Journal of Thermal Science Vol.24, No.1 (2015) 4957

DOI: 10.1007/s11630-015-0755-5

Article ID: 1003-2169(2015)01-0049-09

Aero-Thermal Performances of Leakage Flows Injection from the Endwall Slot
in Linear Cascade of High-Pressure Turbine
Wan Aizon W Ghopa1, Zambri Harun1, Ken-ichi Funazaki2, Takemitsu Miura2
1. Department of Mechanical and Materials Engineering, Universiti Kebangsaan Malaysia, 43600 Bangi, Malaysia
2. Department of Mechanical Engineering, Iwate University, Morioka 020-8551 Iwate, Japan
© Science Press and Institute of Engineering Thermophysics, CAS and Springer-Verlag Berlin Heidelberg 2015

The existence of a gap between combustor and turbine endwall in the real gas turbine induces to the leakages
phenomenon. However, the leakages could be used as a coolant to protect the endwall surfaces from the hot gas
since it could not be completely prevented. Thus, present study investigated the potential of leakage flows as a
function of film cooling. In present study, the flow field at the downstream of high-pressure turbine blade has
been investigated by 5-holes pitot tube. This is to reveal the aerodynamic performances under the influenced of
leakage flows while the temperature measurement was conducted by thermochromic liquid crystal (TLC). Experimental has significantly captured theaerodynamics effect of leakage flows near the blade downstream. Furthermore, TLC measurement illustrated that the film cooling effectiveness contours were strongly influenced by the
secondary flows behavior on the endwall region. Aero-thermal results were validated by the numerical simulation
adopted by commercial software, ANSYS CFX 13. Both experimental and numerical simulation indicated almost
similar trendinaero and also thermal behavior as the amount of leakage flows increases.
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Introduction
The thermal efficiency of gas turbine need to be increased in order to reduce the fuel burnt. This can be realized by increasing the turbine inlet temperature. Modern
gas turbine are designed to operate at turbine inlet temperatures in excess of 1600°C, placing high thermal loads
on blade components. Thus, without cooling, the lifetime
of components may be shortened due to thermal stresses.
One of the critical regions that require special thermal
protection intention is the endwall. This region is considerably difficult to be cooled due to complex secondary
flow structure that occurs at the blade passage which
depend on the blade profile. The endwall flow structure
has been revealed by Takeshi et. al [1]. The main flow

structure consists of pressure side and suction side leg
horse-shoe vortex, cross flow, corner vortex and passage
vortex. The earliest study that relates the endwall flow
structure and film cooling has been made by Blair [2].
The work clarifies that, the horse-shoe vortex and passage vortex hasa dominant impact on the heat transfer of
film-cooled endwall. Graziani [3] documented the enhancement of heat transfer on the suction surface of the
bladedue to the passage vortex. Due to the existence of
complex flow structures in this region, detail studies are
required in order to improve the cooling performance.
Several studies have presented the flow field data within
the vane stagnation plane illustrating the formation and
dynamics of the leading edge horse-shoe vortex which
include the works of Goldstein and Spores [4]. Small but
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Nomenclature
C
chord length (0.0122m)
Cax
axial chord length of blade (0.0623m)
l
slot distance from blade LE (x/Cax)
x
axial flow direction
Q
volume flow rate
m
mass flow rate
Uin
inlet velocity
u,v,w
axial, pitchwise andspanwise velocity
ρ
density
n
number of pitch
Ps
static pressure
Pd
dynamic pressure
Pti,Pto
inlet/outlet total pressure
A
duct section area
p
cascade pitch
intense corner vorticesinferred from the mass transfer
measurements cause high heat transfer near the bladeendwalljunctions of the passage. Detailed heat/mass transfer studies onthe endwall and near-endwallaerofoil surfaces were undertakenby Han and Goldstein [5]. The effects of leading-edge fillets,introduced to weaken the
passage vortex, on endwall heat/masstransfer were quantified. The fillets significantly reduce theheat transfer due
to the passage vortex; however, cornervortices near the
blade-endwall junction are intensified andcause higher
heat transfer. Other studies related to the endwall flow
stucture also were done by Langstonet. al [6], Sieverding
[7] and Wang et. al [8]. Studies by Kang et al. [9] and
Radomsky and Thole [10] revealed the effect of inlet
Reynolds number and turbulence level respectively on
the formation of the horse-shoe vortex. Both studies were
not included the purge flows. Using the same cascade of
the previous study [9, 10], Sundaram and Thole [11] performed LDV measurements to reveals the effect of the
purge flow on the endwall flow structure to enable direct
comparison with the previous result [9, 10]. Rehder and
Dannhauer [12], has carried out the experiments to reveal
the effects of injection flow angle from the upstream
clearance of linear cascade of LPT stator vanes. The observation shows that the leakage ejection perpendicular
to the main flow direction amplifies the secondary flow,
in particular the horse-shoe vortex and therefore increases the secondary losses near the endwall region, whereas
tangential leakage ejection causes significant reduction of
horse-shoe vortex and at the same time decreasing the
secondary losses at the cascade exit. Recently, Thrift and
Thole [13] investigated the effects of orientation and position of the purge flow. The observations show a dramatic difference in horse-shoe vortex formation at the stag-

