- Conclusions

In this paper, numerical simulation of film cooling
around a gas turbine via “the partially averaged
Navier-Stokes (PANS)” has been studied and the
main results are as follows:

*  k-o (PANS) has good ability to simulate high
Reynolds flow and considering that the cut-
off of filter of this method is in Taylor's scale,
hence the larger share of turbulent energy
spectrum has been solved directly.

* In areas which the flow is high isotropies and
has the non-equilibrium effects, for example
the suction side of gas turbines blade and
cooling jet entry points into the mainstream,
these models will reach to answers that are
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ultimately over-diffuse. It means that the
turbulent viscosity which has been calculated
by this method is higher than real amount.
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