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ABSTRACT
Operation of industrial steam turbines under partial admission is usually implemented in order
to cope with fluctuations in demand while maintaining a high efficiency. Subject of the article
presented is the experimental investigation of the performance and efficiency of a control stage
operated with air, under partial admission. Furthermore, the steady state blade loading distri-
bution on the stator in a free passage and at the entry into a not admitted passage is observed.
For the experiment, the single-staged axial-flow turbine is operated with varying shaft speed,
pressure ratio and admission rate, realized by flow blockaging. Two rotationally symmetric
stator endwall designs are tested: a plane and a contoured endwall.
Reducing the admission rate at part load decreases the efficiency, especially at high circumfer-
ential velocities as precedent investigations showed. Pumping and mixing loss behaviour shows
a different scale across the performance map. To prove CFD Simulations, results of the blade
loading distribution on the stator are acquired.

NOMENCLATURE
b m axial chord
c m/s absolute velocity
C - empiric factor, Suter & Traupel
D m turbine diameter
h J

kg
specific enthalpy

H J enthalpy
l m blade height
ṁ kg/s mass flow
P W performance
p Pa pressure
Q̇ W bearing losses
u m/s circular blade velocity
u/cis - isentropic velocity ratio, cis =

√
2 ·∆hs

z - sector count

Greek Symbols
η - isentropic efficiency
Π - pressure ratio
ρ kg

m3 density

Subscripts
0 upstream of the stator blade
1 between stator and rotor blade
100 100% admission
2 downstream of the rotor blade
bps blocked pressure side
FE filling and emptying or mixing
loss loss due to partial admission
ST Suter and Traupel
s isentropic
shaft shaft performance
t technical performance
m meridial component
ref, max maximum value of the scope
V ventilation or pumping loss

INTRODUCTION
Operation under part load is typically achieved via partial admission for industrial turbines. An

industrial turbine is usually composed of: first, a low reaction control stage which can be operated
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under varying admission and second, a reaction turbine further downstream permanently operated at
full admission. Compared to the reaction stages, the control stage is of a larger diameter to increase
the circular blade velocity to enable a higher enthalpy difference. The control stage is divided into
separated annular arcs, which are individually throttled further upstream by control valves (aus der
Wische & Joos 2018). A reduction of the admission rate decreases the inlet flow of the turbine while
maintaining a high pressure ratio in the control stage, thereby reducing the performance share of the
following multi-stage turbine.

With the plane and contoured endwall designs available from previous work, installations to em-
ulate partial admission have been implemented to the test rig, to gain further knowledge of partial
admission losses and, for validating numerical models. The presented article refers to the evaluation
of losses due to partial admission, occurring in a control stage air turbine. Preceding investigations
were directed to the numerical optimization of endwall contouring on the stator’s shroud side, using
evolutionary algorithms (Moser et al. 2011). Following this, Moser et al. (2013) experimentally in-
vestigated endwall contouring with the test rig, also applied in this work. An increase in efficiency
for sub-critical pressure ratios was depicted, in comparing a plane and a contoured endwall design.
The plane design performed better at supercritical pressure ratios. Validation of the numerical studies
was accomplished by the experimental examination of the flow field behind the stator, using Laser
Doppler Anemometry (LDA). The efficiency gain under partial admission has not been investigated.

