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ABSTRACT
This paper presents experimental investigations of a straight high pressure turbine cas-
cade with main focus on the transition location. The design of the turbine blade intends
to stabilize the boundary layer in the acceleration region to achieve a laminar boundary
layer at the shockwave boundary layer interaction. The indispensable usage of film cool-
ing in a high pressure turbine upstream of the interaction zone can influence this flow
regime. The experimental investigations were performed at the Wind Tunnel for Straight
Cascades (EGG), Göttingen. The investigations were conducted at different Mach num-
bers and coolant mass flow ratios. Presented are results of infrared and hotfilm-sensor
measurements to detect the boundary layer state. The flow field is shown by applying
Schlieren technique, pressure taps and unsteady pressure sensitive paint. The results of
this investigation will reveal the influence of the cooling on the transition location with
respect to different Mach numbers.

NOMENCLATURE

A/D analog to digital p01 pressure at test section inlet
Ap passage area, height of cooling

holes
pFC pressure in coolant cavity

cm coolant mass flow ratio pxsp pixels in spanwise direction
EGG Wind Tunnel for Straight Cascades pSWBLI, 0 pressure at begin of SWBLI
FC film cooling R specific gas constant
h blade width Re Reynolds number
hc width of coolant rows RMS root mean square
HF hotfilm S skewness
iPSP unsteady pressure sensitive paint SWBLI shockwave boundary layer interac-

tion
IR Infrared T temperature
ṁ massflow Tcold temperature before temperature

step
κ heat capacity ratio Theat temperature after temperature step
Ma2 exit Mach number Trel temperature ratio
Mais isentropic Mach number U′ fluctuating voltages
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INTRODUCTION
Improving aircraft turbines can be realized by reduction of losses and increase of loads.

This paper presents experimental investigations of a straight high pressure turbine cascade with
main focus on the transition location while coping with these demands. The turbine blades were
designed within the European FP7 project TFAST (Transition location effect on shock wave
boundary layer interaction) by RollsRoyce Deutschland. Its demands of less weight are put in
practice through an increased chord resulting in fewer blades in an engine. In combination with
a high exit angle, these blades sustain high loads. Therefore a nozzle guide vane of a RollsRoyce
engine was redesigned for these purposes. The design intends to stabilize the boundary layer
after induction of coolant flow at the leading edge region. The aim is a laminar boundary layer
until the interaction of the trailing edge shock with the suction side boundary in the throat
region. The reduction of losses will be accomplished by laminar flow. The indispensable usage
of film cooling in a high pressure turbine can influence this flow regime. Therefore, the effect
of film cooling on the transition location will be studied. For this purpose, a second cascade
equipped with cooling holes is investigated.

The presented data shows a variation of two exit Mach numbers at Ma2 = 0.5 and Ma2 = 0.9.
The Reynolds number defined by the exit conditions at Ma2 = 0.5 is Re2 = 0.85 ·106 and at
Ma2 = 0.9 is Re2 = 1.22 ·106. Besides, the Mach number and the two blade types, the coolant
mass flow coefficient (cm) is varied. The cavity pressure was adjusted and measured at mid
height through a Pitot probe. The cavity pressure in relation to the wind tunnel inflow pressure
was chosen to pFC/p01 = 1.05 and 1.1. To attain the hole influence, one operation point was
taken without any adjustment of the coolant cavity pressure. The coolant temperature was set
equal to the total inlet temperature of the test section. This investigation focusses on the aerody-
namic influence due to the coolant flow. The influence by a film cooling with relatively colder
air was not undertaken here. To detect the transition location, infrared measurements were
conducted and one blade is equipped with a hotfilm sensor. The flow field will be described
with Schlieren technique and pressure measurements. For the latter, two different blades were
equipped with two measurement techniques. One blade was equipped with 20 pressure taps and
the other one with an unsteady pressure sensitive paint (iPSP). Hilfer et al. (2017) describes the
latter in full detail. All techniques were applied at the blade position 2 in Figure 2(c). Each
technique requested different requirements and for each technique a separate cascade set-up
was applied. Hence, for each cascade set-up a full wind tunnel test was conducted.

