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ABSTRACT

A method is described which enables a determination of the inlet
flow angle of transonic cascades during testing. It utilizes the
blade as a flow angle probe, whereby the calibration is performed
by a few blade to blade calculations. The method is applicable in

the subsonic and low supersonic Mach number range.



Introduction

At subsonic and supercritical inlet flow velocities flow angle
probes are successfully used to determine the cascade inlet flow
angle. The inlet periodicity may be checked either by traversing
with a single probe or by mounting several probes in the inlet
reference plane, where also the inlet velocity is measured by
sidewall static taps.

Above inlet Mach numbers of about 0.8 the application of probes
becomes critical and around M; = 1.0 probes would destroy the in-
let flow quality completely. Unfortunately in the transonic flow
range the inlet flow angle depends on the back pressure and it is
therefore possible to achieve different inlet flow angles at the
same geometric position of the cascade in the wind tunnel. The
possible solution by measuring the inlet flow angle and velocity
distributions with a Laser system is very time consuming and pro-
hibitive for large test series. In addition it is nearly impos-
sible to adjust the inlet flow angle in this way to a desired
prescribed value. Therefore a new method for the determination of

the inlet flow angle of transonic cascades had to be found.

Description of the method

Within the last years a new method has been applied successfully"
which relies partly on theoretical data. It is similar to the
method described by Weingold and Behlke (1986) for measurements
in multistage compressors and uses the theoretically predicted
suction surface velocity. In fact it is utilizing the blade as a
flow angle probe, whereby the calibration is performed by a flow
field calculation. Therefore, the final measurement accuracy is
also depending on the quality of the computer code. Another prior
condition of this method is the observation that surface measure-
ments and inviscid prediction agree quite well in the front part
of the suction surface, a result which was confirmed by L2F mea-
surements. Fig.l shows as an example the agreement between mea-
sured and predicted surface Mach number distribution of a super-
critical CDA cascade whereby the inlet flow angle was adjusted by
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probes and the calculation performed by an inviscid code. Diffe-
rences due to viscous effects are observed generally behind 30 to
40% of chord on the suction side and along the pressure side
(caused by the suction side). Therefore, a suction surface posi-
tion between 5 to 20% would be best suited for these measure-
ments. In Fig.l the 10% position is selected with a corresponding
suction surface Mach number denoted Mgg.
By varying the inlet flow angle (measured with reference to cir-
cumferential direction) the predicted surface Mach number distri-
bution is changing as shown in Fig.2. All the suction surface
curves are crossing nearly at one point. This is a unique feature
of all subsonic and supercritical blade sections.
Therefore, at these inlet velocities the inlet Mach number may be
determined also from the measured surface Mach number at this
special point. Ahead of this point, the surface Mach number
changes linearly with the inlet flow angle as shown in Fig.3 for
the 10% chord position at different inlet flow Mach numbers. Such
a favorable behaviour exists also for the gradient dB;/dMgg of
these curves which varies also linearly with M; up to a certain
value beyond which it becomes constant (Fig.4). The latter effect
is due to the well known freezing of the front surface Mach num-
ber around sonic conditions. It is clearly visible in the surface
Mach number distribution of Fig.5 and even better in Fig.6 which
shows the distributions of a Propfan section around sonic inlet
velocities.
If the suction surface Mach number Mg, of the supercritical blade
section is plotted as function of the inlet Mach number at a con-
stant inlet flow angle, again a linear dependency is obtained up
to the freezing condition as shown in Fig.7. By using, for in-
stance, B4 of Fig.7 as a constant reference value (together with
the corresponding Mgg-curve as Mgg ref ) as well as the dependen-
cy dBq/dMg, of Fig.4 a simple relationship can be derived for
predicting the inlet flow angle from measured suction surface and
inlet flow Mach number:

By = (Mgg - Mgg ref) dBy/dMgg + Bl ref (1)

Due to the linear dependencies only four flow field calculations

are required at two different inlet flow angles and corresponding
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inlet Mach numbers to establish the “calibration curves" of
Fig.4 and Fig.7 below the freezing point around M; = 0.85. Beyond
the freezing point dBq/dMg, and Mgy ¢ remain constant and. two
additional calculations are necessary at different inlet flow

angles to cover this velocity range.

The dependency of the suction surface Mach number from the inlet
flow angle at low supersonic inlet flow conditions is explained
at the transonic compressor blade section L030-4 which has a
design inlet Mach number of M; = 1.085 (Schreiber, Starken,
1984). In Figs.8 and 9 the variation of the surface Mach number
distribution with inlet flow angle and inlet Mach number is
shown. It can be derived from Fig.9 that between about M; = 0.975
and ¥y = 1.04 the velocity is constant along the front suction
surface (frozen condition) and is increasing again at higher in-
let Mach numbers. If the 8.9% chord position is considered with
the respective surface Mach number M., the diagrams of Figs.10,
11 and 12 can be derived which describe again the relations
sgr By, and dBq/dMg . It is quite evident that near
linear dependencies also exist at supersonic inlet velocities.
Thereby the gradient dfq/dM g remains constant above M; > 0.97
(Fig.12) whereas the suction surface Mach number Mqq increases
again above a certain inlet Mach number which depends on the
inlet flow angle (Fig.l1l). In order to establish the supersonic
dependencies therefore only two additional flow field calcula-
tions are necessary at constant inlet flow angle. In Fig.ll ex-
perimentally derived data at choked condition as well as the pre—'
dicted unigue incidence curve are included as lower boundaries.
With the aid of one curve of Fig.ll (determination of Mg ,ef) 8L
a fixed By as By .o ¢ and the dependency shown in Fig.12 (determi-
nation of dB,/dM..) an approximate but rapid prediction of the
inlet flow angle is possible using again equation (1). The method
is very useful because it offers the possibility to continuously
calculate and observe the inlet flow angle during cascade tests
by measuring only the inlet and one suction surface Mach number.
The accuracy of this method depends, of course, on the accuracy
of the computer code to establish the calibration curves, but

also on the linear approximations and on the determination of Mj.

between M;, M
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verification

In order to check this method, a test series has been performed
with a Propfan cascade at an inlet Mach number of My = 0.9. Laser
measurements (L2F) just upstream of the leading edge plane at
three different incidences showed good agreement to the results
of the above described method.

In order to proof the general validity of the method, ten dif-
ferent compressor cascades have been analysed theoretically at
various inlet flow conditions. All cascades confirmed the near

linear dependencies describéd before.

The method was applied in testing two Propfan cascades and one
transonic cascade. It was possible to adjust the inlet flow
angles to prescribed values. Therefore the number of test points
could be substantially reduced against other test series.
Furthermore this technique showed a considerable reduction of

data scatter.

Conclusion

A method has been developed which permits the determination of

the inlet flow angle in transonic cascades. It utilizes the blade
as a flow angle probe, whereby the calibration is performed by a
few blade to blade calculations. The calculations may be inviscid

or viscous computations.
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