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ABSTRACT
A system for rotating measurements has been designed and commissioned for a two-stage
axial turbine of impulse design. Relative total pressure and strain gauge measurements in the
rotating frame of reference have been performed during partial admission tests in this
turbine. The overall project objectives are to determine unsteady aerodynamic losses related
to admission sector-ends and rotor forcing functions. Some outcomes are presented and
discussed herein.
The unsteadiness in the measured relative total pressure is observed to be largest
downstream of the suction side of the partial admission blockage where the high momentum
fluid vividly interacts with the rotor. Strain gauge results show a high strain peak
downstream of the suction side of the blockage. When reducing the shaft speed at constant
pressure ratio, the dip in relative total pressure and the peak in tensile strain, that occur when
a blade enters the blocked region, are shifted in the counter rotational direction. This is
believed to reflect earlier emptying of the rotor blade channel. Furthermore, an increase of
the flow capacity coefficient with a decrease of admission degree has been observed.
NOMENCLATURE
A2
cross section area at rotor exit
axial rotor chord
CR,ax
g
gravitational acceleration
N
number of rotations
m&
mass flow
ps
static pressure
ptr
relative total pressure
sp
standard deviation
Δhs
specific isentropic enthalpy drop
Δpµ
pressure unsteadiness (normal distribution)
ε
admission degree (0-1 or 0-100%)
μ
flow capacity coefficient
Πstat-stat
static pressure ratio (here: ps2/ps7)
θ
circumferential angle
v2
specific volume at rotor exit
ν
isentropic velocity ratio U 2Δhs
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INTRODUCTION
When fluid enters through individually throttled arc segments in the control stage of an axial
steam turbine, high inlet pressures can be maintained with lower losses at part loads. In general, this
is referred to as partial admission and is especially common for district heating turbines and
turbines in industrial applications where the varying heat load plays a decisive role for the turbine
load, and where control flexibility and part load at reasonably high efficiencies are priorities. Partial
admission is sometimes used in small-scale turbines to avoid small design blade heights; thereby
reducing the losses induced by secondary flows. It is also commonly applied in supersonic turbines
for rocket engine propulsion according to Dorney et al. (2004).
However, high circumferential pressure gradients exist in partial admission turbines that
generate an unsteady flow associated with pumping- and filling/emptying losses, and from the
mechanical point of view may have devastating consequences for downstream rotor blades and
discs. One illustrative picture of a damaged control stage rotor due to dynamic forces can be seen in
Fig. 1, which shows a segment between the rotor disc and shroud with a blade broken off.
The circumferentially non-uniform unsteady flow
and its dynamic influences in partial admission
turbines have been, since the 90s’ subject for detailed
shroud
studies, both numerically and experimentally. He
(1997) performs a numerical study and compares
computational result with experimental data from
hydraulic analogy experiments that are presented by
Boulbin et al. (1992). He (1997) concludes among
other things that the flow unsteadiness through a
rotor is greatly enhanced by sucking- and pumping
Figure 1: Example of damaged control
action when the rotor blade leaves and enters the
stage rotor due to dynamic forces.
admission jet, respectively.
The pronounced circumferential pressure, velocity and temperature gradients and their
downstream decay in partial admission turbines, have been studied in detailed steady state
experiments by Bohn and Funke (2003) and by Fridh et al. (2004), independently. Bohn and Funke
(2003) show that the main pressure equalization (driven by impulse exchange effects) takes place in
the first stage downstream of the nozzle row, and that the pressure wake formed by the partial
blockage moves almost axially throughout the turbine whilst the temperature wake follows a typical
particle trace. Fridh et al. (2004) confirm Bohn and Funke’s (2003) findings downstream of the
stator row, but also believe that the rotor swirl has an impact on the tangential location of the
pressure wake downstream of the rotor row, accompanied with an enhanced mass flow
redistribution there.
He (1997) confirms the findings by Boulbin (1992) that the highest tangential blade force is
accounted for when the blade leaves the admission jet, and that negative lift occurs when suction
side of blade enters the admission jet. Further, He (1997) reports “that the magnitude of the blade
force variation at the partial admission condition is about 2.5 times of that at the full admission
condition”. Lampart et al. (2005) present unsteady circumferential forces with amplitudes in the
same range as He (1997) and Boulbin (1992) from CFD computations of a control stage of a
200MW steam turbine. Lampart et al. (2005) report that the axial force amplitudes can be as high as
200% of the corresponding mid-arc value of the admission jet. Even though Lampart et al. (2005)
note some unexplainable inconsistencies between 2D and 3D computational results regarding the
axial forces, it anyway indicates the importance to consider also the axial components in rotor
forcing studies of partial admission.
In an attempt to shed some new light on the dynamic nature of partial admission, a system for
rotating measurements has been designed and commissioned for an air test turbine at KTH. Relative
total pressure and strain gauge measurements have been performed during partial admission trials