Partial admission losses due to the application in steam turbines had been investigated by Stodola
(1924), describing ventilation losses or pumping losses along with disc-friction losses. Suter & Trau-
pel (1959) described the cubic behaviour of pumping losses over the circular blade velocity for a
variety of designs, and incorporated ventilation and mixing losses into a loss equation. Further equa-
tions were formulated by Roelke (1973) and others. Dibelius & Reimer (1989) separated the losses
of disc-friction and also of pumping from other losses with different actuated setups, by generating
only one loss mechanism at a time. A comparison of different models was given by Macchi & Lozza
(1985), providing a general guidance for the optimization of a suitable admission rate and to show
whether the use of partial admission is appropriate or not. Reducing the admission rate, also allows
increasing the blade height, which is suitable for higher efficiency for very small turbines, such as for
turbines used in rocket engine applications. Thus, Klassen (1968) investigated the performance of a
small cold-air turbine, by varying the admission rate over a wide range. The conclusion was, that the
admission rate reduction leads to a decrease in efficiency, whereby the pumping loss was assumed to
be proportional to the inactive arc area. Behind the stator at the entry into the admitted arc, a maxi-
mum pressure is observed, while Dibelius & Reimer (1989) also observed a minimum pressure at the
blocked arc entry. Fridh (2012) experimented with a two-stage axial turbine, measuring the decline in
efficiency, pointing out, that the efficiency decreased by reducing the amount of sectors, whereas the
efficiency of following stages increased as the CFD Simulation of He (1997) showed. The circumfer-
ential distortion of the pressure was also investigated by Fridh (2012) (experiment) and Hushmandi
(2010) (CFD Simulation) over the stage, where it was almost levelled out completely downstream
of the second stage, while the temperature distortion was still significant. Unsteady measurements
revealed additional forces due to partial admission. Development of a numerical model including
admission arcs, a control stage turbine and a cross-over channel with following reaction stages was
done by Kalkkuhl et al. (2012), validating experiments executed by Bohn & Funke (2003) where a
downscaled turbine consisting of a control stage and a following 4-stage turbine connected with a
cross-over channel in between was examined. Varma & Soundranayagam (2012) did experimental
performance testing on a small partial admission turbine, with low aspect ratio originally applied as
a turbo-expander used for cabin cooling systems of fighter aircraft. The results for a variation of
the amount of sectors with a constant admission rate, revealed a small movement on the efficiency
peak to lower velocity ratios, but generally, an overall efficiency reduction. Bellucci et al. (2018) also
observed a slight movement at a constant admission rate in a CFD Simulation with a high pressure
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ratio of 2.1. The reaction degree increases with the amount of sectors on the scope of the inquired
velocity ratio, increasing the overall blade forces. Mixing losses in the supercritical state of the stage
show a high unsteady interaction with periodical shock waves pattern traced back to the pressure and
flow angle non-uniformity. Another recent numerical study from Hodzic & Mailach (2018) evaluate
partial admission losses in a sub-critical low-pressure control stage, with a blade loading distribution
similar to an original industrial turbine.

The behaviour of partial admission losses depending on admission rate, pressure ratio and circu-
lar blade velocity, experienced in the experiment, will be discussed in this article. The experiments
include the plane and contoured endwall design to investigate the characteristics of endwall contour-
ing under partial admission. In addition to this, the blade loading of the stator will be shown and a
prospect on the validation of a numerical model at the blockage entry will be provided.

INSTRUMENTATION AND PRINCIPLES
An axial-flow air turbine containing a control stage, located at the laboratory of turbomachinery

of the Helmut Schmidt University in Hamburg is utilized for the experiment, as displayed in Figure
1 (a) and (b). The control stage had already been investigated under full admission with a plane and
a contoured rotationally symmetric shroud sided endwall by Moser et al. (2013), as seen in Figure 1
(d). The plane endwall variant serves as a reference to the contoured endwall variant. Due to a low
aspect ratio of 0.25 (span to chord), secondary losses are considered to be comparatively substantial.
The idea behind the contouring of the endwall at the shroud is, to reduce the secondary losses (the
passage vortex in particular) with the intention that the influence of a thus generated radial velocity
component, accompanied by an increase in profile losses, are less significant in comparison. Adding
to this, the blade heights of the investigated control stage are small. The diameter of the control
stage with low design reaction degree is 0.71m with a stator and rotor blade ratio of 0.572. Flow
conditions of the stage can reach from subsonic to transsonic. The rotor blades are unshrouded. For
the experiment, total inlet temperature of the Air (drawn from the environment) is set to 320.15K in
the settling chamber and the inlet pressure is determined by the pressure ratio with environmental
pressure at the outlet. As mentioned by Moser et al. (2013), under full admission average Mach
numbers reach from 0.67 to 1.1 and Reynolds numbers lay between 5.6 · 105 and 8.2 · 105. The
transition from a circular cross section in the settling chamber to the ring-shape of the inlet is realized
with curved structures, including a korbbogen head, not reproducing the typical structure of block
nozzle segments. In addition, there is no cross-over channel downstream of the control stage and, the
straight downstream channel directly enters a large exhaust chamber. Therefore no losses or mixing
in an interstage channel, leading to a downstream stage on a smaller diameter, are considered.

