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ABSTRACT

Wake flow measurements and multi-colored oil flow visualizations were performed in a 2D lin-
ear stator compressor cascade for tandem configurations. Two sets of tandem vanes with dif-
ferent load split (LS) are compared to a set of conventional single vane reference blades. The
measurements were performed at a Mach number of 0.6 and a Reynolds number of 900.000.
During the experiments the tangential displacement (percent pitch PP) is varied fron85% to
95% for the tandem blade configurations. The results of the oil flow visualization in addition
with wake flow measurements show how the secondary flow structures develop and change with

varying tangential displacement.

NOMENCLATURE
Symbols
c m  chord length

Cay m/s in-plane velocity magnitude
099 m  boundary layer thickness

i © incidence

K © flow angles

Ma 1 Mach number

Re 1 Reynolds number

s m  distance TE (AB) - LE (FB)

t m  blade pitch

r,y,z m  coordinate system

w 1 total pressure loss coefficient

INTRODUCTION

Modern tandem compressor research primarily focuses on the evaluation of geometric and aeroc
namic optimum parameters for an effective and preferably low-loss turning and pressure rise. Primal
areas of focus are the load distribution LS between the two blades, the choice of diffusion factor DI

Abbreviations

AB
AO
CDA
DF
DH
FB
FSO
LE
LS
PP
PS
SS
TE
TUB

aft-blade

axial overlap

Controlled Diffusion Airfoil
diffusion factor
deHaller factor
front-blade
full scale output

leading edge
load split
percent pitch

pressure side

suction side
trailing edge
Technische Universit Berlin

and axial as well as tangential offset (so-calledal overlapAO andpercent pitchPP) of the blades

(cf. Fig. 2).

One of the most recent investigations were carried out by McGlumphy (2008). He focused his
research on the detailed numeric simulation of a rotor tandem configuration for the last stages of &
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axial compressor. His suggestions for a load split share%f= 50/50 found their way into this
work. In addition, the work by Schluer et al. (2009) and F&#@04) was also used during the design
phase. The experimental investigations by Trehan and Rdy7§20rehan et al. (2008) as well as
Sturm (1988) helped to set the scope for the experimentak.wbrehan et al. concentrated on the
detailed investigation of the gap flow between the front- aftéblade. Sturm analyzed the usage of
slots in the profile geometry for controlling the boundarydiadevelopment and in particular the in-
fluence of the geometry of the slot at the flow separation obrferey and Bhle (2013) very recently
also examined the influence of the percent pitch variatiomf®0% load split tandem configuration.
They proved that tandem cascades with a percent pitédh/of= 90% achieve lower pressure losses
compared with those with a percent pitch76f%.

In summary, tandem configurations have proven to have agogattial in terms of reduced over-
all losses and flow turning in contrast to conventional bldegigns during previous 2D-evaluations.
Thus they are appropriate for a specific turning- and loattibdigion and different Mach number
ranges. The load distribution between the front- and thévlaffe has a strong impact on the sec-
ondary flow development on the particular blade. Accordmgurrent state of research, it is also
evident that the evaluation of three-dimensional flow pimesioa is rather difficult at this stage. More-
over, the extreme influence of the present secondary flowgrhena has not been acknowledged in
a sufficient manner. As a consequence there is a high demameskarch in order to evaluate the
characteristics of different geometric configurationsembination with the present flow conditions
with regard to an optimization of the aforementioned topics

In the following chapters, an overview of the linear compoesstator test rig is given in chapter
EXPERIMENTAL FACILITYThe experimental setup as well as the measurement tea@siped are
briefly described iEXPERIMENTAL SETUP AND PROCEDURHSe corresponding experimental
findings are presented in chapREESULTSAL first, the flow phenomena around the single reference
blade are analyzed (see secti®ase configurationfollowed by the detailed investigation for the two
tandem configurations at the design percent pitcl*6f = 91%. Subsequently, a variation of the
percent pitch of 85% and 95% is experimentally investigatedl compared to the results.

EXPERIMENTAL FACILITY

The high-speed wind tunnel and the compressor cascade arste$e investigations have been
designed at the Chair of Aero EnginesTaiB and is shown in Figure . The design is that of an open
wind tunnel, the so-calle&iffel design. The wind gallery consists of a diffuser, settlingraber,
a nozzle and the compressor cascade itself. Different ssraed flow conditioners inserted in the
diffuser and inside the settling chamber rectify the flowdbefit enters the nozzle to provide uniform
conditions at the cascade inlet.