2

of a two-stage turbine with the overall objective to determine unsteady aerodynamic losses and
rotor forcing functions, and wherefrom some outcomes are presented and discussed herein.
THE TEST TURBINE FACILITY
A 1 MW compressor, which can produce a maximum pressure of 4 bar(a) and a mass flow of
4.7 kg/s, drives the cold flow (30-80°C) air test turbine in an open loop with a water brake to
control the turbine power output. Figure 2 shows a sketch of the test turbine facility at time of
measurements. A detailed description of the test turbine and its capabilities can be found in Fridh et
al. (2004).

Figure 2: Sketch of the Test Turbine Facility
Design of the Test Turbine and Instrumented Rotor
In Table 1, the main characteristics at design point of the test turbine are stated. Here, the
degree of reaction is defined by enthalpy differences and the Reynolds number based on the true
chord as characteristic length. The
Stage 1
Stage 2
turbine is of subsonic impulse
Stator Rotor Stator Rotor
design with positive stator lean and
No. of blades
42
58
42
58
outer endwall contouring around
Hub diameter
Dh (mm)
355
355
355
355
the circumference at the stator
Tip-to-hub
casing (see Fig. 3). The rotor blades
(Dt/Dh)TE
1.13
1.17
1.15
1.19
diameter ratio
have integral shroud platforms with
Pitch-to-chord
two wires rolled in to form a
S/C
0.82
0.81
0.83
0.82
ratio
continuous elastic bandage. The
shroud platforms are at no load in
Aspect ratio
HTE/C
0.67
1.18
0.77
1.32
contact but under higher centrifugal
Static pressure
Π stat-stat
1.22
1.23
ratio
loads the edge contact might be
lost. Tangential gas load on the
Mean velocity
0.47
0.47
νtot-stat
ratio
blades can due to the rolled in
Reynolds No.
Re,*105
4.3
2.0
3.9
1.8
lacing wires produce slight elastic
Mean reaction
Rm
0.16
0.17
bending of the thin part of the
Shaft speed
n (rpm)
4450
4450
platform not covered by the airfoil.
Flow turning
76
133
95
134
γ (°)
The strain caused by bending of the
Rel. Mach
platform and blade root fastening
Maw
0.48
0.30
0.49
0.32
number at TE
will be used as gauges for blade gas
Table 1: Turbine characteristics (midspan) at design point
load. However, it should be stressed
that the blades are short and rigid
and the gas load is very moderate. The entering stage in the turbine is not primarily designed for the
purpose to act as a control stage, albeit the blade design is similar. Worth noting is the relatively
large axial distance between stator and rotor row (0.4·CR,ax). Despite these limitations, the
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measurements performed by Fridh et al. (2004) have proven to capture the main characteristic
partial admission phenomena. The partial admission is achieved by introducing aerodynamically
shaped filling blocks of various circumferential lengths, depending on admission degree, which
occupy a partial volume in the annulus upstream the first stator row LE. The upstream corners of
the filling block that are exposed to the inflow are rounded with a radius of 30 mm. Figure 3 shows
the filling block and a cross section of the two-stage turbine where the upstream rotor is
redundantly instrumented with piezoresistive miniature absolute pressure transducers and semiconducting strain gauges with a gage factor of 130.5. The measuring signals from the rotating
system are transferred, without any pre-amplification, via a miniature D-SUB (military standard)
connector at the center of the rotor disc through high-speed brush slip rings (36 circuits).