In analogy to previous experiments, pressure ratio Π and shaft speed, referring to circular blade
velocity u, are varied as listed in Figure 1 (e). For the ensuing investigation of performance under
partial admission, extensions seen in Figure 2 are added. The new setup includes two main different
components: sector end blockages and blockage arcs. This is in contrast to prior investigations in
literature, where either only one blockage structure type is used, or where a real turbine setup is
used, as Dibelius & Reimer (1989) did for industrial steam turbines. The sector end blockages stay
in direct contact to the leading edges of the stator blades and emulate the sector ends between the
sectors under admission. Different setups under the admission rate ε are probed, as shown in Figure
2 (b): The configuration (II) with all five sectors open has an admission rate of ε = 0.772. In this
case only sector end blockages are installed. Closing the first two sectors with blockage arcs emulates
the configuration (III) with an admission rate of ε = 0.468. The realization of the admission rates
ε = 0.304 and 0.139 is achieved by installing further blockage arcs upstream of the turbine. Under
full admission (I) no losses from partial admission exist, thus an admission rate of ε = 1 serves as a
reference case. Referring to Figure 1 (d), the stream through the control stage passes state 0 upstream
of the stator blades, state 1 between the stator and the rotor blades and, state 2 downstream of the
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Figure 1: (a) Air turbine test rig, (b): Assembly/disassembly of the stator, (c) Measure blade, (d)
Comparison between plane and contoured endwall, (e) Scope of operation

rotor blades. Steady state pressure measurements take place in state 0, 1 and 2 while the temperature
is measured in state 0 and 2. Located upstream of the control stage in the settling chamber are steady
state measurements of the total pressure and total temperature.

The blade loading distribution in the stator passages is measured (steady state) first, between
two free passages (three passages away from the blockage) and second, at the entry into a blocked
section, as shown in Figure 2 (a). The blade loading distribution yields information of the blade
load and contributes to the validation of numerical models. Every measure blade has a total of 20
measure points, respectively twelve on the suction side and eight on the pressure side. The bore holes
on the measure blade are displayed in Figure 2 (c). In literature, already conducted are unsteady
measurements of the pressure distribution in the rotor blade by Fridh (2012). Figure 7 (a) shows a
comparison of the measured data with computational results. The results are obtained from numerical
simulations, which were carried out as steady state RANS computations with the commercial 3d CFD

Figure 2: Realization of partial admission: (a) View at Meridional plane with Sector end block-
ages and blockage arc, (b) Partial admission configurations, (c) View into an open section
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solver ANSYS CFX. The computational domain consists of one stator and one rotor blade, which are
connected via mixing-plane. To account for the growth of the boundary layer in the inlet casing (see
Figure 1 (d)) an inlet block is added prior to the stator blade. Each of the blades is resolved with
approximately 750.000 nodes and the mesh refinement is sufficient for y+ below 1 on all surfaces
without separation. Turbulence and material properties are modelled with standard SST model and
ideal gas assumption respectively.

The test rig allows for measurements of the turbine shaft performance Pshaft via a torque meter
(torque and shaft speed). Control of the shaft speed is maintained by an eddy current brake. The
bearing loss Q̇loss is considered via the measurement of the differential temperature between inlet and
outlet, and volume flow of the oil supply passing the hydrostatic bearing, whereby the performance of
the rotor blades Pt is calculated. The efficiency ηs is determined as described with eq.(1) previously
used by Moser et al. (2013): the quotient of the performance Pt and the isentropic enthalpy difference
between inlet and outlet ∆Hs. The mass flow through the air turbine is measured with an orifice
plate upstream of the control stage and, the specific isentropic enthalpy difference is determined via
pressure and temperature indications at the turbine.

