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Finally, although one caimot deny that nonstationary flow has an effect
on the probe behaviour concerning the measurement of the total
pressure, it seems that in our case, probably because of the small
size of the tubes used, this influence was very small.
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Analysis of the unsteady flow in a turbine stage with
different methods

by
Einsfeld

on the turbine stage at the 'rlnstitut ftir Aerodynamik und Gasdynamik,
universitlt stuttgart' there were at first made spatial and/or temporal
lntegrating pressure measurements and high-speed schlieren and inter-
ference measurementsl) with high spatial and temporal resorution. The
essential result was: the schlieren and interference pictures show a
highly complicated unsteady flow; the consequence is, the conventional
integrating pressure measurements cannot describe satisfactorily the
universal flow behaviour. Therefore other more informaHve time re-
solving measuring techniques were appliedl techniques with less erqlense
than by the optical measurements and more e:(pense than by the pressure
measurements. Integral forces effected on the profile were determined
with semi-conductor shain-gager2) 

"nd velocity distributions with a hot-
wire anemo*et""3).
The aim of all investigations is to analyse the unsteady flow through a
turbine stage in detail and to study what is the consequence, if the
highly complicated unsteady flow is treated as a simpler one.
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Fig. 1 Turbine stage test facility

In the following some substantial results are presented.

Fig. 1 is a sketch of the turbine stage. The kinematic is changed. The

first lattice is mounted on a rotating motor-powered wheel with three
hundred profiles and the gocond lattice is stationary in the chamber

with wlndows for qltical meagurements. The airflow is directed radial
from the inner to the atmosphere.

The interference picture (Fig. 2) is one frame of a series of nine pic-
tures, tahen with a high-speed rotating mirror camera. The picture
frequency was 50 kHz. In this picture the lines are the isocores of an

unsteady transonic flow. It is to see the stationary lattice and one

trailing edge of a moving profile. The interferogram was made with a

Mach-Zehnder-interferometer. Sigrrificant is the shock in the gap bet-
ween the two cascades. The shock is a combination of the trailing-edge
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ghock on the first profile and the shock in the local supersonic region on
the second profile. The shock is moving and the interaction between the
shock and the boundary rayers gives rrse to an eseential unsteady non-
periodical part of the flow.

This fact is demonetrated ln Fig. B. on one of the profiles in the cham_
ber there was mounted a gemi-conductor strain-gage. The rength of the
profile was so selected that the first inherent bending frequency was the
same as the stimulating frequency of the rotating cascade. The ampli-
tude of the profile vibration is traced against the total pressure ahead
of the stage. Interesting is, that at first the amplitude rises nearly
linearly to a maximum. rn this region the upstream behlnd the first
cascade is sonic. Then the amplitude decreageg rapidty and the values
are fairly fluctuating. This is the consequence of the fact, that the
periodicity is reduced.

worth mentioning ls another fact. orr the rotating wheel three hundred
profiles with equal pitches and with one differring pttch are mounted.
Thie pitch is 1.5 the normal pitch and therefore the stimulation is
shifted by hundred and eighty degrees after each revolution. The con-
sequence is, that the amplitude of the vibrating profile increageg slowly
and then the amplitude decreases rapidly. Ttrat means, the decrease of
the vibration energy is faster than the increase of vibration energy. This
is shown in Fig. 4.

Another shorter profile with a strain-gage was used to measure the force
effected on this profite. The first inherent bending frequency, about
7 krlz, was in the order of the stimulating frequency and the damping
was small. This leads to difficutties.
The eclectrical signal in the oscill.ogram (rig. b) is a comblnation of the
sHmulated vtbratlon and the natural vibration. Therefore the signal cannot
be periodical. Its perlodlcal part was deduced with a numerical proce-
dure: the amplitudee and the phases of several harmonics.
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Fie. 2 " Interference picture
of the unsteady
transonic flow
through a turbine
stage

Fig. 4 Influence of an unnormal pitch on the amplitucle of the profile
vibration

FiS. 5 Analogous electrical signal of the stimulated and natural pro-
file vibration

Amplitude of profile vibration against total pressure ahead of
the stage
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Periodic part of the force from strain-gage measurement
o interferometry mean value of force:
- strain gage strain-gage measurement 1.26 kp

interferometry measurement 1.37 kp

FiE. 6 Periodical part of the profile force against the time

Blade mounted with an oil layer
between root of blade and support
I = O-Ring
2 = Blade
3 = Tightening screw
4 = Blade support

Fig. 8 Analogous electrical signal of the very damped natural profile
vibration
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Fig. 7 Measuring proflle wtth very great damplng FiS. 9 Analogous electrical signal of the unsteady profile force
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Fig. 10 Analogous electrical signal of the local velocity behind the
rotating cascade against the time

1., 1',; 1.,1,,,1., 1'r1,,1',

basic mode

Fig. 11 Frequency spectra of the local unsteady velocity behind the
rotating cascade

Fig, 12 Frequency spectra of ther local unsteady velocity behind thestationary cascade
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Fig. 13 vclocity amplitude of the first stimulated frequency against
the circumferential direction
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The results from six oscillograms, each taken at the,same measuring
conditions, are ghown in Fig. 6. The periodical part,of the profile force
is plotted against the time. The points denote values from the interfero-
metrical measurement. The curves differ slighUy each from another. That
means, tne ffow is not exacUy periodical and the measuring time, about 8
periods, is too short to eliminate completely the non-periodical part. The

amplitude of the unsteady force is about 0. 15 the mean value.

To overcome the difficnlties with the natural vibration a new shorter pro-
file with very great damping was constructed. The profile has a cylindri-
cal end which is supported in a very thin oil-layer (0.1 mm) and the gap

is sealed vdth hvo O-rings. The semi-conductor strain-gage is applicated
in a bore in the inner of the profile (FiS. ?). Fig. 8 represents the os-
cillogram of the very damped natural vibration. The consequence is, that
in Fig. I the analogous electrical signal for the force is free from a
part of the natural vibration. The picture is threefold exposed. The os-
cillograph was triggered external, coupled with the rotation of the wheel.
So the flow past the satne profiles is measured. The reproduction is good.

At present, the velocity field is measured with a hot-wire anemometer.
Fig. 10 shows the local velocity behind the rotating cascade, periodical
in time. From there the magnitude of the periodical parts and the ampli-
tude of the non-periodical parts were determined with a frequency analyser
(Fig. 11). The decrease of the amplitudes of the higher-harmonics is of

the same order as with the strain-gage force measurements.

T\ro frequency spectra of the local flow behind the stage, that is, behind
the gtationary cascade, are represented in Fig. 12. Worth mentioning
are two features. The decrease of the amplitudes of the higher harmo-
nics is faster than in the gap between the cascades. That means, the

higher harmonics are more damped during the passage through the se-
cond cascade. In Fig. 12b the first stimulated frequency is 5.5 kHz.
Below this frequency there exist two other frequencies. They can be in-
terpreted as a standing-wave phenomenon in the flow downstream of the

stage. Ttre peahs rqrresent the third and the fifth harmonics of them.
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The fourth and the sixth harmonics were detected at other flow condi-
tions

Another essential fact is, that the amptitudes of all harmonics var.y con-
siderably from polnt ln a given test plane. Fig. 13 shows the veloctty
amplttude of the first stimulated frequency against the circumferential
direction. In the wakes the amplitude is greater than in the potential
flow. This fact must be important for the development of the boundary
layer.

The aim of the measurements with the hot-wire anemometer is to study
the relation between the periodical and the non-periodical parts of the
unsteady flow.


