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Abstract

Calibrations of the new, variable porosity, two-
dimensional test section of the IAR 1.5m trisonic wind
tunnel, made during commissioning in 1989, showed the
existence of an adverse axial pressure gradient. A
preliminary modification of the test section has been
made to provide some control over the re-entry flow
from the plenum chamber into the downstream diffuser
section. Results from initial trials indicate that flat axial
pressure distributions can be achieved at all
subsonic/transonic Mach numbers, for the 2% porosity
setting on the top and bottom walls which was selected
as optimum during previous calibrations. The
modification has also proved effective in eliminating a
pronounced peak in the fluctuating wall static pressure
power spectrum, (at ~400 Hz), which has been present
in all previous configurations of the two-dimensional test
section. A permanent modification of the facility, based
on the results of this investigation, is in progress.

Introduction

A new two-dimensional test section for the IAR 1.5m
Trisonic Wind Tunnel was commissioned in 1989. In it
the porosity of the top and bottom walls is provided by
60° inclined holes having integral splitter plates, and is
variable in the range of 0.5% to 6% total open area
ratio. This hole configuration was chosen for the new
test section as it is quite effective in suppressing edge-
tone noise (~6 kHz), and also in cancelling shock and
expansion waves generated by the model under test."?

Calibrations of this new test section in 1989® revealed
that with the new wall configuration there was greater

mass outflow from the test section than with the original.

configuration, (20.5% porosity, normal holes), and this
resulted in an adverse axial pressure gradient in the
test section that could not be removed. These
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calibrations also confirmed the continued existence of
peaks, (at~400Hz.), in the power spectrum of fluctuating
wall static pressure which had been noted in the
original, (pre-1989, 20.5% wall porosity), configuration.
These static pressure fluctuation peaks were believed
to be associated with the free jet issuing from the end
of the sidewalls of the two-dimensional channel, as
these terminated some distance upstream from the end
of the plenum chamber.

The desire to correct the adverse pressure gradient
prompted modification of the two-dimensional test
section. Initially an interim modification was made to
lengthen the test section sidewalls; this was expected
to provide some contro! over the re-entry flow and also
to eliminate the free jet.

Measurements made in the thus modified test section
indicate that the axial static pressure distribution can be
fully corrected to a zero pressure gradient along the test
section at all subsonic/transonic Mach numbers, with
the 2% optimum top and bottom wall porosity. In
addition, the fluctuating wall static pressure peak at
approximately 400 Hz. present at transonic speeds has
been eliminated.

Based on the results of this preliminary investigation, a
permanent modification of the two-dimensional test
section is in progress. Completion is expected in the
Spring of 1994 at which time a more complete
evaluation and calibration of the modification will be
performed, including use of a static pressure probe
mounted on the test section centreline.

Test Section Modification

The modifications to the two-dimensional test section
configuration are shown diagrammatically in Figure 1.
The solid sidewalls were lengthened to prevent the
uncontrolled flow communication between the test
section and plenum chamber, which previously had
been possible through two large openings at their
downstream end. The original reasons for these



shortened sidewalls were both to minimise the
possibility of choking the channel at the higher Mach
numbers due to the blockage of the 3-D model support,
and also to avoid excessive transient loading on the
sidewall structure during tunnel start-up and shut-down.
Preliminary measurements of transient pressure
differences across the sidewall, as well as experience
with a similar two-dimensional test section configuration
(T-38 wind tunnel), indicate that transient loadings
should not be excessive with the modified sidewalls,
although this has still to be verified for high static
pressure conditions. The extension of the sidewalls
allowed the existing sidewall 'constraining wall’ structure
to be used, both as a diffuser and as conventional re-
entry flaps for controlling the plenum ejection flow. The
purpose of these ‘constraining walls’ in the original test
section configuration had been to ‘capture’ the free jet
emerging from the (short) test section, in order to
reduce the very severe lateral vibrations experienced by
the three-dimensional model supporting strut.

Test Description

This investigation in the modified two-dimensional test
section covered Mach numbers in the range 0.2 t0 0.9,
but all runs were performed at low Reynolds numbers
because of load limitations imposed by the interim
nature of the extended sidewall structure. The majority
of the test runs were performed using the previously
determined optimum top and bottom wall porosity of
=2%, but several runs also were made with a porosity
of 1=3%.

The wall static pressure distributions were measured
using tubes installed on the top and bottom perforated
walls. In 2-D testing at IAR, such measurements are
routinely used in determining corrections for wall
interference. The objective of the experiment was to
confirm the ability of the proposed modification to
control the axial pressure distribution, rather than to
achieve the flattest possible gradient for any test
condition. Accordingly, the data presented here do not
necessarily represent the best result possible.