Filling block

37.5 mm
(1.476’’)

Slipring Unit

Instrumented rotor

FLOW

Figure 3: The test object

One should be aware of the non-linear temperature sensitivity of semi-conducting strain gauges,
which is described for example by Figliola and Beasley (2000), and can, if desired, be compensated
either hardware-wise by compensating resistors or by software corrections based on calibration
curves. However, semi-conducting gauges with a high gage factor were preferred here, partly
because no signal amplification exists in the rotating system and partly the relatively small
aerodynamic blade loads to be detected. Furthermore, the temperature variations are moderate and
no absolute force levels are sought in these trials but rather the relative variations. Figure 4 shows
one of the strain gauge locations (sensing primarily tensile strain) on the rotor bulb neck. The
cylindrical gauge (BLH SP5-06-35, 350 Ω) is 2mm long with a diameter of 0.2mm. The strain
gauges are mounted at locations where the computed strains are high.
Figure 5 shows the pressure transducer (Kulite XCQ-2-062), mounted 0.4mm recessed in a pitot
tube with a 60° bevelled opening, aligned with the computed average relative flow angle at the
design point.
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Figure 4: Strain gauge mounted on blade bulb

Figure 5: Pressure transducer mounted in blade

It is difficult to interpret relative total pressure measurements as clearly pointed out by
Sieverding and Dénos (1992) due to the strong dependence of local static pressure. However, Dénos
(2002) noted an improved agreement between relative total pressure measurements at the leading
edge of a rotor blade and static pressure measured at the stagnation point if a bevelled opening was
used. In this study, also a distinct stagnation point is needed due to large variations in the flow
angle, especially downstream of partial admission sector ends.
When piezoresistive pressure transducers are employed for unsteady measurements, particularly
in rotating systems, five main considerations should be addressed; temperature effects, fundamental
accuracy, base strain sensitivity, acceleration sensitivity and the frequency response. These are
exemplarily and methodically investigated by Ainsworth et al. (2000). The pressure transducer used
for the results presented in this paper is equipped with a temperature correction module. Static and
dynamic pressure calibrations pre- and post tests (described later on in this text) are performed to
limit the errors. The base strain sensitivity can be quite important for rotating measurements
according to Ainsworth et al. (2000), depending on mounting and type of transducer. Here, the base
strain influence is estimated to be negligible due to the use of a commercial transducer with strain
isolating pedestal and the mounting in a pitot tube also probably reduces the strain at the transducer
location. Furthermore, the rotor disc has, prior to the instrumentation, been balanced at 10’000 rpm,
which has set the bladed disc system in order to avoid unexpected movements. However, the
centrifugal load has a non-negligible influence for the output and is here accounted for in the postprocessing by correcting with a transverse sensitivity of 4·10-5 % of the nominal full-scale output
per g, in accordance with typical acceleration sensitivity reported by Kurtz et al. (2000). Ainsworth
et al. (2000) report a similar figure, which was found to be dependant to the square of the rotational
speed. The frequency response is somewhat lowered due to the mounting but is estimated to be
sufficient for the maximum wake passing frequency of 3.1 kHz, and dynamic calibrations up to 3.6
kHz reveals very small influences in magnitude and phase.
For the sake of redundancy, two blades are
instrumented with Kulite XCQ-2-062 (25psi)
transducer and two blades with Kulite LQ-3062 (25psi) with rated static accelerations of
10’000g and 30’000g, respectively. The
centrifugal load for the test turbine is 4’200g
Strain gauges
at the design point. Every transducer has
on the shroud
individual power supply and all are intended to
Strain gauges
measure the relative total pressure. Herein, the
on the bulb
results from one sensor (XCQ-2-062) are
presented
further.
Eight
blades
are
instrumented with strain gauges; four blades
have a gauge mounted on the shroud surface
Tensile strain Compressive strain
exposed to the flow, in the tangential direction
Figure 6: Illustrated sensor locations
and same axial position as the downstream
(downstream view)
lacing wire. Four blades have gauges on the
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downstream surface of the rotor bulb neck where two are sensing tensile and two compressive
strains, primarily. Figure 6 gives an illustrative picture on where the gauges are located. The
instrumentation has been done pair-wise, diametrically opposed in order to reduce any unnecessary
unbalance, and balancing tests performed post instrumentation revealed that no correction was
necessary.
The Measurement System Setup and Acquisition
The operating point is achieved by changing the rotational speed by controlling the brake power
while the static pressure ratio is kept constant for the turbine, which is supervised via the steady
measurement system symbolically shown in Fig. 7 that acquires and logs the necessary timeaveraged data. The fast measurement system acquires the signals from the rotating system in onceper-revolution (OPR) and once-per-blade (OPB) pulses from the optical reflective switches
(switching frequency of 50 kHz) detected from a tooth wheel. Time stamps are put at the start and
end of the unsteady data acquisition in order to deduce and time-average the corresponding
operating parameters from steady state measurements.
Steady Measuring System
The steady pressures are measured, with the atmospheric pressure as reference, by a set of
PSI9010 modules in appropriate ranges, which are re-zeroed pre- and post-measurements in order
to check for drift. The absolute temperature is measured with type-K thermocouples.
By-pass
valve

INLET
M

Inlet
valves

Fast
Measurement
System
(KT8000)

Safety
valve

4 bar
4.7 kg/s
30-80°C

1 MW
Compressor

Instrumented
rotor
Air
cooler

Condensate
Separator

Fast
response
probe

Teeth wheel,
Opto switches

Torquemeter

MF1

Mass flow
orifice flange

Test Turbine
sliprings
Speed,
Torque

Press.,
Temp.