s
y
z
SS
PS
T
Subscript
∞
2
aw
Abbreviation
MFR
Cpt
ζ
η

blade span height
picthwise direction
spanwise direction
suction surface
pressure surface
temperature
main flow
secondary air
adiabatic wall
mass flow ratio = (ρ Q)2/( ρ Q)∞
loss coefficient = (Pti- Pto)/(1/2)ρuin2
vorticity = (δv/δZ - δw/δY)
cooling effectiveness (Taw-T∞)/(T2T∞)

nation plane which is directly influenced by the orientation and position of the purge flow. Wright et al [14]
have measured thecombined effects of purge flow and
passing wakes on filmcooling effectiveness and conclude
that the endwall effectiveness distribution is insensitive
to passing wakes, but isstrongly sensitive to the strength
of the passage vortex. In acompanion study [15], they
also measure reduced film effectiveness for coolant injection from labyrinth sealgeometries compared to vertical and inclined injection. Based on above mentioned
literatures, it is clear that cooling air injection from upstream slot highly influenced the aerodynamics performance of turbine cascade. Furthermore, slot location and
geometry as well as cooling air amount need to be carefully considered to achieve the optimum setting. In present works, a new model with slightly lower solidity and
higher aspect ratio compared with previous test blade [16]
has been designed. The study focuseson the aerodynamics effect of upstream leakage flow on the secondary flow
field. The coolant was ejected from the slot located upstream of blade leading edge. Aerodynamic measurements were performed by the use of pneumatic 5holespitot tube to measure a total pressure at blade
downstream. The numerical simulation was also conducted for the validation and to predict the interaction of
ejected coolant with the main flow.

Experimental Procedures
Aerodynamic Investigation
The experimental investigations were conducted in the
aerospace laboratory at Iwate University. Measurement
plane and slot geometry are shown in Fig. 1. The leakage
slot was located at l= -0.63 upstream of the blade leading
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edge. The slot extended about 4 pitches and the width
was 0.064Cax. In consideration of the plate thickness,
normal injection into the main flow was highly expected
in this study. All components of the test section except
the test cascade were made of acrylic-resin plate in order
to keep visibility from outside. The test cascade consisted
of 2segments, each of which had two identical HP turbine
nozzle vanes, and two dummy vanes.