The wind tunnel system is fed by three radial compressons avitombined output of MW
All three compressors can be independently controlledwatlg different mass flows and pressure
ratios. Each compressor has a pressure ratld ef 2 and a massflow af,;. = 1.5 kg/s. Different
connection settings allow the provisioning of differerftom conditions for the test section. The test
section has a cross-sectional areg®fx 256 mm. For blades placed in the cross-section, Mach
numbers from\/a = 0.3 — 0.9 for corresponding Reynolds numbers betweeh’ x 10° — 1.3 x 10°
(based on axial chord length) can be established. In adgiio intercooler can also be added which
allows to vary the Reynolds number by constant Mach number.
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Figure 1:wind tunnel gallery

Geometry of the Cascade

The profile of the blades used for these experiments havedesgned byRolls-Royce Deutsch-
land Ltd. & Co.KGand is similar to blades used in current engine applicationsrms of size and
shape. The aerodynamic design is based on a purely two dion@hgvaluation of the flow field
(sectional design) with the starting for the design appndaging based on the work by McGlumphy
and NG (2007). The tandem vane geometry development wasdaaut usingMISESand theRolls-
Royce Deutschland Ltd. & Co.Kteol HYDRA(3D-CFD, full turbulent, SA-Tu model, grid genera-
tion with Numeca Autogrid) for the section.

Cax Ref C2
_— | Cuz22

Cy11

single blades tandem blades

Figure 2:Tandem Blade Geometrical Parameters

The blades are designed as controlled diffusion airfoilsAPWith a highly loaded aerodynamic
profile. The single reference blades have a chord length-ef63 mm with a blade aspect ratio of
s/c = 1.0 and a pitch-to-chord ratio af/c = 0.5. Both the design deflection angle and stagger angle
are fixed tog = 50° and~y = 20° respectively. The cascade is designed to be operated atla Mac
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Number ofMa = 0.6 and a chord based Reynolds NumbefRaf= 0.9 x 10°.An incidence variation
of +10° can be realized by rotating the moveable side wall.

The nomenclature for tandem vanes differs from ordinarglsinanes and is shown in figure 2.
Here, FB stands for the front-blades and AB for the aft-ldadespectively.
Two important geometric parameters when describing tanblewches are the axial overlap and the
percent pitch. The axial overlapO is described as

AO =Axi/Axy (1)

The percent pitctP P is described as the tangential displacement of the two blallee gap between
the two blades increases the smaller the values are fa? thdt is defined as

PP =t/s (2)

The load splitl.S is a parameter defining the work share between the front- #iriddaales. Ac-
cording to McGlumphy et al. (2009) a load split 65 = 0.5 is desirable when designing tandem
vanes. In the course of the experiments two sets of tandeeswaith different load splits are ana-
lyzed. The following two equations (cf. Eqn. 3 and 4) desetle definitions used for the Load Split.
The first one uses the diffusion factbr/” and the second thdeHaller coefficientD H.

DFy

LSpp=—"11 3

DF = PR T DR ®3)
DH,

LSpy = ——t 4

PH = B 1 DI, (4)

The adjustment of the load split (LS) was done in the desiggnam defining the upstream and
downstream flow angle. As can be seen from the values in Tabie flow angles are similar to those
of an outlet guide vane application. The tandem vanes hakera ¢tength ot:; = ¢, = 31.5mm and
the same maximum thickness for both front and rear vané®f= t/c, = 0.1. The single reference
blade and both tandem configurations show a similar thickheamber-line-angle distribution along
the relative chord length. The design percent pitch (PPgtiscsP P = 91 % and the axial overlap
(AO) to AO = 0.5. Both the reference and the tandem vanes are designed teraaliorking range
of 5°. As tandem blades can withstand a higher blade loading®#fiw separation occurs, the blade
pitch is subsequently varied in order to meet the aforerarati design criterion.

The main geometric design parameters of the tandem vanssaraarized in Table 1.

