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Abstract— A multi-hole cooling method seems a promising
cooling technology for combustor liner protection. Compared
with traditional methods it has higher cooling effectiveness,
which can decrease the cooling mass flow requirements and
possibly allow changes in combustor geometry. The process of
reducing the cooling flow is done using a number of small holes
and the higher effectiveness is due to higher temperature drop of
the plate because of combined effect of convective cooling
through the holes and additional film cooling effectiveness.
Numerical study of effusion cooling flow and heat transfer
analysis is conducted using a Reynolds-averaged Navier—Stokes
(RANS) approach. Realizable k-e turbulence model with
enhanced wall treatment is used to predict the flow field of an
array of 10 rows of effusion holes, each hole inclined at 30° to the
flat plate. Computational averaged cooling effectiveness across
the plate is predicted and compared with experimental available
results of a multi-hole plate.
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NOMENCLATURE

CFD Computational Fluid Dynamics
CHT Conjugate Heat Transfer

Th Mainstream Temperature

Te Coolant Temperature

Tp Flat Plate Temperature

n Cooling Effectiveness

p Transverse Pitch

d Hole Diameter

S Longitudinal Pitch

o Inclination Angle

l. INTRODUCTION

Gas turbine engines operate at very high temperatures, thus,
components such as turbine end walls, combustion chamber
walls, shrouds, and turbine blades need to be cooled. With
higher thrust to weight ratio (specific thrust) and the desire to
increase the thermal efficiency of gas turbines by reducing the
specific fuel consumption, has led to an increase in temperature
and pressure in the combustion chamber and turbine. The
operational life of the combustion chamber walls decreases as
the temperature increases [1]

To satisfy the increase of both turbine entry temperatures
and the compressor outlet, the properties of metal-alloys
operated in gas turbine components and the techniques for
cooling them must be improved [2]. Improvement in material
properties can be least expected, apart from the improvement of
high-temperature ceramic components. There is a requirement
of technology for cooling metal walls efficiently, thus, a
technique for cooling must be employed to protect the wall.
Almost all current gas turbine engines employ the film cooling
method for combustor chamber wall cooling.

Among these cooling techniques effusion cooling (multi-
hole) is extensively employed in modern engines because of its
simplicity and less mass flow rate requirement. In this
technique, cold air is injected through small holes in the
chamber wall which creates a film of cooler fluid and hence
acts as a barrier between the hot gases and wall material [3]. It
is also found that the combustion liner has been protected from
hot combustion gas using forced convectional cooling methods
such as rib roughened surface and jet impingement cooling [4].
The estimation of liner temperature though CHT analysis is
also found to be carried out in many cases considering the
reactive flow.

In the present work, temperature distribution in multiholed
flat plate is numerically predicted using commercially available
CFD software, ANSYS Fluent 17. The objectives of the present
investigation are (1) to obtain an accurate temperature
distribution and cooling effectiveness on the multiholed plate;
and (2) to compare CFD results with available experimental
results by B. Leger, P. Miron, and J.M. Emidio [2].

II. COMPUTATIONAL METHODOLOGY
Computational fluid dynamics is a branch of fluid
mechanics which uses numerical analysis and data structures to
solve and analyze problems that involve fluid flows and heat
transfer. It solves Navier—Stokes equations to simulate the fluid
flow and heat transfer problem considering conservation of
mass, momentum and energy equation.
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A. Geometric details

Fig 1: Geometrical configuration of multiholed plate top view.

The work carried out by B. Leger, P. Miron, J.M. Emidio [2]
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Fig 2: Geometrical configuration of multiholed plate front view

focuses on obtaining cooling effectiveness on multiholed plate
under various of geometric and aero thermal parameters. The
effusion plate, comprised of cylindrical cooling holes inclined
at 30° and arranged in both the stream wise and span wise
directions with staggered pattern, is illustrated in Fig.1 (top
view) and Fig.2 (front view).

To carry out the numerical analysis, the plate has been
modeled in CAD software, fluid extraction, geometry cleaning
is performed in Space Claim. A computational domain of hot
fluid of height 70 mm and cold fluid of height 50mm was
extended vertically above and below of the multiholed plate
respectively for uniform flow conditions as showed in Fig.3
Geometry and specification of plate was maintained as in
reference paper [2]

B. Grid details

The accuracy and correctness of CFD analysis depends on
the quality of grid. Simulations were performed on three
different grid sizes of 6 million, 8 million and 11 million
elements respectively to assess the sensitivity of the mesh
against predicted results. Fig.4 shows the meshed geometry
along with the computational domain.

