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SUMMARY

To combat dust erosion of models in two supersonic wind tunnels, pressed
woollen Telt screens were fitted in the settling chambers and were found to be
very effective dust filters. Each screen was composed of a layer of felt

mounted on a wire gauze screen.

Selection of the pressed woollen felt (to Specification D.T.D.590)
Tollowed comparative trials, in a test rig, of six possible materials. In
addition, the felt has a relatively low pressure drop coefficient: approxi-
mately 2 per cent ol that of an aircraft linen and 16 per cent of that of a

rarachute nylon,

lleasured values of the pressure drop coefficient are given over a range

of values of Reynolds number that should be sufficient for most applications.
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1 INTRODUCTION

Some years ago (1954 - 1956), during research work on laminar boundary
layers on steel models in two supersonic wind tunnels, considerable trouble
was experienced with erosion of surfaces by high speed dust particles. The
erosion was sufficient to render impotent the sublimating solid technique of
boundary layer transition indication and, in the worst cases, turbulent
boundary layers were promoted. lNMicroscopic examination of the damaged sur-
Taces revealed craters, the majority of which were less than 5 microns in
width.

The existing filters in the tunnel circuits were situated at distances
remote from the working sections and, as a result, were unable to cope with
any particles of drying agent and pipescale etc. introduced downstream of
them. Therefore, a filter was required immediately upstream of each nozzle.
Both tunnels were fitted with wire gauze screeng in the settling chambers and
it appeared simple to modify these by adding a layer of high solidity fabric
to act s a dust filter.

Accordingly, tests were made in a rig, Fig.1a, to determine the most
suitable material for this job, and from these tests a good quality pressed
felt! was selected.

Filters consisting of one sheet of felt supported by wire gauze were
installed in the settling chambers of both tunnels and considerable cleansing
of the airstreams was immediately achieved.

Details of the pressure drop coefficient (Ap/q) of these filters are
given and a comparison with other screens is drawn. The results are corre-
lated against Reynolds number per foot (U/v) and a sufficient range is covered
for most design applications.

The filters were used at temperatures up to 50°C without detriment to
their performance.

A further advantage of high drag screens is in the reduction of turbu=-
lence and flow instabilityz.

2 COIPARICON OF VARIOUS SCRIEN MATERIALS

241 Test rig

A test rig, Fig.1a, was made to the standard set by Ref.3, and was used
to measure air mass flows and pressure drops across the various screen
materials.

A sharp edged orifice plate of solidity s = 0.58, with corner tappings,
was used for the measurement of mass flow, and calibration by pitot/static
tube of the discharge coefficient of the orifice plate agreed very well with
the standard valued of 0.605. The latter figure was then used in the
reduction of the test results.

The pressure drop across the screen, AP, was measured at points one pipe
diameter upstream and downstream of the screen.

The pressures were measured with manometers: oil manometers were used
Tor smell pressure differences such as the drop across the orifice plate, and
meroury manometers were used for larger pressure differences such as the drop
across the screen. Accuracy of scale reading was better than 0.02 inches in
both cases.



2.2 Screen materials tested

The following materials were tested in the rig to ascertain their
usefulness as dust filters and to measure their pressure drop.

(1)  Common felt, % inch thick (coarse grade, very uneven thickness).

(2) Aircreft linen (fibre diameter =~ 0.01 inch).

(3) Parachute nylon (fibre diameter =~ 0.000L inch).

()  Swansdown cloth.

(5) Surgical lint.

(6) R.5.7 pressed woollen felt to Specification D.T.D.590 (colour, off-
white; mnominal thickness 1/16 inch * 0,02 inch; nominal weight 10 oz/sq yd
+ 15%; fibre diameter ~ 0.001 inch).

(7) Round wire gauze (30 meshes/inch; wire diameter = 0.01 inch;

S = 0.513). This screen was used as a support for the above materials in the
tests.

(8) Round wire gauze (= 150 meshes/inch; wire diameter = 0,0023 inch).

2.3 Test rig results

2.5.1 Comparative filtration efficiency

By visual examination of the screens after testing in the rig it
became apparent that the R.S,7 woollen felt material was the best dust
collector.

Three materials spanning the range of fabrics namely (a) aircraft linen,
(b) parachute nylon (D.T.D.556), both of which are screens of single fibre
thickness and high solidity but with widely different fibre diameters, and
(c¢) R.S.7 woollen felt were then tested to compare their filtration
efficiencies.

In these tests, each screen was backed by a nylon screen (D.T.D.793)
at a distance of % inch and atmospheric air was drawn through at an entry
velocity of approximately 20 ft/sec for 6 hours. Fig.7 gives the results
showing both the dust collected by each material under test and also that
passed through and collected by the backing screen. To some extent this
technique off'sets variations between the individual tests in the amount of
dust present in the atmosphere, The superiority of R.S.7 woollen felt is
confirmed.

