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1. Introduction

For some years a two-dimensional stean tunnel exists
at the Applied Mechanics Laboratory of the Royal Military
Academy of Belgium. A description of the tunnel is given
in Ref 1 and 2. The aim of this contribution is to explain
how optical methods, which are standard techniques for
performance evaluation of turbomachine blades in air tunnels
can be used when the fluid is steam.

A two-dimensional cascade of typical steam turbine Tip
Section profiles of a last stage rotor was placed in the test
Section of the tunnel. Two visualization methods are applied
Schlieren and interferometry which are eéssentially qualita-
tive methods. To quantify the cascade performance a laser-
velocimeter is used.



14-2

While in asir tunnels the requirements of the test section
windows are relatively modest, some additional conditions
must be fulfilled when making visualizations in steam :

- The optical properties must be maintained at high
température

- the windows must withstand strong temperature gradients,
As a matter of fact, the test section temperature may be as
high as 250°C, while the other side of the window is at
ambient temperature

- They must also resist o high temperature variations
occurring especially when stariting the. facility

- the windows must withstand pressure forces in both
senses because The Test section pressure may be above or
below the ambient pressure

- 1t should be possible to drill holes or grooves to
fix the blades without having exagerated local stresses

On top of that, the fixation of the windows in the tun-

nel side walls should

- exclude clearances with the blade ends at any tempera-
ture

- control the stresses exerted on the windows by thermal
dilatation of the blades along the span and by deformation
of the tunnel side walls.

Perspex windows, which are very cheap and easy to shape
giving complete satisfaction in flow wvisualization techni-
ques in air tunnels, cannot withstand steam. As a matter of
fact already at 80°C, perspex is loosing i1ts hardness while
its thermal dilatation is very important so that plastic
deformation occurs. Ordinary glass cannot withstand impor-
tant local temperature gradients nor the temperature varia-
tions occurring when starting the tunnel. -
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lowed by a beam expander, increasing the diameter of the
incident laser beam entering the focussing lens by a factor
2.27. As a result of this, the measuring volume diameter is
decreased by a factor 2.27 while the length is decreased by

5 and the S/N increased by about 5. However the beam distance
is also increased by 2.27 resulting in 15 pm wide fringes

when a focussing lens of 600 mm focal distance is used (Fig 5).

¢. Receiving optics.

Forward scattering is used %o provide the best S/N
especially for the high velocities we are dealing with. To
avoid scattering light from reflections of the incident beams
on the windows, the "on-axis" position of the photomultiplier
1s not advisable, especially for the small angle of the beams,
which is only 2°, With respect to the optical axis, the
photomultiplier is placed at z24v,

As to our experience, only satisfactory results could be
obtained with fused silica windows. As a matter of fact due
to the density gradients of pyrex, the photomultiplier could
not be kept centered on the probe volume when the velocimeter
platform was moved around the cascade.

d. Signal generation

As superheated steam does not contain any particles and
because in wet steam the droplets are too small to provide
acceptable signals, the flow musit be seeded.

To aveid dirtying the windows by o0il or other ligquids
giving rise to deposits, and agglomerztion of solid particles
in the condensor, the flow is seeded with water droplets. A
two millimeter thick tube is inserted in the settling chamber.
The tube head presents a small nozzle of 0.6, 0.3 or 0.1 mnm
diameter producing a spray of water droplets supplied from
outside the ftunnel. For convenience these nozzles are denomi-
nated N6, N3 and N1
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e, Signal processing

Signal processing is performed by the TSI 1980A counter.
The digital output (time for N cycles, minimum cycles per
burst, data ready, data hold) is interfaced with a 8 bits
minicomputer. To allow fast data transmission, four VIA 6522
are added %o the computer, allowing multiple devices to be
connected.

"First of all it was examined in which measure the dro-
plets generated by the three nozzles follow the steam flow.
Therefore measurements were carried out in points 4 and B
of Fig 7. Station A (x=6032) is located 18 % of chord length
upstream of the leading edge plane, so that the flow condi-
tions are uniform. Fig 8 shows the histograms for the three
nozzles. The TST counter is equipped with an amplitude dis-
criminator to avoid signals from large particles to be pro-
cessed. For each nozzle two histograms are shown. The first
histogram was obtained with the discriminator in the off po-
sition. All signals are applied to the validation unit. For
all nozzles, che second histogram corresponds to an identical
position of the amplitude discriminator eliminating signals
with high pedestal. These diagrams show that in station A the
mean velocity is not affected by amplitude discrimination.
The slight differences are within the influence of inlet total
pressure which was not exactly constant for these tests. The
velocity increase realized in the converging nozzle between
the settling chamber and the test section is smooth so that
the influence of inertia of droplets with different sizes is
limited. When amplitude discrimination is used the only effect
seems to be a slight drop in deviation.

| Station B is located in front of the upwards going
trailing edge shock. Due to important acceleration in the
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e. Signal processing

Signal processing is performed by the TSI 19804 counter.
The digital output (time for N cycles, minimum cycles per
burst, data ready, data hold) is interfaced with a 8 bits
minicomputer. To allow fast data transmission, four VIA 6522
are added to the computer, allowing multiple devices to be
connected.