’ Case‘ Tandem‘ K11 [O] ‘ K12 [O] ‘ K21 [O] ‘ K992 [O] ‘ A [O] ‘ s/c ‘ LSpy ‘ LSpr ‘

#1 FB 50.00| 37.62 - - 12.38| 0.51| 0.50 | 0.42
#1 AB - - 37.62| 0.00 | 37.62| 0.51| 0.50 | 0.42
#2 FB 50.00| 33.45 - - 16.55| 0.45| 0.47 | 0.50
#2 AB - - 33.45| 0.00 | 33.45| 0.45| 0.47 | 0.50

Table 1. tandem geometric parameters

In addition to previous experiment (cf. Heinrich et al. (2))1 a percent pitch variation has been
added to the cascade to allow for the examination of thisenite on the secondary flow development
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especially on the rear blade in future experiments. A viamaof the axial overlap is only analyzed
numerically and not part of the experimental investigagiand therefore not subject of this paper.

Also, the incoming boundary layer can be increased by imggextension segments to the wind
tunnel. This is of particular interest as it is believed tecastrongly influence the secondary flow
development around the tandem blades.

EXPERIMENTAL SETUP AND PROCEDURES

An experimental investigation was carried out on the 2Ddmeompressor stator cascade of the
Department of Aeronautics and Astronautics at the Berlititlis of Technology. This test rig has
already been used in other publications for Active Flow Galntivestigations such as Tiedemann
et al. (2012a) and Tiedemann et al. (2012b). To investidgadlow phenomena on the compressor
stator cascade, different measurement techniques wedle use

Test rig and Test conditions

The experiments shown here were carried out at a Mach nurhi3ér.e= 0.6 and a corresponding
Reynolds number oRRe = 900.000 (based on axial chord length). The total temperature watset
T, = 50 °C using the intercooler. The turbulence intensityid % and the boundary layer thickness
699 = 6%6

Wakeflow measurements

To quantify the losses produced by these secondary flow phem® wake measurements were
conducted. A five-hole probe was used for the measuremeteofldwnstream characteristics of
the cascade. By means of this probe the magnitude of all treleeity componentd/,, V, andV,
of a flow vector, the static pressupethe total pressurg, as well as the spatial flow angle can be
determined. The straight probe features a head diamete@im and was installed at a three-
axis traversing system allowing two-dimensional wake mesments at different positions. Figure 3
schematically shows the experimental setup for the wakesumements. The measurement plane is
located half the chord length downstream of the trailingeedhe spanwise resolution is limited by
a3 mm offset to the sidewall due to the size of the five-hole-pratieKig 3).

According to Liesner et al. a loss definition is realized idearto evaluate the loss production of
each configuration Liesner and Meyer (2008).

The total pressure loss coefficient is defined as

W= Pt1 — D2 (5)
bu— M

with Index 1 representing the inflow an?lthe measurement plane respectively. The total pres-
sure of the inflowp,; is measured with a pitot tube in the settling chamber whiatoiznected to a
differential pressure sensor (Sensortechniques HDOs3eaviéh a pressure range 0f— 1 bar and an
uncertainty of max.40.5% Full Scale Output (FSO). The static pressure of the inflow éasured
half a chord length upstream of the blades using the samsyreesensors. The measurement ports of
the five-hole-probe are connected via flexible pressurestuliéh differential pressure sensors (Sen-
sortechniques HDO series) with a pressure range of 0 - 2 lseammincertainty of maxt0.5% Full
Scale Output (FSO). The deviation of the loss coefficiendpoed by error propagation amounts to
+1.54% corresponding to the mean loss of the design case.
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Figure 3. Measurement Planes

Oil flow visualization

The flow phenomena on the blade surface are visualized usegltflow pattern method. The oil
mixture is composed of thick liquid paraffin oil with blue,egm, and red fluorescent pigments with
an average grain size 6fum. The oil mixture for the sidewalls was composed using theeskouid
paraffin oil but was mixed with white pigments of titanium xiide which through its nano structure
allows a higher resolution. The mixtures were painted oh&éhilade surface and the sidewalls and
dried in the course of the experiment. The particles follbe surface streamlines in the boundary
layer. The particle motion depends on the balance betweeprssure gradient from outside the
boundary layer and the shear stresses in the boundary l&yBere the skin friction approaches
zero the color is completely removed by the flow, so separdines are visible as black lines (cf.
Maltby (1962)). After the drying process the blade’s pressand suction sides are photographed
perpendicular to the chord using a high-resolution digitahera.

