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ABSTRACT

This paper deals with the numerical flow-simulation of a
transonic compressor stage, which has been investigated for
baseline as well as distorted inflow conditions at the Institute
of Propulsion Technology of the DLR in Cologne (Dunker [1]
and Lecht [2]). The inlet distortions are generated in the ex-
periment upstream of the compressor stage by non-rotating steel
bars, while in the numerical calculations the total pressure and
inflow angle distribution measured downstream of the bars are
taken as inflow boundary conditions. The circumferential ex-
tent of the generated total pressure and inflow angle distortion
is 120 degrees. Numerical simulations were performed for uni-
form inflow conditions at 85% and 100% rotational speed. For
disturbed inflow conditions, a full-annulus calculation has been
carried out for an operational point at peak efficiency. The object
of the investigations is to validate the flow solver for compressor
flow with distorted inflow. The results from time-averaged nu-
merical and experimental data are compared extensively. The
experimental trends are qualitativly and in the most part also
quantitativly well reproduced in the numerical calculations.

NOMENCLATURE
p static Pressure

T Temperature

P, total pressure

T, total temperature

*Address all correspondence to this author.

o radial flow angle

INTRODUCTION

In order to increase safety and efficiency and decrease costs
during the design and development process of modern aircraft,
highly efficient and accurate design tools are necessary. One de-
mand on these tools is to predict the flow behavior on the aircraft
fuselage and its wings as well as inside of the jet engine for an en-
tire flight mission. To achieve this aim the flow physics have to be
simulated correctly and therefore the interaction of the inner jet
engine flow and the outer flow around the aircraft has to be taken
into account. An accurate simulation is crucial for situations
where high aerodynamic loads are present. Critical phases occur
amongst others at take-off or flight through an area with strong
crosswind, where highly turbulent air with both spacial and tem-
poral variations may dominate the inflow of the jet engine. These
intake distortions increase the risk of compression system insta-
bilities and loss of efficiency. Inlet distortions may be composed
of total pressure-, angle-, and total temperature distortions, de-
pending on the particular configuration. All three disturbances
cause a reduction of the stable operation range. Despite many
experimental investigations, there is still a high demand for re-
search in the field of inlet distortions. A good overview of the
effects of intake distortions is given by Longley and Greitzer [3],
as well as by Cousins [4]. Experimental investigations were car-
ried out by Schmidt et al. [5], Peters et al. [6] [7], Reuss [6] and
Wadia et al. [8], [9]. In order to predict accurately the creation
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and the migration of the inlet disturbances and their impact on
the compressor, the acrodynamics in front of the engine and the
flow into the jet engine have to be simulated simultaneously. At
present, most of the numerical methods are specialized either for
inner or for outer aerodynamics. One possibility to solve this
problem is to couple two codes: one specialized for inner and
the other for outer flow dynamics. This strategy is pursued by
members of the DFG (German Research Foundation) research
project FOR 1066, where two DLR codes TAU and TRACE are
coupled. In this paper validation tests of the TRACE-code are
presented with the focus on inlet distortion and its effect on com-
pressor performance. These validation tests refer to a data set of
a transonic compressor stage, which was experimentally investi-
gated for uniform [10], [1] and disturbed [2] inflow conditions at
the DLR’s Institute of Propulsion Technology in Cologne (DLR
AT). The speed line characteristics are used to gauge the over-
all performance of the machine and to evaluate the accuracy of
simulations of the compressor in general. The experimental data
collected by Lecht [2] are the total pressure ratio, total tempera-
ture ratio and flow angles on various axial cross sections of the
compressor stage. One consequence of distorted inflow is a shift
in the surge line and hence a decreasing operational range.

TEST CASE AND TEST ROTOR

The compressor stage under investigation in this study is
a transonic high-pressure compressor, operated at the DLR AT.
The experimental setup is shown in Figure 1. It was designed for
a spool speed of 20260 RPM with a total pressure ratio of 1.51
at an equivalent mass flow of 17.3 kg/s under standard reference
conditions (288 K and 101325 Pa). The rotor diameter is 398 mm
with a hub-to-tip ratio of 0.5 and a maximum blade tip speed of
424 m/s. Overall, 28 blades with MCA profile and an average
chord length of 50 mm were used.