Measurements of the static pressure fluctuations, both
at an orifice in the test section sidewall, (0.75m
upstream of the model centreline), and in the plenum
chamber were made using fast response (0-10 kHz)
Kulite differential pressure transducers, using as
reference a highly damped pressure whose value was
ciose to the test section static pressure. The signals
were recorded, both on a Racal analog tape recorder
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(0-20 kHz) for post-test analysis using an HP 35665A
Dynamic Signal Analyzer (0-100 kHz), and also as RMS
values.

Results and Discussion

a) Axial Static Pressure Distributions (Empty Test
Section)

Two different configurations of the modified test section
were investigated (see Figure 1). In the first, steel
plates were used to blank off the plenum chamber from
the downstream channels formed between the
‘constraining wall' diffuser and the main 1.5m wind
tunnel diffuser. Effectively this blanking plate
configuration prevented flow from the plenum chamber
directly to the main diffuser, and hence represented a
classical ventilated wall test section with the re-entry
flaps being used to control the plenum chamber
ejection, and hence the static pressure distributions
along the test section.” In the second configuration the
blanking plates were omitted, thus allowing free flow
communication between the plenum chamber and the
end of the diffuser formed by the 'constraining walls’.

It was shown that the pressure distribution along the
test section could be controlled successfully using either
configuration. While the majority of the test was
performed with the blanking plates installed, the
configuration having no blanking plates, aithough
unusual, has been selected for the final test section
modification for two reasons. Firstly, it provided a
somewhat greater range of adjustment of the axial
pressure gradient (especially at lower Mach numbers),
and secondly, it avoided the need to design the
blanking plates to withstand the transient loadings
during the wind tunnel start-up process, (see Figure 2),
caused by different fill-up times for the plenum chamber
and ‘constraining wall' channels.

With the classical configuration the flow in the test
section is controlled using the sidewall re-entry flaps,
while with the second configuration, flow control is
achieved by a combination of the re-entry flaps and the
variable diffusion provided by the 'constraining walls'. It
was shown that a slight change in the diffusion angle
affected the pressure level in the plenum chamber, thus
adding another dimension to the process of controlling
the main flow in the test section of this facility.

The associated geometrical configurations of the
constraining walls, for the several subsonic and



transonic Mach numbers covered, are shown in Table
1. It should be noted that this table represents the
configurations with the blanking plates installed, since
most runs were performed using that configuration.

A comparison of the results obtained in the empty test
section of the original and modified configurations is
shown in Figure 3 for a typical subsonic case, (M =
0.4). These are presented as Mach number variations
relative to the nominal (reference) Mach number,
AM=M, -M,;. As can be seen, the pressure distribution
along the modified test section is flat, and shows only
minor irregularities. It is worth noting that the static
pressure orifices in the pressure tubes are located only
25 mm from the porous wall and thus may be subject to
some influence of the inflow/outflow through the porous
wall.

It should be noted that the various comparisons
between the original and modified test section resuits
shown herein are being made at different stagnation
pressure levels. To investigate any Reynolds number
effect on the pressure distributions, two runs were made
with different stagnation pressures at Mach number 0.6
in the modified test section. The results did show some
dependence on the stagnation pressure, but it is not
anticipated that this would invalidate the qualitative
conclusions of the investigation. However, the
Reynolds number effect needs to be explored more fully
when the final modification is commissioned.

A comparison of the pressure distributions for a typical
transonic case (M = 0.8) is presented in Figure 4, and
again it is seen that the pressure distribution in the
modified test section is quite uniform. In Figures 3 and
4, the curves shown for the original test section
configuration represent the flattest pressure distributions
that it was possible to achieve prior to the present
modification.

The effectiveness of slanted holes equipped with
splitter-plates is demonstrated in Figure 5. It can be
seen that a change in porosity level from 2% to 3% has
a pronounced effect on the static pressure distributions
along the test section, indicating that this specific
perforated wall configuration is very effective in
bleeding-off mass flow from the test section into the
plenum chamber.

b) Fluctuating Wall Static Pressure

Frequency spectra obtained in the original and modified
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test sections are compared in Figures 6 and 7 for
transonic Mach numbers of 0.7 and 0.8. It is seen that
the pronounced peak in the fluctuating wall static
pressure power spectrum which is present in the
original test section, (at 392Hz. and 426 Hz. for Mach
numbers of 0.7 and 0.8 respectively), is eliminated by
the test section modification. This result supports the
hypothesis that the peak at approximately 400 Hz was
generated by mixing between the secondary plenum
flow and the main flow emerging from the original two-
dimensional channel as a free jet. Measurements of
the fluctuating pressure in the plenum chamber show a
similar peak in that power spectrum, suggesting that the
disturbances originating with the free jet are being
propagated upstream through the test section and
plenum chamber.