Fig. 1 Measurement area and slot geometry

The vane segments were produced by a rapid prototyping method using UV light hardening technique. An
L-type miniature pitot tube was placed upstream of the
modelleading edge for inlet flow velocity measurement.
The measurement system is constituted by pneumatic
5-holes pitot tube, traverse device, pressure transducer
and data logger which are connected to the computer for
data collection. The flow field measurement at inlet has
been conducted at the first in order to ensure uniform
main flow distribution entering the cascade. Pneumatic 5holes pitot tube measurements have been performed at
0.85Cax upstream plane. Based on the result obtained, the
detail measurements of flow behavior at 1.25Cax downstream of blade leading edge were done. The location of
those traverse plane are also shown in Fig. 1. In order to
study the effect of the leakage flow ejection, MFR of
0.75%, 1.25%, 1.75% and 2.25%, respectively were
ejected into the mainstream However, the measurement
without any leakage air injection was firstly carried out
to observe the aerodynamics performance for baseline
condition. The measurement were surveyed with a fine
grid for only one pitch and started frommidspan and
ended close to the endwall. The finest grid was 1mm and
coarsest was 10mm with a 1148 points of measurement.
Furthermore, the finer grid was adopted near the region
where the blade wakes are expected. This plane has been
surveyed by means of 28 traverses in the pitchwisedirection, each of them constituted by 41 measuring points
spaced with variable steps which have a finer grid near
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the endwall. For each measuring point 10 samples have
been collected and the pressures were calculated as timeaveraged components. The head diameter of probe was
2.1mm and the nearest distance of measurement from the
endwallwas 2mm. The main flows Reynolds number of
1.25 × 105 was fixed throughout all test cases. This Reynolds number was determined based on blade chord
length. Fig. 1 also indicates the viewpoint definition of
all contours presented in this paper.
Thermal Investigation
In present study, a transient method based on Funazaki
[17] was used to investigate the film cooling and heat
transfer performance of leakage flow. For this purpose,
the data such as time-varying temperature of the surface,
secondary air temperature rise and initial temperature of
test model surface need to be measured. TLC was used to
detect time-varying surface temperature on the endwall.
The TLC used in the present study was the commercial
product (Nihon Capsule Products) and the color range
was from 25.5°C to 30.5°C. The same MFR of leakage
flow which were used in aerodynamics study were tested.
Fig. 2 shows the measurement system, including camera
and light positions. The measurements were conducted
by using the same test model used in the aerodynamics
measurement. However, the test model was black painted
in order to prevent the light reflection during the measurement. The color change of the TLC was recorded
with a digital video cameras, and recorded image data
were captured by PC frame by frame, then converted
from RGB (Red/Green/Blue) images into HSL (Hue/
Saturation/Lightness) images. Then, the relation between
Hue and temperature obtained from the calibration of
TLC were used to determine the adiabatic wall temperature of endwall surface.

Fig. 2 Temperature measurement system

Computational Procedures
Fig. 3 shows the mesh structures of the model. The
computational domain consisted of the plenum chamber,
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1 pitch endwall with a single blade periodicity channel
designed by slot upstream the blade. The computational
mesh system was created using Gridgen (Pointwise) with
a fully structured model. This is a multiblocks meshing
method which consisted of 10 structured blocks. The
entire computational domain comprises a total of 7.1
millionhexahedral cells. To evaluate the grid independence of the solution, three others meshes have been
tested with, 5.2 million, 9.2 and 14 millions of cells. A
numerical prediction was adopted by commercial software; ANSYS CFX 13 and a very popular SSTturbulence
model were employed. Domain extended from 2.0Cax
upstream of the leading edge to 2.0Cax downstream of the
trailing edge. The boundary conditions are defined in
accordance with the measurement conditions in the linear
cascade facility located in Iwate University. Translational
periodic boundary condition was applied on the pitchwise direction. Uniform distributions of measured stagnation pressure and static temperature were specified on
the inlet boundary, while total mass flow rate including
the leakage flow rate was given on the outlet boundary.
As for the secondary flow, the measured mass flow rate
and static temperature were specified on the entry plane
of the plenum chamber. Non-slip and adiabatic conditions were given on the wall surface.