Two different stator rows were used, depending on whether
disturbed or undisturbed inflow conditions were applied: For
uniform inflow conditions, the blade row consists of 60 blades
with NACA-65-profiles, while for distorted inflow conditions 72
blades of the same profile were used. For the configuration with
28 rotor- and 60 stator blades, detailed temperature and pressure
measurements as well as Laser2Focus measurements are avail-
able. For the second configuration, detailed measurements of
temperature, pressure, and flow direction exist only with dis-
turbed inflow conditions. For all measurements there are no
available data for turbulent intensity or turbulent length scale. In
Table 1, the main parameters of the compressor are summarized.
The inlet distortions were generated upstream of the compressor
stage by a wake generator with non-rotating steel bars. The cir-
cumferential extent of these distortions was either 60 or 120 de-
grees. However, most of the published experimental data refers
to the 120 degree-distortion.
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FIGURE 1. TRANSONIC COMPRESSORE STAGE TEST RIG
WITH MEASUREMENT PLANES, [2]

NUMERICAL PROCEDURE
Solver

All numerical results presented in this paper have been car-
ried out using the flow solver TRACE developed by DLR AT
in collaboration with MTU Aero Engines. The code solves the
unsteady Reynolds averaged Navier-Stokes equations with a fi-
nite volume approach and is optimized for the computation of
internal flows in turbomachines. All convective fluxes are dis-
cretized using the TVD upwind scheme by Roe [11], which is
combined with a MUSCL extrapolation scheme to gain second
order accuracy in space. On the other hand all diffusive fluxes
are discretized using a second order central differencing scheme.
For all steady state calculations presented in this study a time
marching technique with an implicit predictor corrector scheme
has been used. The dual time stepping approach used for the un-
steady calculations utilizes an Euler implicit scheme within the
pseudo-time level while a second order accurate Crank-Nicolson
scheme is incorporated for physical time integration. The result-
ing linear system of equations is iteratively solved by a symmet-
ric Gauss-Seidel relaxation scheme. A fully conservative and
time-accurate coupling between moving and non-moving grid
blocks is accomplished by a patched-cell algorithm [16]. Fur-
thermore non-reflecting inflow and outflow boundary conditions
are implemented. Turbulent flow is taken into account by us-
ing the Wilcox [12] k- turbulence model which is extended
by a time scale bound by Durbin and Peterson-Reif [13] in or-
der to avoid an unrealistic production of turbulence near stagna-
tion points. For more detailed information about TRACE refer to
Kozulovi¢ et al. [14] [15], Yang et al. [16] [17], Niirnberger [18]
and Eulitz [19].
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TABLE 1.
NAMIC DESIGN PARAMETERS

TRANSONIC COMPRESSURE STAGE AERODY-

Rotor speed at 100 % speed 20260 rpm
Rotor blade number 28

Mass flow rate 17.3 %g
Tip speed at 100 % speed 424 %
Total pressure ratio 1.5

Hub- tip ratio 0.5

Tip clearance 0.3 mm

0.3 % blade height
0.51 % chord length

Homogen. inflow cond. (Config. 1)

Stator vane number 60

Profile NACA65/60
Average chord length 30mm
Inhomogen. inflow cond. (Config. 2)

Stator vane number 72

Profile NACA65/60
Average chord length 22mm

Grid and Simulations

Four different types of numerical simulations were per-
formed: Steady-state simulations for a one rotor and one sta-
tor blade passage, unsteady simulations for a configuration of
one rotor blade passage and two stator blade passages as well as
steady and unsteady simulation for the entire compressor stage.
The first two simulation types were conducted with uniform in-
flow conditions. For steady runs, the mixing plane concept was
applied. Here, the same uniform flow condition in all rotor and
stator blade passages is assumed. In the absence of inlet dis-
tortion, a single passage caculation is a good approximation of
the full annulus flow. The unsteady simulations were undertaken
using the scaling technique, such that the number of rotor and
stator blades must have a integer ratio. Thus, the stator geometry
of configuration 1 had to be scaled down from 60 to 56 blades.
Applying a grid with one rotor and two stator passages, results
in a one-to-one match at the interface. The last two simulation
types refer to distorted inflow conditions (configuration 2). Here
no simplifications can be made and all 28 rotor and 72 stator pas-
sages have to be taken into account.

The simulations for uniform inflow conditions were con-
ducted with a computational grid which was designed in order to
accurately simulate flow phenomena like the tip leakage, blade
row interactions, and shock-boundary layer interaction. The
boundary layers on the blade surfaces are resolved with more
than 20 elements in the wall normal direction. Seven elements in
the radial and 155 elements in the axial direction are used for the
tip gap. The grid for the axial gap between the rotor trailing edge
and the stator leading edge consists of 51 elements in the axial
direction, which permits an accurate simulation of the wake flow.
Altogether the grid for the unsteady simulations with one blade
and two vane passages contains about 1.2 million grid points.