First of all it was examined in which measure the dro-
plets generated by the three nozzles follow the steam flow.
Therefore measurements were carried out in points A and B
of Fig 7. Station A (x=6032) is located 18 % of chord length
upstream of the leading edge plane, so that the flow condi-
tions are uniform. Fig 8 shows the histograms for the three
nozzles. The T8I counter is equipped with an amplitude dis-
criminator to avold signals from large particles to be pro-
cessed. For each nozzle two histograms are shown. The first
histogram was obtained with the discriminator in the off po-
sition. All signals are applied to the wvalidation unit. For
all nozzles, the second histogram corresponds to an identical
position of the amplitude discriminator eliminating signals
with high pedestal. These diagrams show that in station A the
mean velocity 1s not affected by amplitude discrimination.
The slight differences are within the influence of inlet total
pressure which was not exactly constant for these tests. The
veloclty increase realized in the converging nozzle between
the settling chamber and the test section is smooth so that
the influence of inertia of droplets with different sizes is
limited. When amplitude discrimination is used the only effect
seems To be a slight drop in deviation.

Station B is located in front of the upwards going
trailing edge shock. Due to important acceleration in the
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channel between two adjacent blades, i1t is to be expected
that large and small droplets will have different velocities.
Histograms of Fig Qa indicate a much higher deviation than
at the cascade inlet. Also the effect of amplitude discri-
mination is evident (Fig 9b). Signels with high pedestal,
generated by large droplets are prevented entering the vali-
dation procedure. However, as the intensity distribution in
the laser beam is Gaussian, the pedestal amplitude will de-
crease when The droplet crosses the probe volume away from
the central path. As a result of this, The amplitude discri-
minator is unable to eliminate signals of all large droplets,
From Fig 9b it comes out that there are two families of dro-
plets, ecach of these families corresponding to a Gaussian ve-
locity distribution with different mean values. Fig 9c¢ 1s a
result of data reduction whereby the measurements of the
left-most family of Fig 9b are ignored, increasing the mean
veloci=y and decreasing strongly the deviation.

The choice of the nozzle that 1s to be used for further
research is based on the following considerations. As the
histograms show that the non-uniformity of the droplets is
more pronounced for nozzle N6, this type was rejected. With
N3 and N1 additional measurements were periormed at several
stations along AB (Pig 7). As a result of this, Fig 10 is
obtained. Because of the amplitude discriminator does not
allow %o eliminate a priori signals from droplets of a known
diameter, the discriminator is not used for this figure., Exa-
mination of the curves led to the choice of N1 for the fol-

Y

lowing reasons

- in the region of high -acceleration, at 5000{x {5200
(see also Fig 1 and 2) the measured velocity increase is more
important for nozzle N1,

- when passing through the downwards going trailing
edge shock wave (x{4200) a velocity drop is measured with N
while for N3 the velocity is constant due To inertia oI the
large droplets.
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Along the line AB of Fig 7, the velocity is measured
using nozzle N1 for signal generation. At constant cascade
inlet pressure, two velocity distributions are obtained, each
of them corresponding to a settling chamber temperature so
that the condensation shock occurs.

For the first set of measurements no amplitude discrimi-
nation is applied, the histograms look like Fig 8a and 9a. As
a resul?® of this Fig 11 (AD:0 %) is obtained showlng a smooth
increase in velocity up to x=5000. For 5000{x {4900 a velocity
drop takes place. It is in this region that the condensation
shock occurs as indicated on the photographs of Fig “1b and 2b.
Large droplets are unable to follow the abrﬁpt velocity drop
of the vapour phase, so that the mean velocity only slightly
decreases. The same phenomenon occurs at x=4300 when passing
through the strong trailing edge shock.

Amplitude discrimination is used for the second velocity
distribution. The histograms are similar to those of Fig 8b
and 9b. When the same data handling is applied as was done
to obtain Fig Yc, considering only those measurements gene-—
rated by small droplets, the velocity curve is at a much higher
level (Fig 11, AD:25 %). The velocity drop due to abrupt
condensation is steeper as well as the decrease in velocity
when the strong trailing edge shock is crossed. The region
of high acceleration, shown on the Schlieren pictures, is
also well marked.

&, Conclusion

Ak Bl it ] e Y St e

Optical methods for flow research in air tunnels are
usable in steam tunnels providing optimization is sought for
the dominant parameters., For visualigation techniques the
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optical and mechanical properties of the windows are of grea-
test importance. To apply laservelocimetry each component

must be optimized. Seeding must be used as well as high

laser power and when it is not monodispersed or when the
particles are large, one must be extremely careful. A Jjudicious
interpretation of the histograms allows to exclude erroneous
measurements.,
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