Water
brake

Exhaust
gas fan

OUTLET

Steady
measurement
system

Figure 7: The Measurement System Setup

A cold-junction unit with three PT100 resistive temperature sensors is used as temperature
reference. Both pressures and temperatures are spatially averaged as well as time averaged. The
sampling rate is 1 Hz. A standard orifice flange is employed for mass flow determination by
calculation in accordance with ISO 5167-1 (1991) and ISO 5167-1, Amd.1 (1998). Torque is
measured by a torquemeter based on phase displacement.
Fast Measuring System
The strain gauge signals are individually amplified using FYLDE dynamic (AC, balanced DC)
strain gauge amplifiers with constant current supply, which have a frequency response of up to 50
kHz and here a gain in the order of 150 is used to reach a 100 mV/µStrain output.
The pressure transducers are first calibrated statically. For the dynamic calibrations, a reference
pressure pulse signal, generated by a rotating hole-disc system described by Vogt (2001), is applied
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to a miniature cavity (containing a flush mounted reference sensor) placed on the instrumented
blade. Figure 8 show the calibration setup and the transfer properties for the transducer discussed
herein, magnitude ratio and phase, in the frequency domain, acquired from the dynamic calibrations
that where performed and evaluated in accordance with Vogt and Fransson (2004).
An OPR reference mark (rotor-zero) on the rotor is aligned with the absolute machine zero
position with the help of a laser before the measurements. The unsteady measurement signals are
acquired by means of a digital high-speed data acquisition system (Kayser Threde KT8000), which
also provides stabilized 10VDC excitation for the pressure transducers. The system has a 14 bit
A/D conversion for each channel. The trials are performed with a gain of 50, no filtering and at a
sampling rate of 100 kHz. The accuracy of the sensor for measuring the total pressure is determined
to ±170 Pa taking into account the static and dynamic transfer characteristic of the sensor. The A/D
conversion adds with ±30 Pa, taking into account the transfer characteristic of the sensor. The
transfer characteristic adds with an average of ±50 Pa over the calibrated range. Hence, a total
measurement accuracy of ±250 Pa for the total pressure measurements. For amplitude
measurements of the unsteady pressure the corresponding total measurement accuracy is
determined to ±120 Pa.
Pressure pulse inlet
Reference sensor

Calibration setup
Transfer characteristics
Figure 8: Calibration setup and transfer characteristics

Data Reduction of unsteady data
Firstly, static calibration coefficients are applied for the pressure signals. Secondly the
acceleration effects are accounted for before applying transform characteristics from the dynamic
calibrations. Ensemble average (EA) values for one rotational cycle are calculated out of typically
300 rotations (at 4450rpm) with the help of the OPR pulse. The number of rotations employed for
the ensemble average reduces with decreased speed down to about 150 rotations due to the chosen
constant sampling amount. Furthermore, the standard deviation (sp) is calculated in order to
illustrate the relative total pressure unsteadiness (Δpµ) around the circumference in form of a 95%
confidence interval based on an expected normal distribution, according to Eq. (1) where N is
number of samples, i.e. number of rotations.
Δp μ = ± s p ⋅

1.96
N

(1)