In order to accurately predict the boundary layer develop-
ment and the behaviour of the tip leakage vortex, the resolution of
the grid was maintained from the single passage calculations, for
flow-simulations with distorted inflow conditions. Therefore the
computational grid consists of 766 structured blocks and more
than 50 million grid points.

For unsteady runs, the governing time dimension has to be
highly discretised in order to predict accurately the transient na-
ture of the tip leakage flow and wake flow. This time dimension is
related to the blade passing frequency. Overall 512 physical time
steps were used to resolve this passing frequency. A converged
unsteady flow simulation of the blade passage was obtained after
8 blade passing periods.

Boundary Conditions

For all walls viscous wall boundary treatment is used. The
maximum y+ values are lower than 1.5 where low Reynolds
treatment was used (blade walls) and about 30 where wall func-
tions were used (hub and tip walls). At the exit plane of the
compressor, equilibrium of the static pressure was prescribed.
The treatment of the inlet boundary condition has to be adapted,
hence the inlet boundary condition was used to prescribe the inlet
distortion. A nonreflecting Giles [20] inlet boundary condition
was modified to read in a 2D inlet plane for total pressure, total
temperature and the inflow angle. Since experimental data is only
available for midspan, the distortion is assumed to be constant in
radial direction and varies only in circumferencial direction (see
Figure 2).

Most of the experimental data was collected for a distortion
of 120°extent, hence the 120°distortion was used for the simu-
lations. The measured total pressure and inflow angle distribu-
tions behind the distortion generator are used as input for the
inlet boundary condition of the numeric simulation. The mea-
surement plane, and consequently the simulation inlet plane, is
50 mm upstream of the compressore stage. For the simulation,
the input was smoothed somewhat for numerical reasons. Both
measured and prescribed circumferencial total pressure and in-
flow angle distributions for 100% rotation speed at midspan are
shown in Figure 3.
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FIGURE 2. INLET PLANE WITH QUALITATIVE DISTORTION

between 80% and 100% span. The maximum deviation of tem-
perature rise is 10%. This difference occurs between 20% and
80% and is possibly due to the lack of a transition model. This
assumption is supported by experiences of the authors with other
transonic compressor calculations at the same Reynolds number
of about 3 Million. The temperature plots show that steady and
time-averaged unsteady numerical data are nearly the same. Ob-
viously, the unsteadiness of the rotor stator interaction plays only
a minor role at design speed.
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FIGURE 3. MEASURED AND PRESCRIBED INLET DISTOR-
TION

RESULTS OF SINGLE PASSAFGE SIMULATIONS

In the first part of the investigation, steady and unsteady sim-
ulations were performed for uniform inflow conditions using the
periodic boundary technique. The numerical investigations were
conducted for the configuration 1, with 28 blades and due to do-
main scaling 56 vanes. Figure 4 displays the radial profile of the
total temperature at 100% rotational speed near peak efficiency
and near stall downstream of the stator row. Steady as well as
time-averaged unsteady numerical data are plotted. The temper-
ature distributions show a generally good agreement, particularly

L i TN AR A i L L e L L
T 20 30 M0 /0 0
Total temperature T, Total temperature T

FIGURE 4. MEASURED AND PREDICTED TEMPERATURE
PROFILES AT DESIGN CONDITIONS MIDCHANNEL AT STATOR
EXIT, AT PEAK EFFICIENCY (LEFT) AND NEAR STALL (RIGHT)

The following two Figures display measured and simulated
Mach number distributions at 100% rotational speed. Figure 5
shows the Mach number distribution for design condition, Fig-
ure 6 refers to flow conditions at high aerodynamic load. For
both operating points, the time-averaged numerical data and the
experimental data (acquired using the L2F-technique) show good
agreement. The extent of the Prandtl-Meyer expansion, position
and shape of the passage shock waves and Mach number levels
for the whole rotor passage are well predicted. At design condi-
tion, both plots exhibit an oblique passage shock wave followed
by a normal shock wave. Near instability onset, numerical and
experimental data reveal a significant expansion on the suction
side with Mach number values higher than 1.4. Furthermore,
a detached normal shock has developed. Due to a significant
shock-boundary layer interaction, a rapid growth of the bound-
ary layer can be seen downstream of the shock position. Near
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FIGURE 5. MEASURED (LEFT)AND SIMULATED MACH NUM-
BER DISTRIBUTION AT 69% SPAN AT PEAK EFFICIENCY AND
100% ROTATIONAL SPEED;

the rotor tip, the boundary layer growth is underestimated by the
simulation for high aerodynamic load. Nonetheless, a qualitative
good overall prediction of the flow behaviour in the rotor section
is achieved.