RESULTS

Base configuration

In order to rate the performance of the two tandem configumatagainst a single reference blade
it is necessary to characterize the flow phenomena arousdlhie. Figure 4 shows the oil flow
pattern for the reference blade @t incidence and a Mach number 8fa = 0.60. Depicted on
the left hand side is a view of the suction side. The flow diogcts from left to right, the leading
edge of the blade is positioned at 0% c at the x-axis whilerdubrtg edge lies at 100% c. The zero
position of the y-axis is located at midspan. At about 20% easation bubble occurs followed
by an attachment line at around 30% c. A strong corner vottatssto develop at about 25% c on
both sides. Adjacent to the corner vortex a large area offlmackegion can be seen reaching from
50% c until the trailing edge. This backflow region takes uB%06 span on each side, constricting
the undisturbed flow in the midspan area to 20 - 30%. The passatex which transports fluid from
the opposite pressure side to the suction side arrives ait &086 chord length (highlighted by the
blue color). Also visible is the location where the presssice leg of the horseshoe vortex of the
opposite pressure side (white color) hits the suction siddaut 45% c.



Figure 4:0il flow visualization for reference blade50° turning angle, 0° incidence atMa = 0.60.
Depicted on the left hand side is a view of the suction side. (@or usage as follows: red color
(suction side), blue color (pressure side) and white colos{dewall).)

Tandem configuration with 91% Percent Pitch (design point)
Figure 5 shows the oil flow visualizations of the suction sifte the two tandem configurations

at the design Percent Pitch 6fP = 91%. The pressure sides which are not presented here show a

laminar flow distribution. The left two pictures show the soi side of the front-blade (FB) and the
aft-blade (AB) for theLSpy = 0.5 configuration. The general flow formation of the front blage i
similar to that of the first half of the reference blade. A sagian bubble is clearly visible again with
a separation being positioned roughly around 25% c (pleate r© is now the addition of the FB
and AB chord) and the attachment line around 35% c. The derneat of the corner vortex starts
at about 30% c and covers about 10% of the blade height on &ehBhere is a little bit of blue
color visible on the trailing edge of the front blade. As thregsure sides were painted in blue, it
could be concluded that fluid coming through the gap betwieertvto blades has been drawn into a
backflow region. However, it is too early to conclude thisdebr at this stage. The flow pattern on
the rear blade starts with an attachment line at about 558dbord length. This is clearly visible by
the green color representing the suction side flow from tbetfblade which has been lifted off the
surface by the gap flow from the suction side of the FB.

It seems as if the impact point of both the pressure side lethehorseshoe vortex from the
opposite pressure side and the passage vortex are sligitdsto the trailing edge of the rear blade.
However the blue particles originate from the pressure sfdbe FB. The PS-leg of the horseshoe
vortex and the passage vortex are blocked away from theosigitie of the AB by the gap flow. This
is clearly visible in Figure 6 and highlighted by the streanes.

The right two pictures show the suction side of the front bladd the rear blade for tHeSpr =
0.5 tandem configuration. The overall layout is similar to thathe LSpy = 0.5 configuration
although there a few differences.



Figure 5: Oil flow visualization of the suction side for tandem blades wh 50° turning angle,

PP = 91% (design point) at0° incidence atMa = 0.60. Depicted on the left hand side is the
tandem configuration with LSpy = 0.5 and LSpr = 0.5 on the right hand side respectively.
(Color usage as follows: green color (suction side FB), red twr (suction side AB), blue color
(pressure side of both FB and AB) and white color (sidewall).)

The location of the separation bubble on the
FB has moved by 5% to the leading edge. The
reason for this is the increased blade loading as 3
result of the higher turning of the FB compared
to case # 1 (cf. Table 1). The development of the §&&
corner vortex of the FB seems to be unaffectediss
by the higher turning and shows the same dimen
sion for case # 2. In contrast to the case #1 AB,
the case #2 AB does not show any sign of blue$e
paint. Furthermore it is noticeable that less green®

paint is visible on the AB and that the dimerE.

sions of the corner structures are well reduce gure 6: Close-Up of the oll flow visualization
. N : oct' the trailing edge and passage flow for the
This is an indication for an increased strength

. QSDH = 0.5 tandem blade configuration with
the gap flow which reduces the momentum e 0° turning angle, PP = 91% (design point) at

change of the FB suction side’s flow with that, . . B
of the AB and also blocks off the passage vortex incidence atifa = 0.60.
from hitting the AB (no blue particles visible).