Fig.8, which is a photomicrograph (20x magnification) of each screen,
shows the variation between the meshes of the materials and the diameters of
the fibres. The linen is a material of high solidity and large fibre dia-
meter, and the parachute nylon is a material of high solidity and small fibre
diameter. On the other hand the woollen felt is a material of low solidity
and small fibre diameter (~ 0.001 inch) but the depth of the material allows
it to be likened to a large number of low solidity screens in series.

These results are in general agreement with the conclusions reached by
Johnstone and Robertst in their consideration of the removel of particles
from moving gas streams, where, fcr particles larger than 1 micron in diameter
the principal mechanism of removal is that of impaction. With screens, this
is achieved best by those of high solidity but composed of fibres of small
diameter. Thus the nylon (Fig.8b) might be expected to be a better dust
collector than the linen (Fig.8a) as is indeed the case.
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The felt has small diameter fibres and apparently low solidity (Fig.8c)
but the depth of the material and random distribution of the fibres appear to
give a very complete coverage of the airstream, resulting in its being
superior to either the linen or the nylon (Fig.7). A big advantage of this
material is its low pressure drop ccefficient and this is discussed in the
next section.

2.3.2 Comparison of pressure drop measurements of various screens

The measurement of pressure drop through screens has attracted a large
number of workers. The picture that emerges from their work is that for low
Reynolds number flow the pressure drop coefficient. A = AP/q, decreases with
increase in Reynolds number in a mamner similar to that of the drag coefficient
for low Reynolds number flow normal to a cylinder. At higher Reynolds number,
A remains sensibly constant at its lowest value (however, with screens of very
high solidity this condition may not be reached, because of compressibility
effects, e.g. linen and nylon, Fig.2).

At high velocity, compressibility has the effect of increasing N\, e.g.
linen and nylon, Fig.2, and the flow may be considered to be through a nozzle
or sharp-edged orifice according to whether the leading edges of the screen
elements are rounded or sharp. Hence the screen solidity (which defines the
contraction ratio imposed on the stream-tubes of the airflow), the inlet Mach
number and the Reynolds number are important parameters.

Fig.2 shows the variation of A with velocity for some of the screens
tested and shows that the R.S.7 woollen felt has a much lower pressure drop
than either the aircraft linen or parachute nylon materials despite its
greater thickmess and seemingly higher solidity. Approximately, the minimum
value of the pressure drop coefficient of linen is 50 times, and that of
nylon 6 times, that of felt, and the reason for this can be seen from Fig.8
which shows the relatively wide mesh, and hence low solidity of felt compared
with the linen and nylon materials (note comments in section 2.3.1).

The effect of compressibility appears only in the cases of linen and
nylon, ¥ig.2, and the linmit for completely subsonic flow

132/190

(21 )¥/¥1

0.528 for & = 1.4

is reached for both. In the case of linen, full sonic choking at the inter-
stices has occurred at an inlet Mach number of 0.016..

Fige3 shows the variation of maximum inlet Mach number with solidity,
calculated for the flow model shown. In this case, solidity

A
- =X
Ay

5 = 1

and Mach number and area ratio values were taken from isentropic flow tables.
The maximum inlet Mach number of 0.016L obtained for linen would correspond
to a solidity of 0.97 and it is suggested that where the metrological
neasurement of solidity is impracticable, this aerodynamic method may be used.



3 EXPERIENCE OF THE USE (I ReSe7 WOOLLEN FELT SCREENS AS ATR CLOANSRD
IN SUPERSONIC WIND TUNNELS

3«1 Description of tunnel filter installations

%e1a1 Noo1 Tunnel, R.A.E./Bedford

FPige1(c) shows the size and position cf the felt screen placed normal
to the flow in the settling chamber of the gbove tunnel. It consisted of a
single sheet of felt supported by a wire geuze (30 mesh, d = 0,01 inch)
mounted on a square wooden frame which was easily removed for inspection and
cleaning., A sag of 4 inches at the centre of the screen was allowed to
reduce the stress on the wire support under air load.

The tunnel had a fixed wooden nozzle for a llach number of two and hence
the velocity in the settling chamber was constant at 17 ft/sec with slicht
variat'%on according to the air temperature. The maximum temperature attained
was L0 C,

The range of pressure covered was from 1 to 3 atmos,

3,102 No.5 Supersonic Tunnel, R.A.E./Farnborouch

Fige1(b) gives details of the screen installation in this tunnel. The
settling chanber was of circular cross-secticn and cculd be fitted with up
to L. screens in series. The felts were mounted on wire gauzes (30 mesh,

d = 0,01 inch),

The tunnel had a range of wooden nozzles which gave fixed llach numbers
of 3, 4 and L5 and corresponding air velccities in the settling chamber were
arqund 1245, 645 and 3.30ft/ sec, In general, the air temperature was about
LO°C but occasionally 50°C was reached.

The range of pressure covered was from 1 to 6 atmos,

32 Results of tunnel tests

3e2s1 Filtration efficiency of felt screens in tunnels

In both tunnels the woollen felt screens eliminated model erosion by
dust particles and ensbled the use of chemical indicators when studying
boundary layer transition.