Figure 8 presents some RMS measurements of the
sidewall pressure fluctuations in normalized form
(Cpime)- Results obtained during the present
investigation, mostly in the modified test section but
also with the original configuration, are compared with
those from the original test section calibration made in
1989®. The difference between the sidewall and
centreline static pressure fluctuation levels, (between
approximately 0.5% and 0.8% in Cp,,), measured
during the original test section calibration is attributed to
the contribution from the wall boundary layer®, and is
expected to be essentially the same with the modified
test section. For the original test section configuration,
the present measurement at Mach number 0.4 was
made at the same Reynolds number as in the 1989
calibration, and the two results are in good agreement.
For the other Mach numbers at which comparisons are
possible, (0.7 and 0.8), the Reynolds numbers are not
identical, but the two results nevertheless agree to
within about 0.15% in Cp,,,.. To investigate the effect of
blowing pressure, (Reynolds number), three runs were
made with the modified sidewall configuration, at M =
0.6 and stagnation pressures corresponding to
Reynolds numbers of 6, 15, and 22x10%ft. The results
indicated a trend towards lower Cp,, levels with
increased stagnation pressure, the values measured
being 1.56%, 1.40% and 1.37% respectively. As the
data for the modified test section were obtained at low
stagnation pressures, the Cp,. levels that were
measured may be somewhat greater than might have
been obtained at higher stagnation pressure.

Comparison of the resuits obtained with the original and
modified test section configurations indicates that there
is no change in the level of Cp,,. at a Mach number of



0.7, but that there is some reduction in level above this
Mach number. As noted above, this reduction may be
slightly conservative because of the effect of blowing
pressure. Below a Mach number of 0.7 the results from
the modified test section show progressively higher
Cp.ms levels as Mach number decreases. This result is
thought to be due to a problem in the measured data,
whereby the signalto-noise ratio deteriorated (as a
result of inadequate gain) as Mach number (and hence
dynamic pressure) was reduced - the result of most
runs being made at a constant stagnation pressure.
This conclusion is supported by the fact that results
obtained with the original sidewall configuration at M =
0.4 for the higher Reynolds number of 15x10°/t. show
good agreement with previous data, while greatly
increased Cp,, levels were measured for the reduced
Reynolds number, (and dynamic pressure), appropriate
to the data for the modified configuration. At M = 0.3
where the result for each configuration was obtained at
the same (low) stagnation pressure, quite similar Cp,,,
levels were recorded in both cases. Here there is an
indication of some reduction in level with the modified
configuration, but this is likely within the measurement
uncertainty because of the poor signal-to-noise ratio.

A comparison of wake profiles for a typical transonic
two-dimensional model, measured close to the test
section centreline in the original and modified test
sections, is presented in Figure 9. With the original test
section configuration the measurement station for the
wake pitot probes was only 0.575m upstream of the end
of the sidewalls, but this distance is approximately
doubled by the extended sidewall modification. Figure
9 shows that a significantly smoother wake profile is
obtained with the modified sidewall configuration, again
suggesting that elimination of the free jet is responsible
for the improvement. The wake profiles shown were
obtained by traversing a pitot probe through the airfoil
wake in approximately 1.5 seconds, so that the
unevenness in the profile measured in the original test
section is seen to indicate a flow unsteadiness at quite
low frequency. The improved result obtained with the
sidewall extension is therefore quite surprising, as the
power spectra of the measured sidewall fluctuating
pressure, (Figure 7), did not show any improvement at
such low frequencies, (<250 Hz.).

Conclusion
An interim modification has been made to the IAR two-

dimensional test section, which has been demonstrated
to be effective in correcting an adverse axial static
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pressure gradient. It was shown that the axial pressure
distributions were fully correctable at all
subsonic/transonic Mach numbers for the previously
determined optimum top and bottom wall porosity of
1=2%. In addition, the modification has eliminated a
static pressure fluctuation peak at approximately 400
Hz. which has previously been present at transonic
speeds. A permanent modification of the two-
dimensional test section, based on the resuits of this
investigation, is in progress.
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