Transition detection with an infrared camera uses the effect of convective heat flux in the
boundary layer. Depending on the boundary layer state the wall temperature reacts to external
temperature changes. This effect has to be evoked by an induced temperature change. One
possible method is to heat up the model surface (e.g. Giepman et al. (2015)) and another is to
change the wind tunnel inflow temperature (e.g. Fey et al. (2006)). In this investigation the latter
method was applied. The temperature was adjusted by the cooling behind the radial compressor
in the closed circuit. This method reaches a temperature step up to 3 K. Further examples of
transition detection and an overview for flow visualization with infrared cameras are provided
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by Carlomagno and Cardone (2010).
Sieverding et al. (2000) gives a great overview of applied measurement techniques in tur-

bomachinery. Among others, he describes all relevant aspects concerning hotfilm anemometry
and gives a chronological classification. Coping with the demands described in Howell et al.
(2002), a calibration was not conducted. Different levels of shear stresses in the boundary layer
states are capable of being measured. Without a calibration it is not possible to detect the abso-
lute values, but the relative ones. The advantage of hotfilm sensors is to resolve unsteadiness up
to 30–40 kHz. Data reduction is applied by use of the Root Mean Square (RMS). This shows
the deviation from the mean signal. The skewness reveals the progress of the boundary layer
state, Hodson et al. (1993). That information of transition location will be compared to the sur-
face pressure. Many studies, starting in the 1950s, investigated the influence by the boundary
layer state on the Shock wave boundary layer interaction (SWBLI), e.g. Gadd et al. (1954) and
Chapman et al. (1958). Chapman et al. (1958) primarily formulates the free interaction concept
and is one of the most important publications. A review of this topic is given by Dolling (2001)
and Babinsky (2011).

WIND TUNNEL AND CASCADE GEOMETRY
The measurements were performed at the Wind Tunnel for Straight Cascades at the German

Aerospace Center in Göttingen. A description of the wind tunnel in blow down operation is
given in Heinemann (1983) and Kost and Giess (2004). During this investigation, the wind
tunnel operated in a closed circuit, see Petersen (2015). Figure 1 shows the side view of the
EGG. The air is driven by a 3.7 MW compressor. It achieves a maximum pressure ratio of 14 and
a volumetric flow of 60000 to 230000 m3

h
. One blade is the basic configuration (Figure 2(a)),

Test section

Settling chamber

Adjustable nozzle

Diffusor

O-Ringflap

Ambient-
conditions

Compressor Compressor / 
Vacuum vessel

Figure 1: Wind Tunnel for Straight Cascades, adopted from Heinemann (1983)

which will be compared to a cooling blade with two cooling rows, depicted in Figure 2(b).
One row is located in the stagnation region at the blade nose and the other row downstream in
the acceleration region. A sketch of the test section and instrumentation shows Figure 2(c). A
full description of the cascade and all parameters are given in Petersen (2015). Additionally,
measurements of the turbulence intensity and the pressure distribution of the test section inlet
are given. At midsection the inlet turbulence intensity is 0.5 %.
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(a) Basic blade (b) Cooling
blade

(c) Test section and instrumentation

Figure 2: Blades and sketch of test section

METROLOGY
Transition detection
Infrared imaging
The infrared camera was installed behind the test section and acquired data of the suction

side of blade number 2 in Figure 2(c). Two infrared cameras were applied, for each blade model
one. After the basic measurement, the vacuum of the Stirling motor of the first camera vanished
and was replaced by a camera of InfraTec GmbH. The first one, a Nikon Laird S270A, was ap-
plied for the basic blade. A Stirling circle cools a PtSi Schottky–Barrier IR CCD sensor. Its res-
olution is 475*442 pixels. The sensitivity of the camera is in the range of 3 to 5 µm. The frame
rate can resolve 30 Hz in an observable temperature range of -20◦C to 250◦C. The accuracy
given by the manufacturer has a temperature of ± 2 K. For the cooling blade a VarioCAM HD
with a resolution of 680*480 pixels was applied. It uses an uncooled Microbolometer-FPA in a
spectral range between 7.5 – 14 µm. The highest frame rate reaches 60 Hz in full range. The
thermal resolution at 303 K is better than 0.03 K and the sensitivity is ± 1 K. The calibration
is performed by reference of the camera and of a calibrated pyrometer at blackbody radiators
(distance: 0.5 m) (Inf 2015). To reduce the heat conduction into the model, an isolating ma-
terial was used. In case of the basic blade its material was of TECAPEEK. The cavity inside
the cooling blade caused difficulties for the plastic manufacturing and the model material was
switched to brass. In a pocket on the suction side, a polyurethane topcoat was inserted. Markers
close to both side walls are used to align the infrared pixels to the position on the blade. The
positions of the markers were connected to the infrared pixels with a polynomial equation. Data
reduction for the 2D temperature plot describes the ensuing equation:

Trel =
1

100

pxsp=−50∑
pxsp=50

Tcold
Theat

. (1)

A more detailed description of the infrared data reduction is given in Petersen (2015).
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Hotfilm sensor
On one cooled blade, a 28-nickel wire hotfilm element of Tao of Systems Integration, Inc.

has been installed. The geometrical limitations were given by the coolant rows and the trailing
edge. The sensor was glued into a pocket in the suction side of the blade. The hotfilm element
edges were filled with filler to ensure a smooth transition to the blade. The length of the hotfilm
sensors is 1.45 mm and the width is 0.1 mm by a height of 0.2 µm. The sensors are equally
spaced on the hotfilm element with a distance of 2.5 mm. The leads were let in the blade and the
soldered cables exit the blade on one side. They are connected to the Dantec StreamLine 90N10
Frame via a multiplexer. The analog signals of the hotfilm are digitalized with an A/D converter
and sent to a computer. The ground wire of the hotfilm is summarized to one. In other cases, it
was possible to measure a few hotfilm-wires in parallel. In this case, the mutual influence was
too high. At one operation point the hotfilm wires were measured after each other, switched by
the multiplexer. Hence, the result of each wire has no time dependency to the other wire.

Flow field measurements
The pressure data was gained by PSI 8400 from Pressure Systems (detailed description

given in Petersen (2015)). The sensors are silicon piezoresistive pressure sensors and the static
accuracy is ± 0.05 %. The thermal zero error is ± 0.06 %/◦C and the thermal span error
± 0.02 %/◦C. In this case the total error is ± 0.85 %. The massflow is measured at one orifice
plate in the coolant supply pipe. The pipe leads to a distribution box in the EGG. The massflow
is determined with an orifice plate consider the standards of DIN EN ISO 5167–1/2 (2003).
For the temperature measurement a K–Type thermocouple of the company Temperatur Mes-
selemente Hettstedt GmbH was applied. The mineral insulated thermocouple has a diameter
of 6 mm. The connected multimeter (3706) and screw terminal (3724–ST) are manufactured
by Keithley Instruments Inc.. The Co–Junction–Compensation is integrated. The pressure data
of the massflow measurement were gauged by PSI 9010 of Pressure Systems. The mass flow
coefficient is calculated as suggested in Kiock et al. (1985). Therefore it is primarily necessary
to calculate the passage massflow:

ṁh =
hc
h

(
2

κ+ 1

) κ+1
2·(κ−1)

√
κ

R

p01√
T
Ap. (2)

The area Ap includes the channel width were coolant holes ejecting coolant massflow ṁc. The
massflow of each blade ṁc is a third of the measured massflow. The mass flow coefficient cm
is determined as follows:

cm =
ṁc

ṁh

. (3)

The arrangement of the Schlieren visualization at the Wind Tunnel for Straight Cascades is
conventionally and described in Kost and Giess (2004). The light source is a flash lamp from
Nanolite (rare gas: Argon). The flash light pulses with a length of 20 µs. The camera is a Canon
EOS 7D with a CMOS sensor. The resolution is 2496*3420 pixels. The ISO speed 160 and
shutter speed of 1/400 s is applied.

AERODYNAMIC FLOW FIELD AND TRANSITION LOCATION OF BASIC BLADE
The aerodynamic flow field is shown due to figures of the Schlieren technique in Figures 3

and 4. The coolant flow is denoted as the coolant mass flow coefficient cm (Eqn. 3). Figure 3
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shows the subsonic flow field at Ma2 = 0.5. A quantitative comparison of the light intensity is
not possible between the images in Figure 3 and 4. Behind the throat, a fully turbulent boundary
layer can be seen, which is induced by the pressure jump behind the end of the upper blade. No
shock appears at this exit Mach number.

