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Abstract – The focus of this comparative-numerical study is to investigate the eﬀects of advanced cooling
hole geometries on ﬁlm cooling eﬀectiveness. Computational results are presented for a row of coolant
injection holes on each side of an asymmetrical turbine blade model near the leading edge. Six ﬁlm cooling
conﬁgurations are considered in the present study, namely: (1) a cylindrical ﬁlm hole, (2) a shaped ﬁlm
hole, (3) a uniform ﬁlm slot, (4) a convergent ﬁlm slot, (5) a crescent ﬁlm hole, and (6) a trenched ﬁlm
hole. All simulations are conducted for the same density ratio of 1.0 and the same inlet plenum pressure. A
new parameter, Rc, is deﬁned to measure the rate of blade coverage by the ﬁlm cooling. Results show that,
at the suction side, except for the trenched case, all conﬁgurations provide an increase of ﬁlm eﬀectiveness,
specially the crescent slot case which provides the highest increase over the baseline case. On pressure side,
the ﬁve conﬁgurations produce better quality of cooling and an enhancement which reaches 60% for the
crescent hole case. The best blade coverage by the ﬁlm cooling is allotted to the two cases: uniform and
converge slot conﬁgurations.
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1 Introduction
Turbine inlet temperatures continue to increase to
provide more eﬃcient engines with less fuel consumptions
and pollutions. This necessitates the design of more advanced cooling schemes for gas turbine blades, such as
advanced ﬁlm cooling conﬁgurations that provide better
cooling to the blades while using minimum bled coolant
air from the compressor. Advanced ﬁlm cooling methods
make use of diﬀerent hole shapes such as the shaped hole,
uniform slot, convergent slot, crescent hole, and trenched
hole.
Several theoretical, experimental and numerical investigations have been conducted in order to understand the
complex mechanisms in relation to the ﬁlm cooling process. These studies are conducted either for ﬂat plate [1–5]
and/or leading edge turbine parts [6–10] and several geometrical parameters are investigated. The main objective
of the above studies is to provide new concepts of geometrical disposition in order to maximize the ﬁlm cooling
eﬀectiveness while retaining the minimum blowing ratio.
To the best of the author’ knowledge, it seems that
there is no study in the open literature on ﬁlm cooling
a
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from diﬀerent hole cooling conﬁgurations on an asymmetrical turbine blade model cooling a-part from cylindrical
or shaped holes [11–15]. There are only some studies on
various hole conﬁgurations but for a ﬂat plate [16–18] or
for a symmetrical turbine blade model only [8, 16, 17, 19–
21].
The aim of the present numerical work is to investigate the eﬀects of the ﬁve hole conﬁgurations on the ﬁlm
cooling ﬂow structure compared to that of classical cylindrical hole conﬁguration for gas turbine blades.

2 Geometry
The blade used here is called the AGTB B1 and corresponds to a high pressure turbine cascade with showerhead injection. The blade is designed with two rows
of ejection holes, one in the pressure side and the other
one in the suction side. The two rows are in the vicinity of the leading edge corresponding on a showerhead
ﬁlm cooling conﬁguration. The experimental studies, concerning cylindrical holes, were conducted by Ardey and
Fottner [12, 13] who provides the aerodynamic data for
several conﬁgurations including streamwise and lateral injections. This experimentation is considered as a test case
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Nomenclature
A
B
D
H
L
M
Ma
Re
T
Tu
W
P
Cs
Rc
St
Sc
Se
x, y, z
s
t
α, β
βS
η
η
η
ΔηE

aw
c
PS
SP
SS

blade area
blowing ratio
hole diameter
vane height
axial chord length
blowing ratio
Mach number
Reynolds number
temperature
turbulence intensity
blade width
pressure
surface cooling quality
Cs = η/Se
ﬁlm cooling coverage ratio
Rc = SSct × 100
total surface area
surface coveraged by the ﬁlm cooling for η ≥ ηmin
surface injection exit area
Cartesian coordinates
coordinate along vane surface
pitch
ﬂow angle
staggering angle
adiabatic ﬁlm cooling eﬀectiveness
η = (T∞ − Taw )/(T∞ − Tc )
lateral averaged adiabatic ﬁlm cooling eﬀectiveness
W
1
η= W
η(z)dz
0
area averaged
ﬁlm cooling eﬀectiveness