Due to the relatively low aerodynamic loading in the air test turbine the strain gauge signals
have low amplitude values, close to the noise amplitudes generated by the aforementioned strain
gauge amplifier. Therefore, a running average is taken with a frame size of 64 corresponding to
approximately two stator pitches at 4450rpm, to be able to observe strain gauge signal trends.
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RESULTS AND DISCUSSION
In Fig. 9 the upper line is an ensemble average of approximately 300 rotations representing the
relative total pressure (ptr) around the circumference, effectively measured 1.5mm axially upstream
of rotor LE, and is here compared to static pressure measurements (ps) in the casing, 5.9mm
upstream. The shaded area in Fig. 9 enclosing ptr is a 95% confidence interval based on normal
distribution and indirectly is a measure of pressure unsteadiness. The operation point is at a velocity
ratio (ν) of 0.47±0.004 and a static-to-static two-stage pressure ratio (Πstat-stat) of 1.51±0.002, and
the pressure values are corrected with an averaged reference exit static pressure in section 7 (see
Fig.3). The admission degree is 76.2% and circumferential angles (θ) from 138.6° to 224.3° are
blocked, based on the trailing edge of the nozzle, at midspan.
It is very important to note the difference in axial measuring positions between ptr and ps,
which indeed rules out any detailed direct comparison due to the sensitivity of ptr depending on
axial position as pointed out by Sieverding and Dénos (1992). Thus, the fact that ptr shows lower
magnitude than ps downstream of the blockage in Fig. 9 may be explained by the large static
pressure gradients, and hence relative total pressure gradients, not only in the circumferential
direction but also in the axial direction. Here, the axial position of the pitot tap is chosen
considering the possibility of probe traverses in measurement section 3 (see Fig. 3). Furthermore,
the pitot tube is in line with the relative flow angle and pointed away from the flow before the blade
enters the admission jet on the pressure-side of the sector end, hence not measuring a representative
total pressure there. In order to limit unnecessary errors it should also be mentioned that the
instrumentation is checked for pressure leakages during the static calibration. The pressure
chamber, previously shown in Fig. 8, is connected to a static pressure calibrator and applied
pressures up to 170 kPa show no sign of leakages.
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Figure 10: Strain gauge signals
(the locations of the gauges can be seen in Fig. 6)

Figure 9: Relative total pressure compared to
static pressure

Nevertheless, some interesting observations can be made. The ptr wakes are more or less at the
same circumferential position as the static pressure wakes in the admission jet, whilst downstream
of the blockage there seems to be a slight mismatch of the local minima. One reason for this can be
due to different propagations of ptr and ps in the virtually circumferential flow downstream of the
suction-side of the blockage, as mentioned previously. Another, or combined, reason is the
observed unsteady variation in local wake frequency downstream of sector ends related to the
prompt flow deviation. Fridh et al. (2004) observed a half stator pitch shift in the static pressure
wake downstream of the suction side of the blockage, this can be the reason of the average decrease
in the local wake frequency at sector ends, however, on top of that there seems to be an unsteady
component.
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Furthermore, the unsteadiness of the relative total pressure, which effectively is what the rotor
encounters, is observed to be larger downstream of the suction side of the blockage where the
second to fourth stator passages show strikingly high unsteadiness compared to the rest of the
passages. Here, the high momentum fluid enters the axial gap downstream of the suction side of the
blockage and interacts with the rotor blades’ leading edges and the ongoing emptying of the rotor
passage. The pressure amplitude decreases the farther away from the sector end the sensor travels.
This suggests that, when the measured total pressure in the pitot tube becomes lower than the static
pressure (at the same location), the rotor channel is emptied and the pumping effect gives rise to an
error in the measured total pressure due to separation at the pitot tap. The opposite effect is
observed downstream of the pressure side of the blockage where the filling seems to occur quickly.
It must be pointed out that an exact location where the rotor passage is emptied or filled cannot be
detected from these measurements due to the different axial location of measured static and total
pressures, and the direction ‘sensitivity’ of the pitot tube, especially downstream of the pressure
side of the blockage.
Figure 10 shows the strain gauge signals from three different positions on the rotor as
mentioned above. Here, it must be stressed that the rotor blades are coupled to each other at the
shroud and the trends seen in Fig.10 only reflect strain values of the rotor disc assembly at
respective gauge position. Nevertheless, it can be observed that the largest positive peak in tensile
strain is encountered in relation to the blade exiting the admission jet downstream of the suction
side of the blockage. This confirms similar findings by He (1997) and Boulbin (1992), among
others. Interestingly, the unloading of the disc assembly in this case seems to be rather distinct at
gauge positions and compressive strains are encountered quite rapidly for the gauges on the shroud
and the compressive side of the rotor bulb neck, whilst the value of the gauge sensing the tensile
strain seems to decrease in conjunction with the rotor emptying. The somewhat odd-looking local
increase in tensile strain and decrease of compressive strain seen around θ=40° (180° to the highest
strain peak) in Fig.10 most likely derives from a mechanical resonance (coupled disc-rotor blades),
a harmonic of the 1st nodal diameter. Figure 11 shows a Fast Fourier Transform spectrum for the
strain gauges in question, where it has been observed that only at a resonance frequency around
5225 Hz the gauge on the shroud shows no indication of resonance whilst the gauges on the bulb
show clear resonance peaks. This implies that it is not the aerodynamic loading that causes the
resonance but rather a mechanical phenomenon.
Variation of Admission Degree and Speed
Figures 12 and 13 show the strain signals
(blade 19) and relative total pressure values for
two different admission degrees, 76.2% and
28.6%, at different rotational speeds. Also, one
run at a higher pressure ratio (1.71 instead of
1.51) is shown in Fig. 12 for comparison. The
rotational speeds are stated in the figure legends
together with number of turns that have been
used for the ensemble averaging (EA).
It is noted in Figs 12 and 13 (zoomed frames)
that a decrease in speed is accompanied with an
increase in θ position for the pressure dip at the
Figure 11: FFT for strain gauge signals
suction side of the blockage, despite the general
aerodynamic strive of a more tangential relative
flow angle at rotor inlet for lowered velocity ratios at full admission. The emptying seems to initiate
earlier with decreased rotational speed, which is somewhat supported by the spreading of the strain
gauge response at the suction side of the blockage, depending on speed.
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Figure 12: Tensile strain (upper) and relative
total pressure (lower) for different speeds at ε =
76.2%