With the experience gained in the first part of the project,
further simulations were performed for the second compressor
configuration with 72 instead of 60 vanes. Since the geometry
of the blades is identical, the stage geometry could be adjusted
relatively easily. Steady simulations for one blade passage and
uniform inflow conditions were carried out as a first step. This
was done in order to compare the predicted and measured perfor-
mance offset caused by the disturbed inflow.

Figure 7 shows the speedline of the compressor at 85% rota-
tional speed as calculated from numerical and experimental data.
The plot contains performance values for several operating points
between peak efficiency and instability onset. Efficiency and to-
tal pressure ratio are normalised with their respective values at
peak efficiency. Overall, a similar behaviour with a decreasing
mass flow rate can be found. As the performance data represent
the only available experimental data without inlet distortions, a
more detailed analysis cannot be performed.

Results of the simulations with distorted inlet

Due to limited computational ressources, only one operat-
ing point was simulated so far. The 85% characteristic was pre-
ferred, since more experimental data is available for this speed-
line. Measured and simulated inflow conditions are plotted in

FIGURE 6. MEASURED (LEFT)AND SIMULATED MACH NUM-
BER DISTRIBUTION AT 69% SPAN NEAR STALL AND 100% RO-
TATIONAL SPEED;
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FIGURE 7. PERFORMANCE MAP FOR THE 85% CHARACTER-
ISTIC, CONFIGUTRATION 2
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Figure 3. At midspan, the extent of the total pressure distortion
is almost 120°degrees and the pressure loss is up to 13%. More-
over, a variation of the inflow angle can also be seen. To validate
the global flow behavior Figure 8 shows the measured pressure
rise characteristics of the compressor stage at 85% of design ro-
tor speed with distorted inflow. The comparison of the operating
point displays global flow features and is hence a strong indi-
cation if the numerical simulation captures the general behavior.
The operating point for peak efficiency is in good agreement with
the measurement.

FIGURE 8. OPERATING POINT WITH DISTORTED INFLOW

Having confirmed that the global nature of the flow is cor-
rectly captured, the results can be discussed in more detail. Ex-
perimental data is available for three axial locations. In Figure
1 the measurement planes are shown and all indices refer to this
nomenclature. For plane 6, which represents the distorted in-
flow plane upstream of the rotor, and for plane 9, which repre-
sents the outflow plane, only static and total pressures at midspan
were measured in the experiment. For this reason the main focus
will be on midspan data, especially since the inflow distortion
was modelled only from midspan data as discussed previously.
The circumferencial distribution between rotor and stator of total
temperature, total pressure and the flow angle is also available for
25% and 75% span. Comparison of numerical and experimental
data for these radial positions will be shown subsequently.

In Figure 9, the circumferential total and static pressure dis-
tribution for 50% span in the inlet plane are plotted. The total
pressure in the simulation is fixed by the inflow boundary condi-
tion, while the static pressure is calculated. The global trend is
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FIGURE 9. CIRCUMFERENCIAL TOTAL AND STATIC PRES-
SURE DISTRIBUTION, INLET PLANE

quantitativly and qualitativly in good agreement. The deviation
of the static pressure caculated numerically is stronger between
220°and 260°than the deviation seen in the undistorted cases.

FIGURE 10. CIRCUMFERENCIAL TOTAL TEMPERATURE IN-
CREASE DISTRIBUTION BETWEEN ROTOR AND STATOR, 50%
SPAN, (Plane 8)

Between rotor and stator the measured and calculated results
show a constant offset of less than 5 %, therefore to facilitate
the comparison of the trends the flow quantities are referenced to
undistorted flow. The circumferencial total temperature increase,
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FIGURE 11. CIRCUMFERENCIAL TOTAL PRESSURE IN-
CREASE DISTRIBUTION BETWEEN ROTOR AND STATOR, 50%
SPAN, (Plane 8)