(a) Basic blade (b) Cooling blade
cm = 0%

(c) Cooling blade
cm = 1.1%

(d) Cooling blade
cm = 1.4%

Figure 3: Schlieren images at Ma2 = 0.5

(a) Basic blade (b) Cooling blade
cm = 0%

(c) Cooling blade
cm = 1.1%

(d) Cooling blade
cm = 1.4%

Figure 4: Schlieren images at Ma2 = 0.9

In Figure 4 at Ma2 = 0.9 a shock system is visible. A detailed analysis of the SWBLI at the
throat region is given in Figure 5. A section of the throat of Figure 4(b) is shown in Figure 5(b).
Next to it in Figure 5(a) a schematic view of a SWBLI with oblique incidence shock and a
separation bubble is depicted. In the lower part of Figure 5(a) a generic pressure distribution
of this interaction is shown. In Figure 5(b) a weak oblique shock forms at the trailing edge
7 . The oblique incidence shock 2 is reflected as an expansion wave 4 with a small angle at

the suction side of the lower blade 3 . Upstream of the impingement point at 3 a separation
shock 1 is visible. According to Delery (1985), the separation shock 1 next to the expansion
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wave 4 is an indicator for a separation bubble, that is terminated by the reattachment shock.
Downstream of the shock impingement point 3 a normal shock 5 appears, which reduces the
flow below Mais = 1. This normal shock is also the reattachment shock. Further downstream
at 6 a second normal shock can be seen. The evaluation of the time resolved measurements
in Hilfer et al. (2017) showed, that the shock at 6 moves from the trailing edge upstream until
the throat region. In Figure 5(b) at 6 the boundary layer is fully turbulent.

(a) Schematic view of SWBLI and pressure
distribution, adopted from Babinsky (2011)

(b) Section at throat region of cooling blade;
Ma2 = 0.9, cm = 0%

Figure 5: SWBLI at throat region

The application of a Schlieren technique with a spark light does not give a sufficient reso-
lution for any apparent unsteadiness, but it reveals an existing unsteadiness. This explains the
appearance of the second normal shock at different locations in Figure 4. The unsteadiness is
influenced by the origin of the oblique shock. The wake is affected by vortex shedding. This
effect is well known in turbine aerodynamics and discussed in many publications, e.g. Sieverd-
ing and Heinemann (1989). In Figure 4(a) the normal shockwave behind the separation bubble
is not the reattachment shock. The reattachment shock is oblique and barely visible between
impingement point 3 and the normal shockwave downstream. This normal shockwave de-
celerates the flow to subsonic speed. With coolant flow in Figure 4(b)– 4(d) the reattachment
shock fulfills the deceleration to subsonic. The extension of the separation bubble in streamwise
direction is reduced due to the coolant flow for Ma2 = 0.9.

Pressure data was measured with pressure taps principally on the suction side of the blade. It
is edited in Figure 6 in two different expositions. The former exposition in Figure 6(a) shows the
isentropic Mach number. Additionally, temporal averaged results of iPSP measurements (Hilfer
et al. 2017) are shown. The iPSP measurements were conducted for Ma2 = 0.9. In Figure 6(a)
the isentropic Mach number distribution at Ma2 = 0.5 shows a deceleration downstream of the
throat at the relative axial position x/cax = 0.6. This is caused by the end of the upper blade
and it induces transition. The boundary layer in Figure 3 is fully turbulent behind the passage
in all Schlieren results. Further downstream the flow decelerates until it reaches the exit Mach
number of Ma2 = 0.5.

The data of the pressure taps and the iPSP was measured with different blades. Due to the
overlap of the turbine blades a sufficient illumination of the iPSP coating could be achieved
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Figure 6: Pressure distribution on the suction side of the basic blade

from x/cax = 0.6 onward. The deceleration at Ma2 = 0.9 between the pressure taps at
x/cax = 0.58 and 0.63 is the pressure rise due to the separation. The pressure plateau has
to be around x/cax = 0.63. From this position on the iPSP data are available. The results of the
iPSP measurements confirm the pressure distribution of the pressure taps qualitatively, between
x/cax = 0.76 and 0.88 even quantitatively. The pressure rise between x/cax = 0.63 and 0.68
is the second pressure rise at the reattachment region. Hence, the reattachment shock of the
Schlieren Figure 4(a) is confirmed by the pressure measurement. The normal shock appears
downstream of x/cax = 0.7. Behind the normal shock appears a smooth deceleration until the
exit Mach number at the trailing edge is reached.

Figure 6(b) shows the surface pressure scaled by the beginning of the SWBLI region. For
pSWBLI, 0 the pressure minimum of the pressure tap results was taken. This exposition can be
compared to the generic pressure distribution in Figure 5(a). For Ma2 = 0.5 the pressure plateau
appears around x/cax = 0.58. For the other case it is shifted downstream to x/cax = 0.63.
Additionally, the pressure rise due to separation and reattachment appears in the same range for
Ma2 = 0.5. This differs to the results of Ma2 = 0.9. The beginning of the separation is further
upstream for Ma2 = 0.5 than for Ma2 = 0.9.The shocks downstream of the throat region in the
subsonic range of Figure 4 cannot be detected within the pressure distribution.