Fig. 3 CFD modeling

Results and Discussions
Aerodynamic performance of leakage flows influenced

by baseline slot configuration (l=-0.63, β=90˚)
Fig. 4 demonstrates contours of total pressure loss with
secondary velocity vector superimposed in comparison
between the experimental (EFD) on the left column andnumerical simulation (CFD) on the right column. The
comparison also has been made between baseline condition (without leakage flow) with another two cases of

Fig. 4 Total pressure loss contours(EFD vs CFD) and vortex
core for (a) baseline condition, (b) MFR=1.25% and
(c) MFR=2.25%

leakage flow injection at MFR=1.25% and 2.25% in order to investigate the effect of lower and higher injection
amounts, respectively. Based on EFD, baseline condition
case as shown on the top, losses at blade downstream are
significantly influenced by the wake profile and another
two loss cores which are located approximately at
y/p=0.45, z/s=0.10 and close to endwall, y/p=0.4, respectively. The first core can be considered is associated with
the passage vortex while the second core is associated
with interaction between wall boundary layer, wake profile and corner vortex coming from upstream. The effect
of the leakage flow injection can clearly be observed for
MFR=1.25% where the additional loss region has been
captured close to the blade SS from y/p=0.6 to y/p=0.9.
As the MFR be increased to 2.25% by consideration of
higher injection case, the additional loss region became
higher and spread the region to illustrate the widest
among the case. The shape of first core also seems to be
changed and moved toward midspan. Furthermore, the
center of the core became slightly higher in span direction which were shifted from z/s=0.10 to z/s=0.12 and
then to z/s=0.14 for the without purge flow, MFR=1.25
and MFR=2.25% case, respectively. This phenomenon
might be due to the increased strength of the passage
vortex consequentlyprovided higher fluid momentum to
roll up along the blade SS at higher position near the
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blade trailing edge. The second loss core also presented a
significant changes where its spread the region radially
and MFR=2.25% became the highest region compared to
others. However, the contribution of this core on loss was
not high compared by the wake profile and first core loss.
The similarity of the loss contour trend has been presented by CFD as indicated in the right column of Fig. 3.
CFD clearly captured the presence of the additional loss
which was also indicated by the EFD. Furthermore, both
EFD and CFD show the presence of vortical structures
near the blade SS region for the MFR=2.25% as presented by the secondary velocity vector in the same figures. The formation of the vortical structure at this region
to present the increasedstrength of the passage vortex.
Although the similar trend can be observed, the CFD
results show the discrepancy in terms of the shape and
location of the loss core.The discrepancy could be contributed by the different inlet flow profile used in the
CFD which influence the development of the passage
vortex. The flow profile of the leakage flow coming from
the plenum chamber could also be considered for the
discrepancy. Based on the results shown in the previous
explanation, the advantage of CFD can be taken to visualize the interaction of leakage flow and the main
stream which is considered will have a high impact to
secondary flow structures. The vortex core generated at
the swirling strength equal to 760 [s-1] with the color of
the vortex core is representing the vorticity, ζ valued
within the range of 2000 [s-1] and–2000 [s-1] is shown in
Fig. 5 (a) for the baseline condition case. ζ contour based
on plane B which is located 60% of pitch direction from
blade PS and another plane located at 1.25Cax are also
presented to investigate the development of the vortices.
The viewpoint of contours are from blade PS side for
plane B while for the 1.25Cax plane is from the downstream side. The same figures have been used to observe
the leaakge flow effects as indicate in Fig. 5 (b) and Fig.
5 (c) for MFR=1.25% and MFR=2.25%, respectively. At
baseline condition, the vortex core illustrates the presence of pressure side leg horse-shoe vortex (PS-HSV)
and suction side leg horse-shoe vortex near blade LE.
PS-HSV cross the mainstream from blade PS towards
neighboring blade SS. The center of PS-HSV at plane B
is approximately x/Cax = 0.35. Noted that, x/Cax = 0 actually indicates the position of blade LE. Based on vorticity shown on the top right figure, PS-HSV then lifted
off after leaving blade trailing edge. As also illustrates on
the same figure, the passage vortex was actually the
combination of the PS-HSV and the counter vortex (CV).
The experimental also captured almost the same vorticity
contours at plane 1.25Cax as shown on the top left of Fig.
5 (a). This provided a strong evidence to validate the
flow structures that predicted by CFD. The CFD result
also captured the flow vortex close to the endwall located
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at y/p=0.35 to y/p=0.6 represents the corner vortex which
commonly occurs at the near wall region. This vortex
cannot be observed in the experimental result as shown