FIGURE 12. CIRCUMFERENCIAL FLOW ANGLE DISTRIBU-
TION BETWEEN ROTOR AND STATOR, 50% SPAN, (Plane 8)

total pressure increase and flow angle distribution are plotted in
Figures 10 - 12. For the exit plane downstream of the stator only
the total pressure increase distribution was measured at midspan,
which can be seen in Figure 13. For all quantities the trend is
reproduced for the most part reasonably well. Especially the to-
tal temperature increase during the distortion is reproduced. The
total temperature increase reflects the specific energy addition.
The trend is due to the interaction of the flow angle and total
pressure deviation. The angle variation produces a co-spin for
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FIGURE 13. CIRCUMFERENCIAL TOTAL PRESSURE IN-
CREASE DISTRIBUTION AFTER THE STATOR, 50% SPAN, (Plane
9)

the passing rotor blade in the first part of the distorted area and at
approximately 300°where the algebraic sign changes a counter-
spin. This affects the variation due to the total temperature in-
crease. The rotor transfers less specific energy to the flow where
loading is reduced and more where it is highly loaded. None
of the calculated profiles matches the experiment from 280°to
340°circumferencial position, where experimetal results for total
temperature and flow angle show a high gradient.

A closer look at the axial evolution of the total pressure in-
crease shows, that the trend is reproduced in general well, how-
ever there are some deviations, too. For Planes 8 (Fig. 11) and 9
(Fig. 13), it can be seen that the slope of the decrease at 100°is
well predicted, however the numerical calculation overestimates
the entire decrease. The increase of total pressure in the simula-
tion is more rapid but shows saddle points, like the experiment.
At plane 9 (Fig. 13), the measured values of P9 never seriously
exceed P;3, whereas this is the case for the numerical values.

The numerical results for total pressure and temperature
combine with the A distribution between rotor and stator, plane
8, (Fig. 12). The slope are in good agreement, however the peaks
are overpredicted at about 100°and underpredicted from 280°and
340°circumferencial position and the extent of the distortion in
the numerical results is smaller than in the measurement.

As the part between 280°and 340°differs in all simulations
from the measurements, it has to be discussed in detail. In the
experimental results, the total temperature increase distribution
(Figure 10) shows a depression between 280°- 340°, which is
stronger than the first one between 100°- 150°and not reproduced
by the numerical results. As the total temperature increase de-
picts the total energy addition this implies that in this part the
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rotor adds less energy to the fluid, although the inflow condi-
tions for this part leads to a higher loaded blade. A higher loaded
blade results in higher energy addition at least if the losses due
to flow separation are not dominant. If significant flow separa-
tion occurs, the losses increase and hence the energy addition
would decrease dramatically. Also the angle distribution is an
indication of significant flow separation. The main source for
angle deflection behind the rotor is the axial velocity distribution
because of the total pressure distortion. This correlation can be
seen in the simulated angle and total pressure distributions Fig-
ure 11 and 12. Where the total pressure is low also the axial flow
component is low and therefore the magnitude of & increase in
the velocity triangle. The high negative values in the part be-
tween between 280°- 340°of the measured angle distribution, in
combination with the measured total pressure distribution show
that the high negative values of the angle deviation occurs in an
area where the total pressure distortion is quite small. These two
facts suggest that massive flow separation occurs for this inflow
conditions. For the correct reproduction of the flow separation,
a transition model is required in the numerical calculation. All
boundaries of the full annulus calculation were modeled as fully
turbulent, because of limited computational resources. Hence
transition effects can not be reproduced. To check the influence
of the transition on the flow from 280°to 340°circumferencial
position, single passage calculations have been carried out with
and without a transition model. A y-Reg [21] transition model,
which is incorporated into the k-® turbulence model was used to
model transitional effects. The model accounts for several modes
of transition that are dominant in turbomachinery flows, namely
natural, bypass, separation induced and wake induced transition
(cf. [22]). The conditions for the sector where the differences
occur were taken as boundary conditions. Stable converging re-
sults for these conditions only developed for fully turbulent cal-
culations. In order to get stable results with an active transition
model, the static back pressure had to be reduced. The instability
of the calculation with transition model is an indication that the
flow behaviour depends on transitional effects and that signifi-
cant flow separation occurs. Therefore it is most likely that the
compressor operates in the sector from 280°to 340°beyond the
stability boundary. This condition occurs if there is enough of
the annulus operating on the stable side to maintain overall sta-
bility [3]. The single passage calculation with transition model
is apparently better able to predict instabilities with the given
flow conditions than full turbulent calculations. Hence it is most
likely that the use of a transition model is able to reduce the gap
between measurement and calculation.