Tandem configuration with 85% Percent Pitch

Figure 7 shows the oil flow visualization for a percent pitehiation of PP = 85%. In this setup,
the gap between the FB and AB has its maximum value positdmith the FB and AB furthest apart
from each other.
The left two pictures characterize the flow for th&,, = 0.5 configuration. In contrast to Figure

5 one can easily notice the similar flow topology on both bsadehe front blade shows a separation
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Figure 7:Oil flow visualization of the suction side for tandem blades50° turning angle, PP =
85% at 0° incidence atMa = 0.60. Depicted on the left hand side is the tandem configuration
with LSpy = 0.5 and LSpr = 0.5 on the right hand side respectively. (Color usage as follows
green color (suction side FB), red color (suction side AB), bkl color (pressure side of both FB
and AB) and white color (sidewall).)

bubble at around 27% c followed by an attachment line at 37¥e.corner vortices start to develop
around 30% c. The AB also features a separation bubblei(gtat 70% c with an attachment line
at 83%c) which is slightly positioned more upstream (coragaelatively to the FB). Disregarding
from a few minor green spots just before the separation hioegreen color is evident on the AB
suction side. The corner vortex structures are a bit morept®mBIlue paint indicates that fluid from
the opposite pressure side reaches the trailing edge ofBhend its spanwise dimension reaches up
to 25% on each side constricting the main flow to the midspea.ar
The LSpr = 0.5 tandem configuration also shows an almost similar patternodim FB and AB

but in addition continues the same tendency as seen in Figoeéore. The separation bubble on the
FB occurs a little earlier than for the case #1 and the topomgthe AB is more calm compared
to the case #1 AB (missing of blue paint), although it stititieres a separation bubble (positioned
from 75% c - 85% c). Again, the absence of green paint indsctitat due to the increased gap size
between FB and AB, the flow around the two blades can ratherisdered as two separate flows.

Tandem configuration with 95% Percent Pitch
The oil flow visualizations in Figure 8 represent the restdtshe PP = 95% variation. In this
setup, the front and rear blade have its closest tangemisitign to each other.

The flow structure on the front blade of th&'r; = 0.5 configuration (left two pictures) is similar
to the previous front blades of the same configuration. Gfeasible is the separation bubble with
a width of around 13% c ranging from 22% - 35% chord length. ddmer vortices develop around
30% c and take up to 10% in spanwise direction on both sides. r&ar blade shows, for the first
time, a 3D separation for a larger area in the midspan at #ilenty edge and a strong development
of the corner vortices (starting at 75% c and covering alr288t in spanwise direction). The blue
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Figure 8: Oil flow visualization of the suction side for tandem blades0° turning angle, PP =
95% at 0° incidence atMa = 0.60. Depicted on the left hand side is the tandem configuration
with LSpy = 0.5 and LSpr = 0.5 on the right hand side respectively. (Color usage as follows
green color (suction side FB), red color (suction side AB), blei color (pressure side of both FB
and AB) and white color (sidewall).)

particles indicate that fluid from the FB pressure side cgnthrough the gap is pushed onto the
suction side. The small size of the gap between the FB andriBslthe development of a strong gap
flow which is strong enough to encounter the passage crossafidvalso would be able to prohibit
the 3D separation at the AB TE.

The two pictures on the right hand side visualize to flow pmesoa for thel. Spr = 0.5 tandem
configuration. The front blade looks pretty similar to th@sevious case # 2 FB oil visualizations
with a laminar turbulent transition point at around 21% c ancbrner vortex development starting
roughly at 25% c. For the first time visible is a little recilation area at the TE of the FB starting
at around 45%. The rear blade now is in good alignment witlcdse # 1 rear blade except for the
missing blue particles. (The excessive amount of whiteigdast at the TE are due to the shortened
drying process.) The dimensions of the corner vorticestaesame except for the fact that there is
again a recirculation area starting at 93%.

Wake flow measurements

Figure 9 shows a selection of the conducted wake flow measuntsnfor 0° incidence at
Ma = 0.60 and aPP = 91% (for the tandem blades). These measurements represeneshe b
case scenario for the minimum losses. Figure 9 a) shows thgral spanwise total pressure loss
distribution for the single reference blade and both tandenfigurations. Apart from the symmetry
of the plots which is a sign for the good quality of the mease®ts, the different pressure loss char-
acteristics are clearly visible.