1
η= A
ηdA
percent enhancement in area-averaged eﬀectiveness
ΔηE = [(η − η baseline )/η baseline ] × 100
Subscripts
adiabatic wall
cooling air condition
pressure side
stagnation point
suction side

[m2 ]
[–]
[m]
[m]
[m]
[–]
[–]
[–]
[K]
[–]
[m]
[Pa]
[mm−2 ]
[–]
[mm2 ]
[mm2 ]
[mm2 ]
[m]
[m]
[m]
[◦ ]
[◦ ]
[–]
[–]
[–]
[–]
[–]

for numerical calculations for the shower head ﬁlm cooling
conﬁguration. Therefore, this particular blade has been
numerically investigated by several authors who have presented thermal computations that include both streamwise and lateral injections. The geometry baseline case
details of the blade are illustrated in Figure 1. A total of
six ﬁlm holes geometries, which have been used, is presented in Figure 2. The new geometries used were selected
among the conﬁgurations of holes already applied to the
ﬂat plate and/or the symmetrical blade.

equation. The ﬁxed static pressure P2 at outlet boundary
and the total pressure Pt, 1 and the total temperature Tt, 1
at the inlet boundary, are prescribed, such as to match
the corresponding experimental conditions (Tab. 1). The
experimental investigation requires taking for, the main
ﬂow simulation, a turbulence intensity of 5%, and a dimensionless eddy viscosity of 100. In order to simulate the
calmer conditions prevailing in the plenum inlet boundary
region, lower values are used for the turbulence intensity
and the eddy viscosity (1% and 10 respectively).

The computational domain and the boundary conditions are represented in Figure 3. The symmetry boundaries are applied at the top and bottom planes bounding the domain. At the two periodic boundaries of the
turbine cascade, translational periodicity, with automatic
periodic mesh connection method [22], are applied. At
walls, the no-slip condition is used, i.e., the velocity components of the ﬂow are set to zero. The walls are considered as adiabatic boundaries with regard to the energy

A structured computational grid was developed using
the ICEM grid generator. Three grids, of the I type, were
generated, and referred to as coarse (close to that used
by [15]), medium and ﬁne, comprising 350 000, 471 000
and 600 000 hexahedral elements, respectively. Since the
computations were performed by the SST model with automatic [22] wall functions, care was taken so that the
maximum y+, at the wall-adjacent cells, was kept above
the value of 1. A preliminary grid dependence study shows
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Fig. 1. AGTB blade geometry [14].
Table 1. Cascade geometry and parameters [14].
Geometry
Pitch ratio: t/L = 0.714
Staggering angle: βS = 73.0◦
Aerodynamics
Inlet Mach number: M a1 = 0.37 Isentropic exit M a number: M a2is = 0.95
Inlet Re number: Re1 = 371 000
Isentropic exit Re number: Re2is = 695 000
Inlet ﬂow angle: α1 = 43◦
Exit ﬂow angle: β2 = 28.3◦
Cooling conﬁguration (holes)
Position s/L SS: 0.02
Ejection angle SS: 110◦
Position s/L PS: –0.03
Ejection angle PS 120◦
Hole diameter D: 3.00 mm
Hole length: 12.5 mm
Chord length: L = 250 mm
Vane height: H = 300 mm

Table 2. Experimental boundary conditions [14].
Flow property
Blowing ratio
Total pressure pt, 1
Total temperature Tt, 1
Main ﬂow angle α1
Static pressure p2
Total pressure pt, c
(Tt, c /Tt, 1 )

Blowing ratio M = (ρc)c / = (ρc)1
M = 0.7
M = 1.1
M = 1.5
19 620 Pa
19 650 Pa
19 620 Pa
303.15 K
303.15 K
303.15 K
43◦
43◦
43◦
14 710 Pa
14 640 Pa
14 560 Pa
Cooling ﬂuid inlet conditions
20 060 Pa
21 710 Pa
24 130 Pa
1
1
1

that the medium structured multi bloc grid (Fig. 4), is the
best compromise between precision and available computational facilities.
The basic case, which corresponds to Ardey’s experimentation is used here for computational validation. Once
the numerical results for the ﬁrst cylindrical geometry
were validated against the experimental results, it was
then used as a benchmark for the other conﬁgurations.
The boundary conditions used for the basic case are
matching those of Ardey and presented in Table 2, which
corresponds to three diﬀerent blowing ratios. Note that in
Ardey’s experimentation the temperature ratio is main-

tained to 1, while in the thermal studies [15,23], the temperature ratio was changed to 0.5 which corresponds to
the ratio of the air temperature at the ﬁnal compressor
stage and the turbine inlet temperature under design conditions.