Also the general overprediction of the decrease of the total
pressure is likely due to turbulence modelling. For the use of
eddy viscosity models like the Wilcox k-@, model isotropic tur-
bulence is assumed. Tests of Lecht [2] with the bar grid show
that the mixing of the unsteady wake structures behind the bars
is not complete even at the rotor trailing edge. So the assump-

tion of isotropy turbulence is only somewhat valid. There is no
possibility to take anisotropy into account because there is no ex-
perimental data and it would demand superior turbulence mod-
els, which would increase the computational effort immensely.
Therefore, with the turbulence model used here, the momentum
exchange between distorted and undistorted flow is most likely
underpredicted. This results in a slower mix out of the total pres-
sure distortion, in the numerical simulations.
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. Measurement
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FIGURE 14. CIRCUMFERENCIAL FLOW ANGLE DISTRIBU-
TION BETWEEN ROTOR AND STATOR, 25% SPAN, (Plane 8)

Different spanwise positions are also considered. In Figures
15 and 14, the Aa distribution at 25% and 75% span are shown.
The result for 75% span is quite similar to that for midspan, in
terms of the well predicted trend and the negative overshoot in
the part between 280°and 340°. In contrast to the midspan result
the whole deflection is underpredicted. At 25% the underpredic-
tion is worse. The trend is still reproduced, but the amplitude is
low. For the total temperature, Figures 16 and 17 show the com-
parison between simulation and experiment. In contrast to the
flow angle distribution, the total temperature distribution shows
avery good agreement at 25% and 75%, except between 280°and
340°. The reproduction of the total pressure at 75% span in Fig-
ure 18 shows the same trend as for midspan. The general trend
is similar but the amplitude is overpredicted. Lecht [2] points
out that in the experimental results, the total pressure distortion
is mixing out stronger in radial direction, yet this trend is only
weakly reproduced by the simulation. For 25% span the extent
of the distortion is reproduced in spite of the fluctuation that is
shown in the exprimental data between 100°and 200°. For the
results at different spanwise positions one important shortcom-
ing in the numerical setup is, that there is only midspan data of
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FIGURE 15. CIRCUMFERENCIAL FLOW ANGLE DISTRIBU-
TION BETWEEN ROTOR AND STATOR, 75% SPAN, (Plane 8)

FIGURE 16. CIRCUMFERENCIAL TOTAL TEMPERATURE IN-
CREASE DISTRIBUTION BETWEEN ROTOR AND STATOR, 75%
SPAN, (Plane 8)

the measured distortion available. Hence there is no information
for radial distortion distribution, which can vary due to possible
compressor and distortion grid interaction.

CONCLUSION

Detailed numerical simulations were performed on a tran-
sonic compressor stage for uniform and disturbed inflow con-
ditions. For uniform inflow conditions, a comparison between

FIGURE 17. CIRCUMFERENCIAL TOTAL TEMPERATURE IN-
CREASE DISTRIBUTION BETWEEN ROTOR AND STATOR, 25%
SPAN, (Plane 8)
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FIGURE 18. CIRCUMFERENCIAL TOTAL PRESSURE IN-
CREASE DISTRIBUTION BETWEEN ROTOR AND STATOR, 75%
SPAN, (Plane 8)

predicted and measured flow variables was conducted at differ-
ent operating conditions. The comparison of circumferentially
averaged total temperature profiles indicates that the differences
are of an acceptable magnitude. The differences observed are
possibly due to the absence of a transition model and there-
fore an underestimation of the secondary flow effects and profile
losses. The simulated Mach number distributions at two differ-
ent blade heights exhibit a good agreement with the experimental
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FIGURE 19. CIRCUMFERENCIAL TOTAL PRESSURE IN-
CREASE DISTRIBUTION BETWEEN ROTOR AND STATOR, 25%
SPAN, (Plane 8)

data from L2F-measurements. After checking the agreement be-
tween simulation and experiment for uniform inflow conditions,
numerical simulations with total pressure distortions have been
carried out. The results have been presented and discussed in-
depth. The numerical calculated and the experimental measured
operating point are similar. The results show that general flow
trends are well reproduced. For the significant flow quantities
the numerical calculation match the trend well. The differences
of numerical and measured results at around 300°have been dis-
cussed and explained. This work shows that this solver is ap-
propriate for inlet distortion flow calculation. On the follow up,
a state-of-the-art compressor rig will be impinged with distorted
flow which will be produced by a new designed distortion body.
Both the compressor and distortion body flows will be investi-
gated numerically and experimentally. In these investigations the
distorted inflow will be modelled directly.
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