ηs =
Pt

∆Hs

=

∣∣∣Pshaft + Q̇loss

∣∣∣
ṁ · cp · Tt,0 ·

(
1−

(
pt,0
p2

) 1−κ
κ

) (1)

Referring to Dibelius & Schumacher (1975), the performance of the stage Pt follows eq.(2), where
Pt, 100 is the performance of the stage under full admission and Pt, loss comprises all loss mechanisms
dealt by partial admission. This method is used to expose the overall partial admission loss in the
experiment.

Pt = ε · Pt, 100 + Pt, loss (2)

To examine plausibility of the result and an insight into the different partial admission losses, equa-
tions formulated by Suter & Traupel (1959) and later used by Traupel (1977) are adopted. The
partialization loss Pt, loss includes pumping, filling and emptying losses (Fridh 2012). The pumping
loss, also referred to as ventilation loss, is generated by rotation of the rotor blades in the inactive,
not admitted part. It is found, that the pumping loss Pt, loss, V increases with the cube of circular blade
velocity u3 following eq.(3) by Traupel (1977). The items D and l depend on the geometry, while CV

is an empiric factor. Regarding Traupel (1977), a value of CV = 0.019 is adopted for this setup. The
pumping loss also behaves proportional to the magnitude of the blocked area.

Pt, loss, V = π · CV · (1− ε) · ρ ·D · l · u3 (3)

The filling and emptying losses, also referred to as sector losses or mixing losses, are caused near
the edges of the active arcs by the transition of the rotor from the admitted into the blocked section
(emptying) and, from the rotor leaving the blocked section (filling). Approximately, the loss proceeds
proportional to the change of circular blade velocity u. Changing the number of open sectors zsector
has a proportional influence on the loss as well (Fridh 2012). An equation as given in eq.(4) is added
by Suter & Traupel (1959) (also as performance loss in Doyle 1962) and later also used by Traupel
(1977) to consider mixing losses to the loss equation. The items b and D depend on the geometry.
Assuming principal of superposition, the partial admission loss is Pt, loss, ST = Pt, loss, V + Pt, loss, FE.
Tip clearance losses were not looked into. Nevertheless, it has to be mentioned, that leakage losses
are not to be underestimated as Macchi & Lozza (1985) stated.

Pt, loss, FE =
0.21 · zsector ·

√
∆hs · b · ṁ · u

ε ·D
(4)
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RESULTS
During the experiment, measurements under different blade velocities, pressure ratios and admis-

sion rates were undertaken for the plane and the contoured endwall design. In this section, perfor-
mance and blade loading distribution on the stator are treated separately.

Efficiency of the Plane and the Contoured Endwall Design
The isentropic efficiency depending on the isentropic velocity ratio u/cis is shown in Figure 3

for the setup with the reference endwall and the contoured endwall, following eq.(1). Variations of
the circular blade velocity u are shown with the isentropic velocity ratio u/cis, as their connection is
proportional. To clarify, only results of the maximal (Π = 2.5 in (a)) and the minimal (Π = 1.5 in (b))
pressure ratios are displayed. Under full admission, the efficiency with contoured endwall is higher at
low pressure ratios (subcritical) due to the smaller manifestation of secondary losses, particularly the
passage vortex of the stator, as stated by Moser et al. (2013). On the contrary at higher pressure ratios
(supercritical), they find disturbing effects increasing the deviation of the stators exit flow angle, which
reduces the efficiency. With a reduction of the pressure ratio and the admission rate ε, a limitation
of the circular blade velocity, and therefore of the velocity ratio, is given by bearing losses, because
they become equal to the turbines performance, reducing the scope of operation. Regarding different
admission rates, a decrease reduces the overall efficiency and the ”best point” is moved to lower
velocity ratios, as observed by Fridh (2012) and by Klassen (1968) as well. Regarding pumping and
mixing losses, the reason behind the reduction of the optimal velocity ratio can mainly be attributed
to the pumping loss due to its cubic alteration with the circular blade velocity with eq. (3). However,
the optimal velocity ratio was not reached for several configurations. For ε = 0.468 and Π = 2.5
only a plateau can be seen, but no assumption is possible for lower admission rates, especially on low
pressure ratios.