3 Numerical model
The present simulations were conducted using the
ANSYS-CFX code. In CFX a Finite Volume approach
with parts of the ﬁnite element method is implemented.
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Fig. 2. Solid model for diﬀerent ﬁlm cooling conﬁgurations. (a) Cylindrical hole. (b) Shaped hole. (c) Uniform slot.
(d) Convergent slot. (e) Crescent hole. (f) Trenched hole.

By doing this a higher degree of geometric ﬂexibility
as typical for Finite-Element-approaches together with
the strict mass conservation of Finite Volume-methods
is achieved. The Navier-Stokes equations are discretised
in an unstaggered, collocated way and solved by an algebraic multigrid solver. Instead of using a solution algorithm, CFX solves all conservation equations in one linear
equation system, with all equations being fully coupled.
In the present study, the turbulence closure is achieved
by use of the well known shear stress transport (SST)
k-omega based model proposed by Menter [24]. This

model is known to provide good compromise by combining the k-omega model of Wilcox near the wall regions and
the high Reynolds k-eps model in the outer regions. The
use of the two models is realized via a blending function,
which switches from one to zero depending on the geometrical position of the integration point. Detailed explanation of the model formulation and test cases validations
can be found on speciﬁc literatures of Menter’s group.
The turbulent heat ﬂux is modeled by use of the eddy
diﬀusivity hypothesis, where by analogy to eddy viscosity hypothesis the Reynolds ﬂuxes of a scalar are linearly
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x/L
(a)

Fig. 3. Flow conﬁguration and boundary conditions.

(b)

Fig. 4. Computational grid.

related to the mean scalar gradient. Eddy diﬀusivity is
related to eddy viscosity by use of a turbulent Prandtl
number, Menter [24].

4 Results and discussion
Preliminary computations are done with the same
boundary conditions used by Ardey’s experimentation.
Static pressure distributions for the three blowing ratios
along the symmetry plane are compared in Figures 5a–c
to the experimental measurements [14]. The comparison
is satisfactory on the suction side and on the major part
of the pressure side. Nevertheless, small diﬀerences can
be depicted in the front part of the pressure side.
In second phase, the hole geometry eﬀects are investigated for the other ﬁve hole conﬁgurations. Figures 6

(c)
Fig. 5. (a–c) Static pressure distributions (midplane).

to 8 show at the midplane; the computed temperature,
the velocity vector, and the eﬀectiveness contours on the
blade surface, respectively. It is clear, for all cases, from
these ﬁgures that the hot gas is in direct contact with the
blade surface in the stagnation point area between the
two holes for the six conﬁgurations, and hence a higher
thermal load on the blade material is to be expected.
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(a)

(b)

(c)

(d)

(e)

(f)

Fig. 6. Computed temperature contours (midplane). (a) Cylindrical hole. (b) Convergent slot. (c) Shaped hole. (d) Crescent
hole. (e) Uniform slot. (f) Trenched hole.

On the pressure side, it is seen, from Figure 6a that
the baseline case shows the cooling jets are only in weak
contact to the blade surface. The reason for this behaviour
is to be found in the deep penetration of the jets and the
consequent transportation of hot gas material. Because of
the high momentum, shown in Figure 7a, the cooling air is
away from the surface. This causes lower ﬁlm eﬀectiveness
on the wall. For the others conﬁgurations where there is
an increase area at the cooling exits, we must note that

the expanded geometries decreased the coolant momentum so that coolant remained on the test surface. This is
clearly visible when using shaped holes for example, Figure 6c, which have a diﬀusing expansion at the exit of the
hole. The diﬀusing exit of the coolant holes distributes
the coolant over a broader area and reduces the coolant
exit velocity, which reduces the tendency of the jet to separate from the surface. The result in term of ﬁlm cooling
eﬀectiveness is very visible Figure 8c. The phenomena are
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Fig. 7. Leading edge velocity vector plot distribution (midplane). (a) Cylindrical hole. (b) Convergent slot. (c) Shaped hole.
(d) Crescent hole. (e) Uniform slot. (f) Trenched hole.