(a) Baseline condition

(b) MFR=1.25%

(c) MFR=2.25%

Fig. 5 Vorticity contours(EFD vs CFD) and vortex core for
(a) baseline condition, (b) MFR=1.25% and (c) MFR=
2.25%
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in the top-right figure. The nonexistent of cornervortex in
the experimental result is due to the limitation of the
present measurement devices and the accessibility of the
near wall region.The introduction of leakage flow at
blade upstream increases the appearanceof endwall vortical structures as presented in Fig. 5 (b) and (c). At
MFR=1.25%, a newly generated vortex core can clearly
be observed along the pitch direction just downstream of
the slot. Due to the high pressure near the blade stagnation region, the ejected coolant tends to move towards
centre of the blade passage and accumulated with the
opposite flow direction of the coolant coming from adjacent blade.
This phenomenon has influenced to the formation of
new vortex core (accumulated flow vortex, AFV) which
then developed along the blade SS surface. As shown in
Fig. 4, the presence of this vortex core might be responsible to the additional loss which was generated after the
leakage ejection. At MFR= 1.25%, the center of the
PS-HSV at plane B shifted towards upstream and localized at x/Cax = 0.1 compared to the baseline condition.
The adjacent vorticity contour upstream of PS-HSV
shows the separation flows caused by the coolant ejection
through the slot located at -0.63Cax. At MFR=2.25%,
ejected leakage air has much higher momentum to penetrates intothe main stream; particularly near the stagnation region compared to the lower MFR cases. The higher penetration provides the blockage to the mainstream
thus affecting the formation and strength of HSV. Fig. 5
(c) clearly explained the increase strength of HSV with
the higher swirling energy of the core compared to the
lower MFR case as well as baseline condition. This resulting in increase of PS-HSV energy which will allow it
to travel across from blade PS and attached onto adjacent
blade SS at further upstream position. The PS-HSV is
predicted toshift its center to x/Cax = -0.05 at MFR=2.25%
as shown in Fig. 5 (c). This meant that the higher energy
provided to the PS-HSV, the earlier the reattachment
point onto the adjacent blade SS occurs. PS-HSV then
merged with the SS-HSVand AFV near thebladethroat
to generate a passage vortex near blade downstream.
Again, the higher losses were obtained for the leakage
flow injection cases are predicted caused by a combination of AFV to develop a higher strength passage vortex.
EFD also indicates almost similar trend of vorticity for
both cases compared to CFD. As shown in Fig. 5 (b) and
(c), EFD also captured the newly generated AFV as being
shown by CFD which is rotating in clockwise direction.
The increases of MFR just increased the strength of the
AFV. This is parallel with the vortical structures that was
captured by the secondary velocity vector plotted in Fig.
4 for MFR=2.25% case. Fig. 6 shows the mass averaged
total pressure loss for all cases involved in the present
study. The contribution of the MFR towards theaerody-
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namic loss can directly specify from the graph. A similar
pattern can be observed between the EFD and CFD results where the loss are linearly increase as the MFR increased. Based on EFD, the loss has increased approximately at 6.5% for MFR=0.75% and further increased
up to 14.2% for MFR=2.25% in comparison to the baseline case. Having the similar trends, the losses predicted
by the CFD also increased 5.8% and 14.3% for the
MFR=0.75% and 2.25%, respectively. In general, the
graph shows that CFD is over predict the losses in the
range of 3%~5% in comparison to EFD. The secondarylosses for any leakage amount which was not tested in
present study could be estimated from the figure.