Information about the transition behaviour deliver the infrared results in Figure 7. Fig-
ures 7(a) and 7(b) show a full span view of the suction side. The flow direction is from left to
right. A temperature ratio (Trel, Equation 1) of two infrared images at different temperatures of
the outer flow is shown. Dark means low heat transfer and white designates higher heat transfer.
Figure 7(c) depicts an average of 100 pixels around the midsection. The temperature distribu-
tions are normalized with the first pixel in stream wise direction. The Stanton number was not
applied in the visualization. Due to the nozzle effect in the passage, the velocity of the ambient
flow changes continuously. To detect these changes, additional measurements are necessary
to calculate the Stanton number. These measurements are not available for the cooling blade.
Hence, to compare the basic and coolant flow the same depiction has to be applied for Trel.

J. Delery shows in Babinsky (2011) (Fig. 2.61) former publications to illustrate the differ-
ence of separated flow with an incoming laminar and turbulent boundary layer. Those results are
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(a) 3D, Ma2 = 0.5 (b) 3D, Ma2 = 0.9
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Figure 7: Results of infrared thermography, basic blade

edited as Stanton number. If one compares those perceptions to the results in Figure 7(c), the in-
coming boundary layer is laminar. The typical descent is starting at x/cax ≈ 0.5 for Ma2 = 0.5
and indicates the beginning of the separation bubble. Behind the minimum of heat transfer the
rise indicates the reattachment. The peak value outlines the heat transfer behind the separation
bubble. The length of the separation bubble is indicated in Figure 7(c). The exact length of the
separation cannot be determined with this method. Therefore data further upstream would be
necessary.

In any case, following the studies of Gadd et al. (1954) and Chapman et al. (1958) the sepa-
ration bubble appears in Figure 6 for Ma2 = 0.5 between x/cax ≈ 0.48 – 0.64 and for Ma2 = 0.9
between x/cax ≈ 0.58 – 0.67. One can conclude that the separation is confirmed by the infrared
results. The separation bubbles are discernible in both full span views as dark regions. In Fig-
ure 7(b), a slight influence by the markers close to the wall is apparent. Additionally, it appears
that the influence does not reach to the midsection. The appearance of a separation for the
subsonic case is confirmed and appeared in other turbine cascade investigations, e.g. Bräunling
et al. (1988).

In Figure 7(c) the temperature rise and higher level behind the separation bubble does in-
dicate a turbulent boundary layer. This effect is clearly visible for Ma2 = 0.5. The results
for the Schlieren technique and surface pressure measurements confirm the location above the
separation bubble. At Ma2 = 0.9 downstream of the separation bubble the temperature level is
slightly increased. In Figure 4(a), the boundary layer does look turbulent behind the interaction
region. Hence, for both exit Mach numbers separation induced transition appears.

TRANSITION BEHAVIOR WITH INFLUENCE OF UPSTREAM FILMCOOLING
A cooling blade was equipped with a hotfilm sensor with 23 wires. The voltages were de-

tected and the temporal progress is shown in Figure 8. On the left side, a blade is shown with
the wires and its positions. Those are linked to the particular signals of each wire. The results
of all three coolant mass flow ratios are shown. Furthermore, the state of the boundary layer is
differentially coloured. Figure 8(a), cm = 0 % shows first deflections at x/cax = 0.52. The am-
plitudes increase at the wire downstream. The boundary layer is turbulent from x/cax = 0.64
until the trailing edge. The results with film cooling show higher amplitudes at the separa-
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(a) Ma2 = 0.5

(b) Ma2 = 0.9

Figure 8: Hotfilm signals

tion bubble. Nevertheless the boundary layer is turbulent behind the separation bubble. At
Ma2 = 0.9 the boundary layer remains laminar until x/cax = 0.56. The separation bubble
reaches from x/cax = 0.56 until x/cax = 0.64 and shows downstream a turbulent behaviour
for all three measurements. The specifications of the locations are not complete due to the
discretisation and the failure of some hotfilm sensors.