Results, with constant blockage area, varying only the amount of sectors, showed comparatively
small changes on the optimal velocity ratio. This is seen in the results of Varma & Soundranayagam
(2012) (experimental) with an overall reduction of the efficiency over the isentropic velocity ratio
caused by varying mixing losses and a constant area of ventilation for the pumping loss. Though
they noted that there is a dependency on the amount of sectors. Bellucci et al. (2018) showed in a
CFD Simulation that, an increase of the amount of sectors reduces the optimal velocity ratio. For
the experiment presented in this work, the amount of open sectors was reduced together with the
admission rate. Therefore the effect of the pumping loss should be of greater influence to the optimal
efficiency regarding the observed test rig, if no other effect is present.

The measurements for the plane endwall indicated an overall larger drop in efficiency for smaller
admission rates than the contoured endwall design. However, this phenomenon could be ascribed to
small deviations of the measured mass flow. The reason could be leakages in the turbine which vary
with the change of components and sealing when the stator is changed. These deviations are relatively
marginal with reference to the mass flow under full admission, but their relevance is increased for
smaller mass flows under partial admission. As a consequence, assuming that the mass flow was
roughly proportional to the admission rate in comparing both stator endwall designs, this leads to
the disappearance of the efficiency gradient difference between both stator endwall designs when
changing the admission rate. In this respect, a better absolute efficiency for the contoured endwall
design under partial admission for lower pressure ratios is still observed while no statement is possible
for the absolute efficiency at higher pressure ratios.

Performance and Losses
In general, the demonstrated qualitative behaviour for the loss Pt, loss of the plane endwall design

can also be applied to the measurements for the contoured endwall design. However, the overall
performance with the contoured endwall is higher. And the increased performance is accompanied
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Figure 3: Isentropic efficiency depending on the velocity ratio: (a) Π = 2.5, (b) Π = 1.5

by an increase of the mass flow. The contoured endwall design stator blades have a changed stagger
angle based on CFD Simulations to reduce this effect, as mentioned by Moser et al. (2013). A slight
deviation stays and it is suggested to use the efficiency instead of the absolute performance in compar-
ing the two endwall designs. The results of the performance measurements with a lower variance of
error, are therefore used for the observation of the loss behaviour and not for the direct comparison of
the two endwall designs. The following discussion continues with given results of the plane endwall
design.

The measured performance depending on the velocity ratio of the turbine is shown in Figure 4
for the plane endwall design with a pressure ratio of Π = 2.5, related to a maximum performance
Pt, ref, max of the scope. In this diagram, the performance under full admission Pt, 100 serves as a
reference and is shown for comparison. The measured performance of this reference case is altered
through eq.(2) to accommodate to the changed count of admitted passages. The measured perfor-
mance for different admission rates Pt is also plotted and in comparison, reveals a decreasingly lower
magnitude for higher velocity ratios. The difference between Pt and ε · Pt, 100 is assumed to be the
loss Pt, loss due to the partial admission components.

Regarding a pressure ratio of Π = 2.5, the loss Pt, loss is featured in Figure 5 (a) for the plane
endwall design and demonstrates an exponential increase in dependence of the velocity ratio, thus
assumed to be attributed to the pumping loss. The comparison of the different admission rates de-
creasing from ε = 0.772 down to ε = 0.304 depicts an increase of the functions slope, conjugated to
the increasing blockage area. This phenomenon is not monitored for ε = 0.139. It is presumed that
the slope should become higher for ε = 0.139 when further increasing the velocity ratio, however,
the limit of operation was already reached before. The distortion seen for ε = 0.772 at higher circular
blade velocities can also be noticed in Figure 4, where the performances Pt and ε ·Pt, 100 diverge. The
relative error is accordingly higher for the smaller loss.