Fig. 6 Trend of mass averaged total pressureloss

Film cooling effectiveness by the influenced of leakage
flows at l=-0.63

The potential of the leakage flow injection to protect
the endwall surfaces has beenrevealed by conducting
liquid crystal for surface temperature measurement.
Based on the temperature data, non-dimensional temperature which is represented by film cooling effectiveness,
η is used to describe the cooling performance of leakage
flow. The blue contour illustrates the lowerηwhile the red
one illustrates the higherη. Fig. 7 (a) ~(d) indicate theηcontours for MFR=0.75%, 1.25%,1.75% and 2.25%, respectively. Figures illustrate the contour from the position of the leakage slot (x/Cax= -0.63) till downstream of
the blade TE for two pitches (y/p = 0~2). View of the two
blades also included and that is the actual camera angle
during measurement. Noted that the axis showing by the
gridlines is only referring to the endwall surfaces and
invalid for the blade tip region. This is because the camera was slightly inclined in order to capture the most important region in the measurement. At lower injection of
0.75%, see Fig. 7 (a), the unprotected region in pitchwise
direction is observed from y/p=0.2~0.8 and y/p= 1.4~1.9.
This is because the leakage flow was unable to be injected near the stagnation region due to the higher pressure. This influenced them to be injected into the main-
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EFD

CFD

(a) MFR= 0.75%

(a) MFR= 0.75%

(b) MFR= 1.25%

(b) MFR= 1.25%

MFR= 1.75%

(c) MFR= 1.75%

MFR= 2.25%

(d)MFR= 2.25%
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Film cooling effectiveness at different leakage amounts, MFR by measurement, EFD

Fig. 8 Film cooling effectiveness at different leakage amounts,
MFR by prediction, CFD

stream at the lowest pressure region located between the
two blades at approximately y/p=0.8~1.3. Since the leakage flow only be penetrated near this region, high level
ofηcontours was obtained. However, when the leakage
flow increased to 1.25%, see Fig. 7 (b), the protection
region became wider not only in pitchwise direction but
also in axial direction.Unlikely the case for 0.75%, the
leakage flow provides a protection layer along the cas-