more accented for the convergent slot, the crescent slot,
and the uniform slot, respectively in Figures 6b, d, and e.
The recirculation zone is diﬀerent in size and is the greatest for the baseline and the smaller for the uniform and
convergent slot. It is interesting to note that for the uniform and convergent slots, and for the same shape hole
exit, Figures 6b and e, we have a smaller second stream
for the uniform slot than that for the convergent slot. This
will result in a diﬀerent cooling eﬀectiveness. The reason
is that the ﬂow rate in the injection hole conﬁgurations
isn’t the same, where the ﬂow rate for the convergent slot

case is greater because the circular shape at the plenum
entry is more appropriate for admission of the coolant. For
the trenched slot case Figure 6f, the downstream wall of
slot causes a reverse ﬂow and the cool air is trapped in the
downstream corner and creates a small low-eﬀectiveness
region. The same remarks are applicable for the suction
side but with a weaker reverse ﬂow region.
For the baseline, on the suction side, the ﬁlm cooling
although the injection holes is brought closer to surface,
however, it covers only one small surface. On the pressure
side, the ﬁlm cooling covers a rather broad zone, is very
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(a)

(b)

(c)

(d)

(e)

(f)

Fig. 8. Leading edge ﬁlm cooling eﬀectiveness contours. (a) Cylindrical hole. (b) Convergent slot. (c) Shaped hole. (d) Crescent
hole. (e) Uniform slot. (f) Trenched hole.

close laterally to the surface which leads to an increase in
ﬁlm cooling eﬀectiveness. However, the majority of ﬁlm
remains far away from surface because recirculation zone,
which explains the reduction in ﬁlm cooling eﬀectiveness,
Figure 8a. As it is already underlined, expansion of the
hole exit decelerates the coolant jet resulting in a lower
momentum ﬂux and, consequently, less tendency for the
coolant jet to separate. Furthermore, the lateral expansion presents a broader jet to the mainstream so that the
mainstream has a greater impact on the jet and more effectively turns the jet toward the wall. The crescent shape,
in addition reduces the possibility of hot gas ingestion on
the upstream side of the hole because of the front curvature, decreases considerably the recirculation zone, at
least in the midplane as shown in Figure 7d, thus has by
consequence a better coverage of the blade by the ﬁlm
cooling and a better laterally spreading on surface that
produces signiﬁcantly higher eﬀectiveness, especially at
the suction side, as shown in Figure 8d. For converging

and uniform slots, ﬁlm eﬀectiveness distribution is uniform in the spanwise direction and clearly well spread
across the length of the slot. Considering that the ﬂow
rate for convergent slot is higher than that of uniform slot,
the eﬀectiveness ﬁlm cooling is thus better, Figures 8b
and e.
Figure 9 presents the centerline ﬁlm cooling eﬀectiveness at the leading edge for the six cases. The exposure to the hot gas of the blade surface located between
the injection holes for all the conﬁgurations, results in a
quasi null ﬁlm cooling eﬀectiveness. The maximum ﬁlm
cooling eﬀectiveness just at the exit of the ﬁlm cooling
is noted for the crescent slot. For the suction side, except the trenched slot, the other conﬁgurations produce a
ﬁlm cooling eﬀectiveness higher than that of the baseline
case. The superiority, in the decreasing order, of the crescent slot, the convergent slot, the uniform slot, and the
shaped hole is obvious. Globally these four conﬁgurations
produce an enhancement in eﬀectiveness of minimum of
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Fig. 9. Centerline ﬁlm cooling eﬀectiveness at the leading
edge.

Fig. 10. Area averaged ﬁlm cooling eﬀectiveness on the suction side (leading edge).

50%. The trenched case, in the majority of the studied
zone, presents a small enhancement compared to the case
baseline. In the leading edge zone, it is important to notice that, for the following cases: crescent, convergent and
uniform, the strong increase in the ﬁlm cooling eﬀectiveness, just after the exit, keeps a certain value, more or
less constant. The case shaped undergoes a diminution of
laterally averaged eﬀectiveness then maintains a constant
value. For the two remaining cases: trenched and baseline,
they present a very marked monotonous reduction of the
cooling eﬀectiveness. In spite of its performances for a
symmetrical blade [7], the trenched slot, investigated in
present study for the asymmetrical blade, don’t provide
any advantage.
At the pressure side, in the leading edge, the two following holes conﬁgurations have exceeded, clearly, the
baseline case, namely: crescent and shaped holes. For the
other cases, the baseline case is obviously higher. Since
the preceding ﬁgure relates to only the midplane zone,
one needs another variable to concretely describe the behavior in the total zone studied.
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Fig. 11. Area averaged ﬁlm cooling eﬀectiveness on the pressure side (leading edge).