In Figure 5 (b) a selected velocity ratio of u/cis = 0.195 is examined for different admission rates.
Reducing the admission rate from ε = 0.772 to ε = 0.468 shows an increase in losses due to the
higher blockage area. A further decrease of the admission rate illustrates a bottom out and a reduction
of the loss function. This contrary trend could be suspected to originate from the reduction of open
sectors, when lowering the admission rate in the experiment. Hence following eq.(4), the mixing
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Figure 4: Performance depending on the velocity ratio: (a) plane endwall, (b) contoured endwall

losses are decreased, while simultaneously the pumping loss is increased with eq.(3) by the growing
blockage area. Apart from the loss equations however, mixing losses are dependant on the size of the
non-admitted arcs (Dejc & Trojanovskij 1973). Hence, the small sector end blockages used for the
configuration with ε = 0.772 could have a lower mixing loss than expected from monitoring eq.(4).
Overall, the result suggests that the loss curves of Figure 5 (a) diverge when increasing the velocity
ratio beyond the possible scope of the experiment, because of the rising share of the pumping loss, as
compared to the entire partial admission loss. Due to the low count of investigated admission rates
and the availability of results under small admission rates only for small circular blade velocities, a
proposition is only possible for the highest pressure ratios.

Figure 5: Performance loss: (a) depending on the velocity ratio, (b) depending on the admission
rate for a specific velocity ratio

The performance over the pressure ratio is illustrated in Figure 6 (a) for a velocity ratio of u/cis =
0.195. As expected, the overall performance increases over the pressure ratio. For rising circular
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blade velocities the performance obtains a larger slope over the pressure ratio, which is not seen in
this diagram. The detachment between the performances Pt and ε · Pt, 100 over the pressure ratio
remains less noticeable compared to changing the velocity ratio.

Figure 6 (b) features the loss Pt, loss for a selection of different pressure ratios (Π = 1.5, Π = 2.0
and Π = 2.5) for an admission rate of ε = 0.772. In addition to this, the calculated partial admission
losses Pt,ST referring to the superposition of eq.(3) and eq.(4) are plotted. Regarding the pumping
loss in eq.(3), the density is increased when the pressure ratio is raised due to the expectation of lower
temperatures in the rotor blades. Considering the mixing losses described by eq.(4), an augmentation
in the pressure ratio induces a higher mass flow. Thus both losses must magnify. The mass flow is
estimated to have a greater influence than the density on the loss for the observed admission rate and
scope of the velocity ratio in the experiment. The loss PST,loss is considerably smaller compared to the
experiment, but has a similar trend. For smaller admission rates the difference ascents to even a larger
deviation, not shown in the Figure. Thus another effect could be the cause. The deviation enlarges for
higher velocity ratios, whereby the reaction degree is increased and postponed from zero. Although
the reaction is not regarded in the loss equations by Traupel (1977) and others, a dependency on the
reaction should be heeded, as Dejc & Trojanovskij (1973) pointed out. They also mention too low
estimations for the loss equations, especially for small blade heights, applicable to the investigated
stage. An influence by other effects, the reaction in particular, will be subject to further research.

Figure 6: (a) Performance depending on the pressure ratio for u/cis = 0.195, (b) Comparison
of Performance loss between pressure ratios depending on the velocity ratio

Measure Blade: Loading Distribution
In Figure 7 (a) the relative pressure distributions of the stator blade measurements for a pressure

ratio of Π = 2.5 and a circular blade velocity of u/uref,max = 0.75 with the plane endwall design
are shown. The blade loading cp/cp,ref is plotted against the axial position of the stator blade. De-
noted in red are pressure distributions in the free passage for every admission rate. The result shows
consistency under varied admission rate, as there is next to no interference to be expected in the free
passages.