cade pitch even though at a lower level η. Upstream of
the blade LE, leakage flow provided the protection layer
from x/Cax=-0.63 to x/Cax=-0.43 which approximately
35% of the endwall surfaces towards blade LE. This
might be considered that the leakage flow hadenough
momentum to be penetrated into the higher pressure
mainstream especially close to the stagnation region. At
y/p = 0.8~1.2, the contour also seems to expand from
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x/Cax = -0.03 to x/Cax=0.57 and the contour shape at this
region are highly influenced by the secondary flow behavior. They likely influenced by the flow which is moving
towards blade SS. Further increases the MFR to 1.75%,
see Fig. 7 (c), the wider η contour is presented. Approximately 50% of the endwall surfaces on upstream region
are protected. However, at region y/p = 0.8~1.2, no significant change on the protection layer can be observed in
axial direction except in pitchwise direction. As expected,
MFR = 2.25%, see Fig. 7 (d), presents the greatest cooling performance compared to other cases where approximately 90% of protection layer is provided on the endwall surfaces close to the blade LE. The penetration of
the leakage flow further downstream of the blade approximately x/Cax =0.7 also can be observed at y/p = 0.6~
1.2. However, overall η contours illustrate the low η region just downstream of the leakage slot especially at
higher MFR. As discussed in previous section, the normal injection of the leakage flow towards mainstream
direction influenced to blockage which introduced to the
separation flow. As a result, the leakage flow could not
stay closer to the endwall resulting lower η at this region.
Fig. 8 (a)~(d) illustrate the predicted film cooling effectiveness for MFR=0.75%, 1.25%, 1.75% and 2.25%,
respectively. The region illustrates in the figure is the
same which were presented in Fig. 7 in order to enable
the direct comparison between experimental and the prediction. At MFR=0.75% as indicates in Fig. 8 (a), the
higher η is obtained at the region between y/p=0.8~1.4.
Even though it is about 20% wider compared to the
measured η, see Fig.7 (a), the prediction presents a similar trend of performance which indicated by the measurement. CFD also predicted that the leakage flow tends
to be penetrated near this region due to the higher pressure close to the stagnation region. As a result, the lower
η is presented near the stagnation region with approximately 0.15~0.25 (light blue region). Noted that this protection layer was not be captured by the measurement at
the same injection case. The difficulties to obtain almost
the same leakage flow profile inside the plenum chamber
and the heat loss during the measurement are considered
as main reasons. Furthermore, the smaller range of the
liquid crystal used to capture the endwall temperature
changes also one of the reason. As the MFR increases,
the η contour became wider in both axial and pitchwise
direction. If the lower ηindicates with light blue region is
neglected, the similar contour is predicted at MFR =
1.25% where it increased to x/Cax = -0.43 and this can be
observed along the slot in pitchwise direction. When the
MFR increases, the increase trend of ηcancontinuously
observed in Fig. 8 (a)~(d). However, unlikely the contour
obtained by the measurement, no significant changes of
the ηcontour (tail shape contour) showing at region x/Cax
= -0.03 towards downstream except the light blue layer.
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But this tail shape contour exist at the region between
x/Cax = 0.57~0.67 in both measurement and prediction
except for the MFR=0.75%. The thermal performance
between CFD and EFD is compared based on the massaveraged η as shown in Fig. 9. The red approximate line
indicates the linear increase trend is also obtained by the
prediction. Based on prediction, increase rate of η is
higher about half of the measurement where the η increase approximately 12.7% for every 1% of MFR. As
being explained, due to the different leakage profile, heat
loss and the smaller range temperature measurement
were the main reasons. In CFD, the adiabatic wall condition was applied to the plenum and endwall surfaces thus
the heat loss could be considered as 0.

Fig. 9 Mass-averaged film cooling effectiveness on endwall
region

Conclusions
The investigation on aero-thermal performance of turbine cascade by the influenced of leakage flow through a
slot located at -0.63Cax has been done by experimental
and numerical simulation. The similarity of Cpt and ζ
contours obtained from both approach enable authors to
take the advantage of numerical simulation to accurately
predict the interaction of leakage flow with the mainstream. The presence of the additional losses near the
blade SS have been captured in both MFR cases. CFD
predicted that a new vortical structures (Accumulated
flow vortex)which was generated just downstream of the
slot wasresponsible for this phenomenon. CFD has also
predicted that the introduction of leakage flow energized
the HSV to provide a higher fluid momentum to cross the
main stream from blade PS to neighboring blade SS.
Both EFD and CFD presented that the overall total pressure loss was proportional to the MFR and the graph
plotted enable the authors to estimate the loss providing
by another case of MFR. CFD over predicted the loss
approximately 3% to 5% compared to the measurement.
Film cooling effectiveness increases as to MFR, at the
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rate of at least 50% of the region for every 0.5% increase
of MFR. Area averaged film cooling effectiveness increases approximately 7% whereas CFD predicted about
12% for 1% increase of MFR. This was due to the smaller temperature measurement range and the heat loss
phenomenon during the temperature measurement. The
thermal performance on the endwall region was also
highly be influenced by the secondary flows behavior in
providing the cooling protection area.
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