To capture the heat transfer and pressure loss effectively, it
is required to capture the boundary layer at the grid level. The
geometry meshed such that the multiholed plate and the regions
near the multiholed plate had a relatively finer mesh as
compared to the computational domain. The grid near to the
wall have been resolved by carrying out initial analysis and

subsequent estimation of boundary layer by capturing initial
flow profiles of the system in terms of density, viscosity (fluid
properties) and velocity (flow properties) for the length
(geometrical property). The grid consists of 11 million
elements with the hexahedral generated in ANSYS 17. First
layer thickness being 0.0126mm is generated to capture the
boundary layer. Fluent guide [4] is used to generate the grid.

Ill.  SOLVER DETAILS
For the present analysis ANSYS Fluent 17.0 is used.
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Fig 3: computational domain of multiholed plate.

Analysis is carried out considering the flow as a three
dimensional, steady state, incompressible, turbulent, flow
coupled with heat transfer.

A. Turbulence model.

In the present analysis, the two-equation Realizable k-¢
turbulence model with enhanced wall treatment is used. The
simulation was run using a second-order upwind scheme.

B. Boundary conditions

Inlet and Outlet are taken as mass flow inlet and pressure
outlet respectively. The operating condition of the experimental
setup [2] is considered in the present computation. Temperature
for hot and cold domain is 1161K and 300K respectively. Mass
flow rates of hot and cold domain have been estimated as
0.008355kg/s and 0.018255 kg/s respectively. Material
properties of steel used for the analysis is given in the Table 1

Table 1: Material properties of air and steel

Fluid: Air Plate: steel

Density(kg/m3) 1.225 7850

Material

Specific Heat Capacity( J/kg.K) 1006.43 490

Thermal conductivity (W/m-K) 0.0242 50.2
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Fig 4: View of multiholed plate computational domain grid

oontour-1
Satic Temperature

23}

Fig 5: Static temperature contour of the flow field at mid plane Fig.6: Static temperature contour of the multiholed plate
IV.RESULTS AND DISCUSSION A. Comparison between experimental data and the CFD
analysis

The results of CFD analysis of multiholed
plate are detailed in this section. Temperature profile on the
flat plate, variation of velocity and effusion cooling
effectiveness has been estimated. Cooling effectiveness was
estimated on the effusion test plate by using equation (1).

Fig.7 shows the CFD values compared with experimental
value. The estimated values at almost all data points were quite
close to the experimental data. The mean error of predicted data
was estimated to be approximately 5%. Cooling effectiveness 1)
[5] a dimensionless wall temperature parameter defined as

n=(Th=Tp) / (Th = Tc) @
cooling effectiveness curve 0o
it R TU Fig.5 shows the static temperature variation in the flow field
. mom = o7 taken at the mid plane. The contour shows the increment of
temperature on the flat plate due to the hot flow upstream of the

o5

multiholed region and decrease in temperature near the
multiholed region where maximum effusion cooling

m  data from literature

11 million o4

effectiveness

effectiveness is achieved downstream of the multihole, it was
observed that the multiholed zone of the plate leads to a large
decrease in plate temperature. This decreasing temperature
sang the pia tength () o effect is due to the increasing convective heat transfer inside
the holes and also, to the creation of a film cooling effect on the
Fig.7: comparison of estimated n and experimental data hot side of the plate as in the Fig 6
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Fig.8: grid independent study

A comparison of the effectiveness plots of the grids has
been illustrated Fig.8, the grid with 8 million and 6 million
elements is relatively coarser, it was observed that the
simulation was not able to capture the subtle variations in
temperature (10 to 20 %).

C. Velocity contour at the mid plane Equations

Fig .9 shows the flowing of cold fluid through the cooling
holes, the formation of cooling film along the plate.

Fig.9: velocity contour at the mid plane

IV. USING THE TEMPLATE

This paper describes a CFD study of effusion cooling flow
and heat transfer. Averaged cooling effectiveness follows the
experimental measurements reasonably well. The overall trend,
i.e. the initial decrease, followed by a gradual increase in
effectiveness is predicted. Temperature measure along the flat
plate is predicted using CFD fluent tool and the computational
temperature range had a close agreement with experimental
results.
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