The fluctuating voltages (U ′) of the hotfilm signals are reduced by the application of time
mean values. Figure 9 depicts RMS and skewness (S) of U ′ next to the infrared temperature
ratio. The achieved heat ratio for the temperature step is 0,1 K/s. The U ′RMS data indicate
transition due to the rise of the U ′RMS level. According to Hodson et al. (1993), the skew level
signifies the state of the boundary layer. A high positive skewness indicates a flow with low
intermittency. Simultaneously, turbulent appearances occur. A pure laminar signal shows a
low positive skewness value. Assigned to the results in Figure 9 U ′S upstream of x/cax = 0.42
is positive. According to expectations, the U ′S level is higher with coolant mass flow than at

10



0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.00

0.02

0.04

0.06

0.08

0.10

H
F

:
U
′ R

M
S cm = 0%

cm = 1.1%

cm = 1.4%

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
−4

−2

0

2

4

H
F

:
U
′ S

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

x / cax

0.995

1.000

1.005

1.010

IR
:

T
re

l

cm = 0%

cm = 1.1%

cm = 1.4%

laminar separation turbulent

(a) Ma2 = 0.5

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.00

0.02

0.04

0.06

0.08

0.10

H
F

:
U
′ R

M
S cm = 0%

cm = 1.1%

cm = 1.4%

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
−4

−2

0

2

4

H
F

:
U
′ S

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

x / cax

0.995

1.000

1.005

1.010

IR
:

T
re

l

cm = 0%

cm = 1.1%

cm = 1.4%

laminar

separation
shock

turbulent

(b) Ma2 = 0.9

Figure 9: Distribution on suction side of hotfilm-RMS, hotfilm-skewness and normalized
temperature of infrared data

cm = 0 %. In Figure 9(a) the U ′S is negative from x/cax = 0.64 which indicates the end
of transition and a turbulent boundary layer. An intermittency of 0.5 appears while the U ′S
traverses zero. Hodson et al. (1993) states that the skewness values are higher for positive than
for negative values.

Those assumptions fit for Ma2 = 0.5, cm = 0 %. The U ′S in Figure 9(a) is at x/cax = 0.56
already negative at the highest coolant mass flow ratio cm = 1.4 %. Hence, the disturbances
caused by the film cooling shifted the transition to the beginning of the separation bubble. The
highest U ′RMS value appears at that position as well. At cm = 1.1 % the transition seems
to appear in the region where two wires broke. The infrared data indicate a separation for
cm = 0 %. Following the perceptions of Delery in Babinsky (2011), the transition appears
above the separation bubble at cm = 0 %. With increasing coolant massflow the infrared results
confirm the transition location shifting upstream.

At Ma2 = 0.9 the hotfilm signals do not show the transition location clearly in die skewness
data. This might be caused by the sparse hotfilm wires in the region of separation and the
incidence shock region. A peak of U ′RMS appears for all massflow coefficients at x/cax = 0.64.
At the next wire position x/cax = 0.66 the boundary layer is fully turbulent at every case in
Figure 9(b). Hence, the boundary layer seems to undergo transition at the end of the separation
bubble. As for Ma2 = 0.5 the transition process seems to be further progressed at the beginning
of the separation bubble with increasing coolant massflow. Nevertheless the transition seems to
stay at the end of the separation bubble. In the infrared results the characteristic of the separation
bubble is deeper for all cases of Ma2 = 0.9 than for Ma2 = 0.5. This tendency can also be seen
at the basic blade in Figure 7(c). In Figure 6 the pressure step at reattachment of Ma2 = 0.9 is
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higher. This can explain the deeper bulge at the infrared results. Comparing the level of Trel,
does the level difference up- and downstream of the separation decrease with coolant massflow
ratio for both Mach numbers.

CONCLUSIONS
Experimental investigations detecting the influence of upstream film cooling on the SWBLI

in a high pressure turbine were conducted. Two different blades were investigated in the Wind
Tunnel for Straight Cascades in Göttingen. Several measurement techniques were applied:
Schlieren technique, pressure taps and iPSP. The transition location was detected by a hotfilm
sensor and infrared technique. One blade is equipped with two film cooling rows, one at the
blade nose and the other in the acceleration region. The other blade type has no cooling and is
applied to describe the reference case (basic blade). The exit Mach number was set to Ma2 = 0.5
and 0.9. The coolant mass flow ratio was changed to cm = 0 %, 1.1 %and 1.4 %.

The basic blade shows a separation bubble at the throat. At both Mach numbers, separation-
induced transition was detected. The same conclusions were achieved at the film cooling blade
for all mass flows at Ma2 = 0.9. For the lower Mach number (Ma2 = 0.5) different results
are obtained. The coolant flow induces earlier transition. A separation bubble was detected at
cm = 0 % and diminished with increasing massflow.
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