The inﬂuence of the injection located at the leading
edge on the cooling of the leading edge zone is also studied through η which represents the area-averaged eﬀectiveness. On the suction side, Figure 10, except for the
trenched case, all conﬁgurations, exceed the baseline case
in term of η. The best result is allotted, without contest,
to the crescent slot case (almost seven times the η value
for the baseline), followed meadows by the convergent and
uniform slot cases. The low value of η for the shaped hole
case, compared to the three already quoted cases, is obvious. The percent enhancement in area-averaged eﬀectiveness, for the shaped case, represents nevertheless 116%
whereas there is a light reduction evaluated to 7.32% for
the trenched case. The hole exit expansion, for this case,
does not have any positive eﬀect on the cooling eﬀectiveness.
On pressure side, Figure 11, all the ﬁve conﬁgurations
provide an increase of ﬁlm eﬀectiveness. We note that the
enhancement realized at the pressure side is less than it
is at the suction side. The best result is always recorded
for the crescent case where the percent enhancement in
area-averaged eﬀectiveness, to the baseline case, reaches
60%.
For the leading edge at the pressure side, the convergent and uniform slot cases present, no mistake as showed
in Figure 11, an increase in η since they reach an enhancement of 23.4% and 21.1% respectively. For the trenched
case, the percent enhancement in area-averaged eﬀectiveness increase reaches a small, but nevertheless signiﬁcant
value of 15.5%.
The comparison previously discussed was made without taking account of the diﬀerence between the injections
sections of the various holes conﬁgurations (see Tab. 3).
The eﬀectiveness ﬁlm cooling increase, for the same conditions of use, is allotted ﬁrstly, to the increase of the
cooling exit surface. Generally, the larger is the exit cooling section the better is the ﬁlm cooling eﬀectiveness.
Secondly, for equal sections, the geometrical shape of
the exit section can inﬂuence the cooling eﬀectiveness. To
emphasize that, the parameter Cs is introduced. This parameter expresses the intrinsic cooling quality of the area.
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Table 3. Area cooling exit.
Hole conﬁguration
Cylindrical
Shaped
Uniform
Convergent
Crescent
Trenched

PS
Area [mm2 ]
8.40
15.68
6.71
7.29
14.48
22.92

SS
BR [–]
0.49
0.47
0.37
0.45
0.37
0.44

Area [mm2 ]
7.41
17.49
6.26
6.23
14.31
18.47

BR [–]
0.37
0.29
0.27
0.33
0.25
0.46

Fig. 12. Area averaged ﬁlm cooling eﬀectiveness per unit of
coolant exit area at SS (leading edge).

Fig. 13. Area averaged ﬁlm cooling eﬀectiveness per unit of
coolant exit area at PS (leading edge).

Figures 12 and 13 show, without ambiguity, that the conﬁgurations of the convergent and uniform slots present
the highest Cs . It is, thus, the narrow rectangular shape
which gets the best cooling eﬀectiveness for a minimal
area. The most beneﬁcial quality of the cooling injection
holes in eﬀectiveness term of cooling is thus its expansion
in spanwise direction. As waited, the diﬀerence in behavior between the SS and the PS is always present, Cs is
higher at the SS than the PS. One can aﬃrm that the
cooling eﬀectiveness gain allotted to crescent and shaped
holes conﬁgurations, see Figures 10 and 11, is primarily
caused by the increase of the cooling exit area and not
to the cooling quality of their shape. The choice between
these conﬁgurations must be made by taking account of
the area-averaged eﬀectiveness: η, the intrinsic cooling
quality of the area: Cs , and the resistance to the various stresses which the blade undergoes. An exit cooling
area with a strong Cs is not automatically acceptable in
term of resistance, as it can weaken the blade enormously.
An important phenomenon must be approached; it is
the coverage of the blade surface by the ﬁlm cooling.
Admittedly the strong cooling eﬀectiveness intensity is
generally desired but the good distribution of this eﬀectiveness on the major part of the surface is more still
required. It is always preferable to choose a conﬁguration giving large coverage in spite of the low eﬀectiveness
intensity, that one with a reduced coverage and strong
eﬀectiveness intensity. Because the goal of the ﬁlm cooling is precisely to avoid to the blade material reaching a