Both tandem configurations (red lines) show a well reduceal fmessure loss in the midspan

area. In the sidewall area however, the trend is reversedhansingle reference blade shows lower
absolute values especially very close to the sidewall. @ hesults are in good alignment with the oil

10



0.45
50r
0.4
a0t 0.35
Wops single = 0.0901 0 . 3
- e
£30 ) B 0.25
E — Single
> T s 0.2
201
r-0.15
10k Fr-0.1
I 0.05
0 . . i ‘ : /// ) i 0
0O 0.05 0.1 0.15 0O 5 10 15 20 25 0 5 10 15 20 25 0 5 10 152025

a) Wges b) X inmm c) Xinmm d) X inmm

Figure 9: Wake flow measurements atMa = 0.60, 0° incidence and0.5¢ behind trailing edge.
a) Comparison of integral spanwise total pressure loss disbution w,.s. b-d) Area plots of total
pressure loss distribution for single reference blade (b).Spy = 0.5 (¢) and LSpr = 0.5 (d).

flow visualizations in Figures 4 and 5 respectively. The &istonclusions that the expansion of the
corner vortex in its spanwise domain is limited by the gap fllos@ugh the front- and aft-blade is now
confirmed by the wake flow measurements.

Figures 9 b-d) show the corresponding area plots for thé poégsure loss distribution 0.5¢ be-
hind the TE. The corner vortices are quite remarkable in $eshits dimension and absolute values.
The LSpr = 0.5 tandem configuration shows slightly higher values as/tigy = 0.5 case. This is
interesting as the oil flow visualizations of the aft-bladegeneral show a more calm flow distribu-
tion for the LSpr = 0.5 tandem blades. However, for the front-blades it is a diffeszenario and
it seems as if the accumulated losses on the front-bladeot@erabsorbed by the aft-blades and are
more or less transported further.

In absolute values, both tandem configurations reduce theuat®d total pressure loss.
Wsingte = 0.0901 > wrs, g5 = 0.0805 > wrs, my5 = 0.0798.

CONCLUSIONS

This paper presents an experimental study about the segoitala development around tandem
vanes and in particular the influence of the percent pitch) @Ration on the secondary flow struc-
ture. For this purpose multi-colored oil flow visualizatotogether with wake flow measurements
were conducted. The objective was to get a thorough undhelisiga of the influence of the gap flow
on the development of the secondary flows and its influencb@agsociated losses.

Tandem configurations have the ability to reduce the totdsgure losses by limiting the extreme
secondary flow development. This study has shown that thahatyzed tandem configurations with
different blade loading definitions were capable of redgcire losses especially in the midspan area
and repressing the corner vortex expansion. Although tese®in the sidewall area increased in
absolute terms, the overall absolute total pressure Idasvaould be reduced. Interestingly to note
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however is that the higher front-blade loading of th€,, = 0.5 tandem blades compared to the
LSpy = 0.5 blades is reflected in the higher absolute total pressusevidses. This is in accordance
with former findings in literature, i.e. Frey andBle (2013).

It has also been shown, that the variation of the tangenisglatement (Percent Pitch) has a
strong influence on the secondary flow phenomena. Espethallyevelopment of the corner vortices
on the aft-blades is highly affected by the gap size betweefront- and the aft-blades. However, the
oil-flow visualization only prove this for the aft-blade. @flow around the forward-blade is hardly
affected by the position of the aft-blade which was altergdhe percent pitch variation. For the
flow propagation of the aft-blade one can conclude that ifgdue size is reduced to a minimum, 3D
separation occurs which cannot be suppressed by the eineggptflow. This was a little unexpected
and needs to be monitored in the future as the single bladerddeshow any sign of this separation.
Nevertheless if the gap size is increased, the flow strustomeeach of the tandem blades become
similar to that of a single vane and the stabilizing influeatthe gap flow is lost (cf. Fig 7).

At the moment, the results are in accordance with the availgfpen literature and prove the de-
cision of the authors to more closely examine a percent pigctation around 90%. More detailed
investigations with further variation of the blade loadingluding Mach number and incidence vari-
ations for the same percent pitch settings are planned &futlure. Together with accompanying
numerical investigations they will further enhance thewlsolge, especially in the 3D domain about
the influence of the blade loading on the developing flow simes and the associated losses for
designing tandem blade configurations.
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