In the No.1 tunnel, the filter was extremely effective in clearing up
dust from the activated alumina drying agent, which had leaked intc the
tunnel circuit., After a few runs the filter was vacuum cleaned to remove the
heavy deposit but thereafter very little vacuum cleaning was required. No
measurable increase of pressure dron due to dust pollution of the felt was
obtained, for example, an air mass flow of L4 lb/sec ft“ was passed for
25 hours without measurable increase in the screen pressure drap.

Previously a filter consisting of about 6 layers of butter mu.slin5
coated with a light oil had been used, with only limited success, as a dust
filter.

In the No,5 tunnel felt screens were used for a much longer period, 195
to 1958, and it was found that with two or more screens in series a longer time
may elapse between inspections, At each inspection, the upstream felt was dis-
carded and a clean felt positioned at the downstream end of the filter section.
A further advantage of a series of screens is the extra cleansing which takes

place.



3,2.2 Measurements of pressure drop oi felt screens in tunnels

Over the years when they were in use, measurements of the pressure drop
across the felt screens were made, covering a range of operating conditions,
and results are given in Table 1.

Fig.l shows the veriation of pressure drop with pressure (downstream of
screen) for four different flow velocities. The velocities in the settling
chembers were computed from working section lMach number and throat to settling
chamber cross-sectional area ratios. The pressure drop is ‘seen to vary
linearly with pressure over the range of conditions covered.

The results given in Table 1 are plotted in the form N versus Reynolds
number per foot in Figs.5 and 6. Tig.5 refers to the results for single
screens and Fig.6 to results for series screens. In both cases A is the
pressure drop ccefficient for a single screen. The Reynolds number was not
nade dimensionless for reason of simplicity, since no correlation with other
porous screens is intended.

The correlation against Reynolds number is very good and covers wide
ranges of pressure end velocity and o lerge number of screen samples.

Scatter can arise from variations in screen material (note, from
section 3.2.1, that one felt was replaced at each inspection). The tolerance
on weight per square yard of material was *15 per cent and an arbitrary toler~
ance band of #15 per cent on pressure drop coefficient has been added to
TFigs.5 and 6. All the results lie within this band including the curve
renresenting the test rig results of Fig.Z2.

Tig.6 collects the results for series screens and shows that the average
pressure drop per screen is very similar to the values for single screens.

L CONCLUSIONS

The use of good quality woollen felt with small fibre diameter such as
the type R.S5.7 in the Specification D.T.D.590 is recommended as a suitable
dust filter for wind tumnels. Tests showed it to be superior to other
materials as a dust collector and it has a relatively low pressure drop
coefTicient (Fig.2). The best place for mounting a filter is immediately
upstream of the nozzle and it is suggested that the settling chamber offers
the best site, by suiteble adaptation of the customary wire gauze screens.

The woollen felt has been used at temperatures up to 50°C without
detriment to its performance.
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TABLE 1

Measured values of pressure drop and pressure drop

coefficient for R.5.7 felt screens in wind tunnels

¥7,2078.C,P.538.X3 - Printed in Ingland

Mach
numrber
Screen P2 Ué ap ( A R ) in
arrangenent ¢ .. 2 2 per - tunnel
(1v/in®) | (£t/sec) | (1b/ft°) soreen) | X 10 working
section
14,3 6.52 11.3 25046 3,49 b
30,1 6452 12,71 | 133.8 735 I
1,5 6.1, 10,8 105.4 | 11.27 L
4.6 6.52 14..42 | 100.5 | 10.88 b
59.7 6.52 16.25 86.3 | 1L4.58 L
62.5 61y 12.2 874 15.26 t
. 63.3 6.52 16.25 81.4 | 15.
?i?fée.sciegnlt 63.5 6 | 17.5 87.5 | 16.08 i
ted b © 30.62 1246 3340 92.5 | 14.81 3
30 nesh wire 4ea5 1246 | 39.85 | 76 21.55 3
me§ wire 61 12.46 47.3 65.9 | 29.5 3
gauze 14..75 16.95 35.3 10L.9 | 10.65 2
20,05 16,81 40.9 89.4 | k.71 2
24,3 16.95 46.6 8L.1 | 17.55 2
29 16.85 50.9 76.9 | 20.L 2
31..25 1744 60 76.75 | 2h.2 2
39.2 174 65.65 730 | 2747 2
Y15 17.28 70.65 70.1 | 30.76 2
75.9 3,27 7.76 12.9 9.3 L.5
16,2 3,32 6.5 171.5 5.75 L5
14,25 6.5 10.35 | 253 3.49 L
20.L5 6.5 11,5 178.5 3.21 t
35,1 6.5 1.,05 | 127 .
2 soveens Lh.7 6.5 15.62 | 111 10,95 L
in serios 1.7 12,7 26.53 | 150.6 7.0 3
: 29, 12,7 35 99.5 | 14,08 3
I 12,7 W24 83.6 | 21.12 3
58,8 12,7 53,9 75.3 | 28.16 3
73.5 12.7 56,6 6h.3 | 35.2 3
73.5 12.7 6347 7243 35.2 3
L screens in series 13.48 11.95 21.6 138.75 7.3 3
- 10 =
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