Figure 13: Tensile strain (upper) and relative
total pressure (lower) for different speeds at ε =
28.6%

Worth mentioning in relation to these results is the observed linear increase of flow capacity
with a decrease in admission degree, at 28.6% admission there is approximately 1.9% increase of
the flow capacity coefficient compared to full admission. Here, the flow capacity coefficient (µ) is
calculated from time averaged experimental data for the one-stage turbine, presented in Fridh et al.
(2004), at constant static stage pressure ratio, constant velocity ratio and varying admission degree,
according to definition by Traupel (1966) that are formulated in Eq. (2). Overall comparison of
Fig.12 with Fig.13 reveals a larger gradient in the pressure decrease for admission degree of 28.6%,
and a larger total pressure difference between admitted and blocked parts, which enhance the
suction-effect that explains the increase in flow capacity. The change of pressure results in changes
of Δhs and ν2 in Eq. (2).

μ=

m& ⋅ v 2

ε ⋅ A2 ⋅ 2 ⋅ Δhs

(2)

CONCLUDING REMARKS
A rotating measurement system for an axial test turbine at KTH has been designed and
successfully commissioned. Relative total pressure and strain gauge measurements have been
performed in the rotating frame of reference. The concluding remarks are bulleted below.
• The unsteadiness in the measured relative total pressure is observed to be largest
downstream of the suction side of the partial admission blockage where the high momentum
fluid vividly interacts with the rotor.
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•

•

•

•

A principal suggestion of when the rotor passage is emptied is presented: when the
measured total pressure in the pitot tube becomes lower than the static pressure (at the same
location), the rotor channel is emptied and the pumping effect gives rise to an error in the
measured total pressure due to separation at the pitot tap. However, no detailed locations of
the emptying can be presented from the measurements herein, mainly due to different axial
position of the measured static and relative total pressure and direction sensitivity of the
pitot tube.
Because of the coupled blades, strain gauge data can only be interpreted as general trends at
the sensor location for the bladed disc. Despite this, strain gauge results show a high tensile
strain peak downstream of the suction side of the blockage, which is in line with previous
findings.
With constant pressure ratio and at decreased rotational speeds, the relative total pressure
dips and tensile strain peaks, downstream of the suction side of the blockage, are observed
to be shifted in the counter rotational-direction, which is believed to promote an earlier
emptying. Strain gauge data somewhat supports the suggestion.
Furthermore, a 1.9% increase of the flow capacity coefficient with a decrease of admission
degree from 100% down to 28.6% has been observed. A larger gradient in the pressure
decrease is observed for an admission degree of 28.6% (compared to 76.2%), and a larger
total pressure difference between admitted and blocked parts, which enhance the suctioneffect that explains the increase in flow capacity.

FUTURE WORK
Tasks on the agenda for future work are stated below.
• Full admission runs, which are necessary for comparison in detailed frequency studies.
• In situ g-load calibrations for the pressure transducers, this is a straightforward procedure
for the test turbine.
• In order to get information about the individual blade load around the circumference the
instrumented blade will be decoupled from adjacent blades, i.e. lacing wires and shroud will
be cut at selected positions. Decoupling the blade may also increase the strain amplitudes
that enable a more tangentially detailed resolution in the evaluation of strain gauge data.
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