The result of the experiment is used to verify a CFD Simulation shown in Figure 7 (a). It has a
good agreement with the experiment. The consistency drops near the trailing edge of the stator blade
on the suction side, where a shock is to be expected. Also depicted is the blade loading distribution
of the stator blade at the entry of the blockage, where the suction side is exposed to the flow, while
the pressure side is situated behind the sector end blockage. As for the blade loading distribution of
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Figure 7: (a) Pressure distribution on stator blade, (b) Mean Loading Distribution on Pressure
Side for the blocked Passage

the stator at the blockaging entry, the experiment demonstrates a similar outcome for the suction side.
The measuring point at the axial position 0 (total pressure at the leading edge) was disturbed by the
presence of the blockage wall, thus a deviation is seen. Also small deviations are observed at lower
axial positions on the suction side, which may have been caused by the influence of the blockage wall
with its boundary layer, next to the leading edge. Whereas the pressure side reveals a constant realm
of reduced pressure below the environmental pressure, caused by the blockage of the passage.

In general, the indicated pressure in the blocked passage is lower as compared to the indicated
average pressure in the free passages p1 in state 1 between the stator and rotor. The static pressure
drop around the blockage entry is also observed in steady state CFD Simulations as stated by Kalkkuhl
et al. (2012).

In Figure 7 (b) the average, relative pressure in the blocked passage measured on the pressure side
pbps is plotted against the pressure ratio for several blade velocities. The pressure pbps decreases with
enhanced blade velocities and increasing pressure ratio. The stator blades nozzle shape allows for
supercritical flows due to its increasing area after the narrowest meridional position in the passage.
For pressure ratios from about Π = 1.85 and above, flow conditions become supercritical, thus the
expansion leads to a lower static pressure at the trailing edge. From there, the free jet imprints the
static pressure of the pressure side in the blocked passage. For pressure ratios under about Π = 1.85
at sub-critical speeds the diffuser shape of the nozzle increases the pressure, leading to a deceleration
in the flow path. The change of the pressure can be observed, however the overall pressure in state 1
is situated under the environmental pressure and the pressure behind the control stage (state 2). The
reason is a cross-sectional jump between the stator and the rotor acting as a diffuser.

CONCLUSIONS AND PROSPECT
The performance of a partially admitted control stage for a plane and a contoured endwall design

has been investigated. As estimated by preceding work and literature, the isentropic efficiency peak
was shifted to lower blade velocities, when reducing the admission rate. Given bearing losses caused
a significant reduction of the scope of operation for small admission rates.

Evaluating pumping and mixing losses with given equations from literature, the pumping loss
is predominant for locations of maximal efficiencies for the observed admission rates on the perfor-
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mance map. A comparison of the plane and the contoured endwall design indicated that the contoured
endwall design performs better for lower pressure ratios over the investigated scope of admission
rates. Regarding performance behaviour, the different loss effects were observed to be in a compara-
ble scale at lower velocity ratios for both endwall designs, which is characteristic for this particular
test rig. At higher velocity ratios, the share of the pumping loss was regarded as decisive and therefore
the sector count had less influence. Future work will regard the impact of additional higher reaction
for the contoured endwall. The comparison with the algebraic loss equations indicates the existence
of neglected loss effects, such as the influence of the reaction. Recent control stages are designed
with a certain degree of reaction larger than zero, whereas the loss estimations may be based on in-
vestigations of impulse stages. The test rig is unique in its combination of sector end blockages and
blockage arcs, which modelled the partial admission configurations of a specific industrial turbine.
This setup complicated the detection of the origin of loss effects. The arrangement will be modified
for investigations for a better understanding of these loss sources.

The pressure distribution was measured on a blade in a free passage and a passage next to the
blocking entry. The blade loading distribution on the suction side, respectively on the free passage
next to the blockage entry showed marginal deviations compared to the free passage flow. This
documents a minor influence of the boundary layer on a sector side wall.

Future work will contain the identification of the loss mechanisms involving numerical studies.
Further performance and efficiency measurements regarding different reaction degrees will be exe-
cuted. The isolated variation of pumping and mixing losses will be looked into. Adding a cross-over
channel downstream of the control stage to the test rig in a succeeding project should be considered.
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