certain critical temperature, therefore to ensure a minimum acceptable for the cooling eﬀectiveness. To the best
of the author’ knowledge, no parameter in the open literature exists, to quantify this phenomenon. We can deﬁne
the ﬁlm cooling coverage ratio (Rc) as the percent of the
surface covered by the ﬁlm cooling, for a minimal ﬁlm
cooling eﬀectiveness ηmin , on the entire zone considered
surface. ηmin represents the allowed minimum adiabatic
eﬀectiveness. An example is given, Figure 14, to illustrate
this parameter. ηmin diﬀers enormously according to the
cooling strategy adopted, considering the presence of several factors which interact at the same time: conduction,
internal cooling, convection. . . For that and for the case
which a minimal ﬁlm cooling eﬀectiveness is required, the
range of 0.1 to 0.5 was adopted. At the SS (Fig. 15), globally, the convergent and uniform slots keep a coverage ratio between 22% and 27%, the shaped hole between 7%
and 16% and the crescent hole between 19.5% et 22.5%.
This last conﬁguration seems insensitive with the ηmin
variations. The baseline and trenched slots conﬁgurations
present the worst coverage ratio [4.4% to 0.46%]. At PS
(Fig. 16), the crescent case insensitivity is always present
[22.7% to 29.3%]. In spite of their superiority on the other
conﬁgurations, the cases uniform and convergent slot conﬁguration present a sudden diminution of the coverage ratio from ηmin equal to 0.3. No change for the cases baseline
and trenched slot, they always present the worst coverage ratio, but this last is deﬁnitely higher than that at
the SS.
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(a)
Fig. 15. Film cooling coverage ratio at suction side.

(b)

Fig. 16. Film cooling coverage ratio at pressure side.

adiabatic eﬀectiveness, manufacturing, cost, repair, geometry sensitivity, ﬂow sensitivity, operational tolerance,
and strength/durability [26].

5 Conclusions
(c)
Fig. 14. Film cooling coverage ratio example illustration. (a)
Distribution of η. (b) Total surface area St . (c) Surface covered
by the ﬁlm cooling for η ≥ 0.1.

Given the signiﬁcantly improved performance of the
ﬁve hole conﬁgurations, it is important to recognize the
cost of manufacturing when comparing cylindrical and
other conﬁgurations. Because of the complexity of producing of such hole geometry, manufacturing turbine
blade with these conﬁgurations is considerably more expensive than cylindrical holes. In many cases, this additional cost is not warranted, and cylindrical holes are
used [25]. Eight key factors are used to judge the potential performance for each ﬁlm hole geometry including

A detailed study on the eﬀect of ﬁlm cooling hole conﬁgurations has been conducted. This includes the presentation of computational results for a row of simple angle
holes on each side of a asymmetrical turbine blade model
near the leading edge. Six ﬁlm cooling conﬁgurations, (1)
a cylindrical ﬁlm hole, (2) a shaped ﬁlm hole, (3) a uniform ﬁlm slot, (4) a convergent ﬁlm slot, (5) a crescent
ﬁlm hole, and (6) a trenched ﬁlm hole, are used. On pressure side, the ﬁve conﬁgurations produce better quality of
cooling and an enhancement which reaches 60% for the
crescent hole case. The coolant, in eﬀect, stays closer to
the surface and does not allow main entrainment and also
spreads laterally. The ﬁlm eﬀectiveness distributions show
stronger coverage especially for the four cases: crescent,
shaped, convergent and uniform slot.
Globally and compared to the cylindrical holes,
these four conﬁgurations provide an increase of ﬁlm
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eﬀectiveness. The enhancement realized at PS is less than
it is at SS.
Even with the same geometries, the injection holes at
SS and PS produce diﬀerent behavior regarding the ﬁlm
cooling eﬀectiveness. This is due mainly to asymmetrical
form of the blade and consequently to the pressure ﬁeld
accompanied each side of the blade. A deeper analysis of
the aero thermal ﬁeld is needed in order to explain the
associated phenomenon and propose an optimized ﬁlm
cooling conﬁguration for the present blade model.
With the exception of the crescent slot case, unfortunately no hole conﬁguration is completely beneﬁcial for
both sides of the blade with the same impact. A choice
then will have to be essential according to the present
conditions and the targeted goal. In conclusion, with this
study we can say that, a blade with a crescent hole conﬁguration will, surely, generate a cooling eﬀectiveness notable increase, but the use of the convergent or uniform
conﬁguration is better, considering than more large surface is protected by the ﬁlm cooling even with a lower
cooling eﬀectiveness.
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